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PREFACE

It is not necessary in the present state of medical knowledge

to call attention to the importance of the results obtained by the

microscopical and chemical examination of the blood and the

secretions and excretions of the body, as an aid to diagnosis, for

the physician is not as yet sufficiently equipped with diagnostic

methods to be able to neglect the study of any phenomena which

may lead to a knowledge of disease.

The facts obtained in the laboratory may occasionally be of

more value than those secured by the physical examination of

the patient; they more often possess a corroborative force ranking

with the observations procured by the stethoscope and eye ; occa-

sionally they have merely a scientific worth and are relatively

unimportant from a point of view of an immediate diagnosis.

In this volume, which represents the author's experience in

hospital work and teaching of clinical pathology, the attempt

is made to indicate not only the proper technique of the methods

of laboratory diagnosis, but also to emphasize the relative value

of the procedures and the practical importance of the knowl-

edge so obtained. The writer hopes that the results may be of

value to the students of medicine, hospital internes, and practi-

tioners for whom this book has been written.

The author takes pleasure in acknowledging the many help-

ful suggestions which he owes to Professor T. Mitchell Prudden

during the progress of this work and also in expressing his in-

debtedness to Professor P. Hanson Hiss and Dr. Charles Norris

for aid in revision of several sections; to Dr. E. Libman for numer-

ous blood shdes from his large collection; to Drs. E. H. Pool and

T. S. Hart for permission to reproduce specimens ; and to Dr. Ed-

ward Leaming for many of the photographs. The writer's thanks

are also due Miss S. M. Wood for her most valuable assistance in

proof correction and in the preparation of the index.

Francis Carter Wood.
Department of Pathology,

Columbia University, New York.
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PART I

THE BLOOD
I. GENERAL CONSIDERATIONS

The blood is a red, slightly alkaline, albuminous fluid, which

serves as a vehicle for the transfer of food and oxygen to the

tissues and for the removal of carbonic acid and other waste

products from the cells of the body.

The morphological elements which it contains while in the

vessels are the red and white corpuscles, blood plates, and blood

dust (haemoconien) . All these bodies are suspended in a fluid

plasma composed of serum albumin and globulin with a small

amount of fibrinogen and considerable quantities of inorganic

salts, chiefly sodium chloride, carbonate, and bicarbonate.

The red cells in health are usually considered to assume a

biconcave form when not influenced by external forces; though

some observers 1 have asserted that the normal figure is bell-

shaped and that the disks are artificial. In blood from normal

persons the red cells contain no nuclei, while in disease nucleated

forms are frequently met with.

The white cells contain a nucleus under normal conditions,

surrounded by a spherical cell body which often contains granules

varying in size and staining reactions in the different cells. The
staining reactions of these granules, largely owing to the researches

of Ehrlich and his pupils, have become of great importance in the

classification of the different forms of leucocytes.

The blood plates are small oval or spherical bodies without a

very definite structure; but when stained they show a central

mass, taking a deep nuclear stain, and a peripheral portion which

takes the stain much more feebly.

The plasma of the blood also contains extremely small par-

ticles which have been called haemoconien (blood dust) and con-

cerning which we know but little.

In healthy persons the red corpuscles number from 4,500,000

^ Lewis: Jour. Med. Research, N. S., vol. v., 1904, p. 513. [Literature.]

1
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to 5,000,000 to the c.mm.; the white from 5,000 to 10,000; the

blood plates 200,000 to 600,000, though the figures for the last

are not very reliable, as the plates are rapidly destroyed after

the blood is shed. The specific gravity of the blood averages

about 1.060. Shght variations are observed in health.

Within from two to eight minutes after the blood is drawn

from the vessels coagulation takes place, the time depending

greatly upon the amount of admixture of tissue juices with the

blood and the amount of foreign material contained in the vessel

into which it is drawn. When protected from foreign bodies,

either by oil,- or by being collected in a glass vessel which has

been cleaned by the action of strong acids, the clotting is very

much delayed.

The bulk of the red and white corpuscles is about half of that

of the whole blood, the other half being the plasma.

The reaction of the blood is alkaline due to the presence of

disodium phosphate, carbonate, and bicarbonate, and is usually

considered as equivalent to 200 to 400 milligrams of sodium hy-

droxide to 100 c.c. of blood. Considerable variations in the re-

action may be observed under physiological conditions, such as

the taking of foods, muscular work, and changes of an unknown

nature, the alkalinity being least in the morning, gradually rising

in the afternoon, and becoming less in the evening.

The freezing point of the blood or blood serum is quite con-

stantly— .55° to— .57° C, below that of distilled water. The

electrical conductivity of the serum at 25° C. is approximately

115 X 10-8 ohms -1-

Inasmuch as the blood occupies the position of a tissue common
to all the organs of the body it may reasonably be supposed to

show alterations in its composition when any of these organs

undergo a change from the normal. Some of the changes in the

composition of the blood, which are due either to disease or to the

infectious or toxic agents which incite that condition, are quite

characteristic and easily demonstrable by comparatively simple

physical or chemical methods. Others either lack specific quali-

ties or can not be made out by our present means of examination.

The changes in the morphology of the blood which character-

ize leukaemia, are examples of the relatively characteristic alter-

ations of the first group ; those changes in the red corpuscles which
may be noted during the course of a simple anaemia, are examples
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of the second group—that is, of non-specific changes which are

common to a large number of diseases.

The agglutinating substances which appear in the blood during

the course of certain infectious diseases are examples of the

alterations in composition, the nature of which are as yet wholly

unknown, at least from a chemical or physical standpoint. Never-

theless, the agglutination phenomena may become useful in diag-

nosis, if the conditions of their occurrence in the blood in disease

are carefully determined.

The facts of clinical importance which we endeavor to obtain

from the blood concern chiefly the variations in the morphology

of the red and white cells, the relative haemoglobin content of the

red cells, the presence or absence of micro-organisms, and the

changes in the blood serum which are evidenced by the agglu-

tination reactions. The routine examination of the blood then

requires (1) the examination of fresh blood, (2) enumeration of

the red and white cells, (3) determination of the amount of haemo-

globin present, (4) microscopical examination of stained smears,

(5) examination for the presence or absence of agglutination reac-

tions; while in special cases (6) a bacteriological examination of

the blood during life may be indicated. In special cases it is of

interest to estimate the relative bulk of the corpuscles in the

plasma by means of the centrifuge, to determine the iron content

of the blood and also its specific gravity, and the freezing point

and electrical conductivity of the serum.

II. PHYSIOLOGY AND CHEMISTRY

METHODS OF OBTAINING THE BLOOD

Small quantities of blood such as are required for microscopi-

cal examination in a fresh condition, or to prepare spreads for

staining, are best obtained by puncturing the skin of the lobe of

the ear or the tip of the finger. There are certain advantages

in the use of each. The skin of the ear is less sensitive, and the

instrument used in making the puncture is less obtrusive to the

patient, points of no slight importance in nervous people. The

ear can be used in those who are unconscious or who resist any

attempt to remove the hands from under the bedclothes. On
the other hand, the finger-tip, in all cases except laborers whose
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fingers are covered with thickened epidermis, or patients affected

with marked oedema of the fingers, is more convenient and pref-

erable because 'of its greater vascularity, which makes the ob-

taining of a large number of drops a matter of comparative ease.

When repeated punctures are to be made, the same finger should

not be employed for many consecutive incisions, as a very annoy-

ing anaesthesia may be produced by the severing of the small

nerve-fibers of the finger-tip. In obtaining blood from infants

the plantar surface of the great toe should be punctured, not the

finger or ear. It is advisable to clean the skin over the point to

be incised with a mixture of alcohol and ether, to remove the

fat and epithelial debris always present, as these may appear in

the preparation and cause the most annoying artefacts. The

danger of infection is not great, yet it exists, and the writer has

seen a cellulitis produced by an infected needle. It is safer, there-

fore, to sterilize the needle before making the puncture.

The form of needle used to make the puncture is not unim-

portant. The ordinary round sewing-needle is not satisfactory;

it merely punctures the tissues without opening up any channel

for the blood to escape. The triangular glover's needle, so often

recommended, is not much better. The proper form is either

<!:: ) ^
Fig. 1.

—

Needle for Blood Work.

what is known as a Hagedorn surgical needle, which is a flat needle

with a cutting point, or a small, spear-pointed, paracentesis

needle, such as is used in eye operations. Either of these instru-

ments causes less pain than the ordinary needle, and furnishes

a broad cut in the tissues, from which the blood flows freely and

without the necessity of pressure, which always adds a variable

amount of tissue-lymph to the blood-drop and thus vitiates the

results of a haemocytometer count. A convenient form of needle

which can be obtained from dealers in microscopic supplies is

shown in Fig. 1. A guard to limit the depth of the puncture is

an unnecessary refinement. The skin of the finger-tip should be

rendered tense by slight compression toward the periphery and
the puncture made quickly and firmly, the needle going at once

to the necessary depth in the soft tissues of the palmar surface
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of the finger-tip. The long axis of the cut should extend obliquely

across the tip; not transversely, as the edges of the cut close on

the slightest pressure; not longitudinally, as then fewer of the

small capillary vessels are cut across and less blood can be ob-

tained. If the ear or finger is oedematous it is advisable to re-

move the subcutaneous lymph as far as possible by gentle mas-

sage, the puncture then furnishing capillary blood undiluted by

the tissue-fluids.

Larger quantities of blood, such as may be required for ag-

glutination reactions, may be obtained by making a very deep

puncture in the finger and exerting slight pressure. The lymph

which is squeezed from the subcutaneous tissue by this process

does not interfere with the agglutination reactions, but such

blood should not be used for other tests, such as the specific gravity

or coagulation reactions. The amount which may be obtained is,

as a rule, not much over one cubic centimeter. For larger quan-

tities it is necessar}'- to puncture one of the superficial veins of the

arm, the one usually selected being the median basilic. An as-

pirating needle of large caliber may be passed directly into the

vein through the skin, after sterilization of the latter, and the

blood which escapes received in a suitable vessel; or the needle

may be of the size ordinarily used for hypodermic purposes, in

which case it is usually necessary to attach a syringe to aspirate

the blood through the needle. For such purposes the solid glass

Liier syringes are admirable, especially when furnished with

needles of hardened platinum which can be sterilized in a flame.

Where it is of especial importance to avoid contamination of the

blood by the skin cocci, an incision should be made down to the

vein that is to be punctured and the freshly sterilized needle

plunged directly into the lumen of the vessel. It is often possible

to obtain 10 to 15 c.c. of blood in this manner without exerting

any compression on the vessels above the site of the puncture,

but in persons who are deeply septic the veins may be so col-

lapsed that it is necessary to fill them either by a compression

bandage tied about the arm or by manual compression of the

larger trunks. The entire operation can be carried out under

local anaesthesia and the small incision in the skin left without a

suture, as a sterile gauze-pad strapped over it will check haemor-

rhage. The dressing need not be disturbed for a day or two, at

the end of which time healing will usually have taken place.
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THE COMPOSITION OF THE CORPUSCLES AND THE SERUM

CORPUSCLES

The red cells may be separated by laking with distilled water,

into two bodies, one haemoglobin, the other the stroma. The
haemoglobin is a crystalline body and has been assumed until

recently to be of constant composition, but the great variations

in the different analyses made by different chemists have led

to the suspicion that the haemoglobins from different animals

may vary slightly in their composition and possibly the human
haemoglobins in disease differ from those in health, especially in

their iron content. It has even been suggested that the haemo-

globin is merely colored by an iron-bearing chromogen and that

the crystalline substance which has been regarded as of constant

•composition is really a mixture of two.

The stroma of the red cells consists chiefly of lecithin, chol-

esterin, and an albuminous body of the globulin group. It also

contains potassium, sodium, calcium, magnesium, and phosphoric

and hydrochloric acids. One thousand grams of red cells contain

about six hundred parts of water, four hundred parts of solid

matter, of which the albuminous substances and the haemoglobin

make up three hundred and eighty parts, other organic substances

eight parts, the remainder is the inorganic residue. The haemo-

globin amounts to about 86 to 94 per cent, of the solid matter

of the red cells.

The leucocytes are of slightly more complicated structure, con-

taining the following substances :
^

Per cent.

Leuconuclein 68.78

Histon 8.67

Lecithin 4.51

Fat 4.02

Cholesterin 4.40

Glycogen 0.80

Nuclein bases 15.17

Albuminous substances 1. 76

SERUM

Normal serum is clear and of a pale yellow color, except after

a meal rich in fats, when it may be opalescent. The specific

^Lilienfeld: Du Bois Reymend's Archiv, 1892, p. 173.
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gravity averages 1.028, with normal limits of 1.026 and 1.030.

It is slightly alkaline, but less so than the plasma. It contains

about 90 per cent, of water and has an average freezing point

of - .56° C, but may vary between - .55° and - .57° C. The

substances contained in the serum are chiefly proteids, fats,

lecithin, cholesterin, and salts. Traces of urea, uric acid, cre-

atin, hippuric acid, glucose, glycuronic acid, glycogen, and pig-

ment are also found. Hammarsten gives the following table:

Total solids 92.1

Total proteids—Globulin 31.

Albumin 45.2 76.2

Lecithin, fats, cholesterin, etc 7.

1

Inorganic salts 8.

8

Water 907.

9

The serum albumin of the blood appears to be a single sub-

stance except for a variation observed by Halliburton in the points

of heat coagulation ; that is, serum albumin a coagulates at 73° C.

;

^ at 77° C.
; y at 85° C. The globulin, however, contains two, or

possibly four groups of substances, separated by their precipitation

limits with ammonium sulphate and by their solubilities in water. ^

The two main groups into which globulin may be divided are

euglobulin and pseudoglobulin. Both are precipitated wholly by

saturation of the fluid containing them with magnesium sulphate

or by half saturation with ammonium sulphate; reactions which

are used to separate them from serum albumin. The euglobulin,

however, is wholly precipitated by one-third saturation, or what

is more convenient, by adding to the euglobulin solution one-

third of its bulk of a saturated ammonium sulphate solution.

The euglobulin and the pseudoglobulin can each be separated by

dialysis into a substance soluble in water, and one soluble only

in dilute salt solutions, the latter being precipitated as the salts

pass through the dialyzing membrane.

Especial interest in these substances is due to the fact that,

as Pick and others have shown, the pseudoglobulin group has

associated with it in the blood the antitoxins of diphtheria and

tetanus. In other words, if blood serum containing either of

these antibodies is precipitated by one-third saturation, the pre-

cipitate contains but traces of the antitoxin, while the further

^ Freund u, Joachim: Zeit. f. phys. Chem., Bd. xxxvi, 1902, p. 407.
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precipitate produced by half saturation carries down a large part

of the antitoxin.

No albumose is present normally, but in leukaemia consider-

able quantities have been demonstrated.

Inorganic substances are chiefly sodium chloride, which is

regularly present in 5.5 parts to one thousand.

Variation in the composition of the blood under physiological

conditions is very slight and of no practical importance from

the point of view of diagnosis. It is even very difficult to alter

the relation between the water, salts, and other substances by the

injection of large quantities of saline solutions or of water, the

excess being rapidly excreted by the kidneys.

In anaemia there may be a reduction of the albuminous sub-

stances, which, however, does not take place to any great extent.

In leukaemia, uric acid and the purin bases are often quite abun-

dant, due to the breaking down of a large number of leucocytes.

In gout also it has been shown by some observers ^ that the

amount of uric acid may be increased, though others ^ deny that

there is such increase.

In diabetes there is usually a hyperglycaemia, the amount of

glucose rising to five or even ten grams to the thousand. Occa-

sionally, also, the blood of a diabetic shows very large quantities

of fat, so that it assumes a characteristic milky look. A moderate

increase in this substance is also seen in the obese. The changes

which occur in nephritis will be considered under that subject.

THE TOTAL VOLUME OF THE BLOOD IN THE BODY

The total volume of blood has usually been assumed to be

about one-thirteenth of the total body weight. The methods of

determining this have been to wash the blood from the vessels

by means of salt solution, and then to estimate the amount of

haemoglobin or iron contained in the washings; in this way com-

puting the total bulk of blood in the vessels.

Haldane and Smith^ have obtained different results by allow-

ing a person to inhale a measured volume of carbon monoxide, and

then analyzing a specimen to decide what percentage of haemo-

globin had been saturated by the formation of CO haemoglobin.

^Klemperer: Deut. med. Woch., 1895, p. 655.

^Magnus Levy: Zeit. f. klin. Med., Bd. xxxvi, 1898, p. 366.

3 Journal of Physiology, vol. xxii, p. 231, 1897; vol. xxv, p. 331, 1900.
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The figures obtained are from one-sixteenth to one-thirtieth of

the body weight; obese persons having a much smaller relative

amount of blood than those who are in good health and thin, or

very muscular.

In animals only a small portion of the total mass can be ob-

tained by direct bleeding, often not more than one-twentieth or

one-thirtieth part by weight of the body.

THE VOLUME OF THE RED AND WHITE CELLS

The hsematocrit may be used to determine the bulk of the red

corpuscles in relation to the plasma and indirectly to roughly

estimate their number. The apparatus consists of a light, high-

speed centrifuge, driven either by electricity or by hand, and carry-

ing two small, graduated tubes of narrow caliber, open at each end.

A large drop of blood is obtained and the tube filled by capillary

action or by gentle suction through a short rubber tube provided

for the purpose. The greased tip of the finger is placed over one

end of the tube while the rubber mouthpiece is being removed,

and the tube is quickly adjusted between the springs of the revolv-

ing arm. A similar tube filled with water or blood is placed on the

opposite arm to counterbalance the weight of the blood-filled

tube and allow the machine to run smoothly and without jarring.

The small rubber pads which fit over the ends of the tube should

be greased with vaselin to make a tight joint, as otherwise the

blood will run out on the first few revolutions of the machine.

Speed is necessary in all these manipulations, ai the blood very

quickly clots in the tube, and it is not advisable to use an oxalate

or oil in the tube to prevent clotting. The only way to avoid this

accident is by speed in preparation and by using only absolutely

clean tubes. ^ The machine is then run for three minutes at a rate

of eight to ten thousand revolutions, when the column of blood

will be found to have separated into a layer of plasma and one of

corpuscles, the latter occupying in normal conditions about forty-

eight to fifty-two of the one hundred divisions of the tube, the

lower figure being the average for women, the higher for men;

in other words, under normal conditions the red cells are about

half the bulk of the blood. The white cells, being specifically

lighter, remain at the centripetal end of the tube as a faint gray

blur, measuring only about one division of the tube. Each

* See directions for cleaning haemocytometer pipettes, p. 44.

3
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graduation has been found to be equivalent to about one hundred

thousand corpuscles; but considerable errors are introduced in

the investigation of blood from cases of severe anaemia by the

variations in the bulk of the individual corpuscles from the normal

and in leukaemia by the large number of leucocytes, which do not

separate completely from the red cells, and hence obscure the

reading of the exact point where the red column ceases. The

machine is chiefly valuable as a method of determining the bulk

of the corpuscles, and the relation between their number and

volume, which may be designated, as suggested by Capps,^ the

'Volume index.'' This is obtained by dividing the volume, in

per cent., by the number of corpuscles, also in per cent.

Aspelin ^ has recently made a study of the results of hsematocrit deter-

minations compared with hsemocytometer estimations of the red cells and

haemoglobin determinations by the Fleischl-Miescher and Tallqvist hsemo-

globinometers. The results show that the determinations offer a rough

approximation to the total number of red and white cells, but that the

method can by no means replace the more accurate results furnished by the

Thoma-Zeiss and Fleischl-Miescher apparatus. For example, in one case

of chlorosis, in which the count was 4,420,000, the hsematocrit determina-

tion was thirty-seven, corresponding to 3,700,000 red cells, the Fleischl-

Miescher showed fifty per cent, of haemoglobin and the Tallqvist seventy

per cent. The specific gravity was 1.045. The bulk of the red cells

was evidently greatly diminished, as is usual in chlorosis.

HAEMOGLOBIN AND ITS DERIVATIVES

The blood which is obtained for diagnostic purposes is usually

from the small capillaries of the ear or finger, and not either pure

arterial or venous blood. It therefore has characteristics belong-

ing to both varieties. Its oxygen content is not so high as that

of pure arterial blood, nor so low as that of venous blood. The

color is due in part to oxyhsemoglobin, in part to haemoglobin,

for both are present in capillary blood. In arterial blood there

is but little haemoglobin and much oxyhaemoglobin ; in the blood

from the right heart haemoglobin is most abundant, while oxy-

hsemoglobin is almost entirely absent from the blood of asphyx-

iated persons. The presence of oxyhaemoglobin in the circulating

1 Journal of Medical Research, 1903, N. S., vol. v, p. 367. An excellent

study of the methods and results of the examination of blood from a number of

cases of ansBmia.

2 Zeit. f. klin. Medicin., Bd. xlix, 1903, p. 393.
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blood can be easily demonstrated by examining the spectrum of

the light reflected from the hand, or between the closed fingers

when illuminated by sunlight. If a finger is constricted the two-

banded oxyhsemoglobin spectrum fades and is replaced by the

single band of reduced haemoglobin. The haemoglobin of the blood

in health is contained in the red corpuscles, ninety-four per cent, of

the organic matter of the red cell being in this form of proteid,

the remainder of the corpuscle being composed of an albuminous

stroma, with small quantities of lecithin, cholesterin, and inorganic

salts. Two views are current concerning the structure of the

stroma : one that it is a spongy mass with fluid haemoglobin in its

interstices; the other that the cell is vesicular with a colorless

external envelope enclosing the fluid haemoglobin. The latter

view is rendered probable by many facts observed in the study

of blood pathology. When blood corpuscles are treated with a

sufficient amount of distilled water, the haemoglobin is extracted

and forms a deep red solution from which the stromata may be

separated by the use of the centrifuge.

Haemoglobin {reduced hcemoglohin) is a crystallizable proteid,

peculiar in its large iron content, which amounts to .42 per cent,

by weight of the dried substance. Chemically, haemoglobin be-

longs to the group of histons, being a compound of one of the

histon group, glohin, with the iron-bearing substance, hcematin.

Its most important property is the power which it possesses to

form a compound with oxygen, called oxyhaemoglobin, and to set

free this oxygen again when the oxygen partial pressure is re-

duced. Upon this oxygen-carrying power is based the following

test for haemoglobin or its derivatives, such as methaemoglobin

and haematin.

Guaiac Reaction for Blood Pigment.—Aqueous solutions of

fresh blood when mixed with a few drops each of fresh tincture

of guaiac and ozonized turpentine give a brilliant blue at the

point of contact of the two fluids. This is due to the action of

the blood pigment as an oxygen carrier to the guaiac. Many
other substances give the same reaction : notably, unheated milk,

fresh vegetables, especially potatoes, ferments, pus, and saliva.

A number of inorganic salts are also capable of bluing guaiac,

among them the bromides and iodides, silver, iron, and copper

compounds. The reaction with copper is especially delicate, and

it is important to remember that the slight coating of copper
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oxide which remains in a test tube after a Fehling's reaction for

sugar may give rise to the guaiac reaction. The guaiac tincture

should always be freshly prepared by dissolving a little powder

in alcohol, but should not be stronger than four per cent., while

the turpentine should be exposed for several days to light and air

in a shallow dish. The reaction of the mixture should be faintly

acid, using acetic acid, not an inorganic acid.

Instead of guaiac, an extract of Barbados aloin in dilute alcohol

may be used,^ the only advantage being that the aloin reaction is

less influenced by an acid reaction of the blood to be tested, as, for

example, in stomach contents. The color produced when blood

is present is a bright cherry-red, which should appear in five to

ten minutes. For further details, see under Stomach Contents

and Faeces.

The deep red color of haemoglobin makes possible its quanti-

tative determination by colorimetric methods by comparing a

solution of known dilution with a standard fluid or colored glass

of the same tint. One hundred per cent, is considered normal

and corresponds to fourteen per cent, of haemoglobin by weight,

which is the amount contained in normal blood; but, clinically,

considerable variations are frequently seen, from eighty per cent.,

which is the average reading of a specimen from the females of

the poorer classes, to one hundred and ten per cent., which may
occasionally be seen in especially robust, healthy men. The ab-

sorption spectrum of haemoglobin in dilute solutions is a broad

band in the yellow-green portion of the spectrum, extending from

a little to the red side of D nearly to E. Oxyhaemoglobin, on the

other hand, shows two bands, both included between D and E,

the one toward the green end of the spectrum being slightly

broadej and less sharply defined. (See Fig. 2, p. 13.)

Methaemoglobin.—When urine containing haemoglobin is al-

lowed to stand for a short time, the color darkens somewhat and

the spectrum shows, besides bands closely corresponding to those

of oxyhaemoglobin, a well-defined band in the orange between

the lines C and D. As the urine ferments and the reaction becomes

alkaline, the two bands corresponding to oxyhaemoglobin become

more marked, while the band in the orange fades so that it may
escape notice unless carefully looked for. In acid solutions four

^ Schdr : Arch. d. Pharm., Bd. ccxxxviii, 1900; also Rossel : Deut. Arch. f.

klin. Med., 1903, Bd. Ixxvi, p. 505.
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bands can be seen nearly identical with those of acid hsematin.

This altered haemoglobin is found in small quantities in bloody-

urine which has been exposed to the air, or in the blood and urine

Oxyhsemo
globin

Haemoglo-
bin

(reduced
Haemoglo-

bin)

Carbon
monoxide
Haemoglo-

bin

Photomet
haemoglo-

bin

Fig. 2.

—

Absorption Spectra of Hemoglobin and its Derivatives.

of those poisoned with potassium chlorate, the nitrites, phenacetin,

etc. It is most easily produced for demonstration purposes by

adding to an aqueous solution of haemoglobin a little potas-
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slum ferricyanide, when the characteristic spectrum will imme-

diately appear. The exact chemical position of methsemoglo-

bin is not yet clear, except that it is very closely related to

haemoglobin.

Haematin.—The haematin component of haemoglobin is sepa-

rated from the globin by treating haemoglobin with acids or alka-

lies. The resulting product differs in its spectroscopic charac-

teristics according to whether haemoglobin or oxyhaemoglobin is

employed. In the first case, the product is known as reduced

hcematin or hcemochromogen, in the second, as haematin. Both of

these substances are formed when blood is decomposed in the

body ; for example, by action of the gastric or intestinal secretions

on blood which may be present in the upper portion of the intes-

tinal tract, or by the autolytic processes which take place in old

haemorrhagic exudates, best seen in the contents of ovarian cysts

into the lumen of which a considerable quantity of blood has been

extravasated. Haematin as thus obtained is a dark brown powder

or a black tarry substance, the first form being that usually seen

in vomitus and old haemorrhages; while the tarry masses are

found in the stools and are composed of a mixture of haematin

with unaltered blood or mucus. Pure haematin is a dark brown

powder which is insoluble in water, alcohol, ether, or chloroform.

It dissolves in acidulated alcohol or ether, and in dilute solutions

of the alkalies. Solutions may also be obtained by the use of a

saturated solution of chloral hydrate or of a 10 per cent, potas-

sium cyanide solution, or a mixture of equal parts of alcohol

and formalin.

The recognition of haematin and many of the medico-legal

tests for blood are dependent upon the characteristic absorption

spectra which are given by solutions of haematin, by the power

which haematin possesses of transferring oxygen catalytically, as

seen in the oxidation of resin of guaiac in the presence of ozonized

oil of turpentine, and finally in its ability to form characteristic

crystals with chlorine, bromine, or iodine.

(a) Spectroscopic Tests for Hcematin.—It has been shown by
Arnold^ that there are three possible modifications of haematin.

a neutral, an alkaline, and an acid, with spectroscopic differences.

^Arnold: Ein Beitrag z. Spektroskopie des Blutes. Zeit. f. phys. Chem.

Bd. xxix, 1900, p. 78.
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The acid and alkaline varieties are of chief interest from a diag-

nostic aspect.

Alkaline hcematin may be produced for the purposes of demon-
stration by heating ten c.c. of blood which has been diluted five

times, with one c.c. of strong sodium hydrate. The resulting

solution is at first a cherry-red, but changes to a greenish-brown.

Spectroscopic examination shows a general absorption of all

colors except a portion of the red end. If the solution is diluted

with water, a broad, ill-defined band appears in the orange between

the lines C and D, the faint border extending to the green side of

the D line. The spectrum of reduced alkaline hsematin or hsemo-

chi:omogen is more characteristic, and may be produced by adding

Fig. 3.

—

Simple form of Hand Spectroscope sufficient for all Tests given

IN THE Text.

a few drops of ammonium sulphide or of Stokes 's solution to the

alkaline hsematin. The spectral bands are two in number and lie

in the region between the lines D and E, as do those of oxyhsemo-

globin, but extending slightly toward the blue side of the E line.

The band toward the blue end of the spectrum is fainter, broader,

and less well-defined than that toward the red end.

The spectrum of acid hcematin may be obtained by shaking

blood or a fragment of a dried blood-clot with alcohol or ether

which has been acidulated with either glacial acetic acid or a

small quantity of strong sulphuric acid. A brown tint to the

extract is strong presumptive evidence of the presence of blood

pigment, but it should be further tested with a spectroscope. If

the ethereal extract forms an emulsion, a clear solution may be
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obtained by the addition of some fresh ether or of a Httle strong

alcohol. The absorption spectrum is composed of four bands,

one each in the red, in the yellow, between the yellow and the

green, and between the green and the blue. Under ordinary con-

ditions the band in the red is the only one which is well marked.

Chlorophyl, which may be present in the vomitus or the faeces,

gives the same absorption spectrum so that it is well to add to the

C li E b F
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Hsematin
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Hsematin

Alkaline
Hsematin

Acid Hsem-
atopor-
phyrin

Alkaline
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porphyrin
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Fig. 4.

—

Absorption Spectra of Hemoglobin and its Derivatives.

ethereal extract some alcohol and a little sodium hydrate solution

and then some ammonium sulphide. Under these conditions the

spectrum of hsematin changes to that of reduced hiematin, which

gives two bands between D and E resembling those of oxyhsemo-

globin, as stated above, but a little more toward E, the edge of the

band toward the blue overlapping the E line. Chlorophyl does

not give this change in its spectrum on the addition of a reducing

agent. Occasionally, especially in old cyst contents, the hsematin
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will not dissolve in acid alcohol or ether. If so, the presence of

blood pigment may be determined by dropping some of the brown-

ish deposit into about ten c.c. of strong sulphuric acid, when if a

haemoglobin derivative be present, a purple solution of hsemato-

porphyrin will be produced with characteristic spectral bands.

^

Boiling with a 50 per cent, sodium hydrate solution will also dis-

solve the hsematin masses.

(b) Oxidation Tests for Hcematin.—The method is the same as

for haemoglobin, except that as hsematin is insoluble in water it

is necessary to obtain an ethereal or alcoholic extract. If the

turj)entine and guaiac are then added to the acidified extract the

ether will assume a beautiful purple color from the oxidation of

the resin.

(c) Crystallographic Tests for Hcematin.—One of the important

properties of hsematin is its capacity to form crystals of a char-

acteristic morphology with the haloid elements. The crystals so

formed are known as hsemin, and the test is called Teichmann^s,^

from its discoverer.

The exact composition of hsemin is still unknown. It has

been generally assumed that the halogen acid was definitely

combined with the hsematin molecule to form an ester, but re-

cently it has been shown that the acid can be largely removed

from the crystals by prolonged washing, and it is therefore prob-

ably in combination with the iron of the haimatin molecule. The
technique of Teichmann 's reaction is as follows : A small particle

of the suspected material is placed on a slide and if moist is gently

dried over a water bath or a small flame, great care being taken

not to char the specimen. A small crystal of sodium chloride or

iodide is added, though this addition is not usually needed in

stomach contents or faeces, there being enough of the chlorides

present to furnish hydrochloric acid. A drop of glacial acetic acid

is then placed on the mixture and the preparation covered with a

large cover glass to prevent too rapid evaporation of the acid.

The slide is then gently heated on an asbestos plate or over a very

small flame for some minutes, and then brought just to the boil-

ing point, fresh acid being added as evaporation takes place.

If the fluid assumes a brown color, it shows that the action of

* Kraiter : Vierteljhschrift f . gericht. Med., 1892, p. 62. See also Hammerl

:

ibid., p. 44.

2 Teichmann : Zeits. f. ration. Med., 1853, p. 375 ; 1854, p. 43 ; 1856, p. 141.
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the acid has set free hj^drochloric acid from the sodium chloride,

and that the HCl has united with the blood pigment present to

form hsemin. The acid under the cover glass is then allowed to

evaporate slowly and is replaced by water or glycerin. The prep-

aration is then examined with a power of about three hundred

diameters for the small brown or black rhomboidal crystals of

hsemin.

The test is very easy to carry out with fresh blood or with fresh

hsematin, but with old blood stains, especially those which have

been in contact with iron rust, quicklime, lead, or silver salts, it

is often impossible to obtain characteristic crystals. Prolonged

putrefaction of the blood, and, according to the writer's expe-

rience, the addition of preservative fluids to the specimen prevents

the production of hsemin, although Robert ^ and others state

that blood hardened in formalin always gives beautiful Teich-

mann's crystals. The fat and other substances contained in vom-

ited matter often interfere with the test, and it may be advan-

tageous to treat the specimen with ether, though usually some care

in selecting a small blood-clot or mass of hsematin without food

contamination will obviate the difficulty. If the ordinary rapid

method of heating fail, it is sometimes possible to obtain good

crystals by allowing the slide to remain for some hours after the

first boiling at a much lower temperature; for example, such as

can be obtained by allowing the slide to rest on a steam radiator.

The difficulties which attend the production of hsemin crystals

are much lessened by a method devised by Strzyzowski.^ The
reagent, which should always be freshly prepared, contains glacial

acetic acid, water, and alcohol, one c.c. each, to which is added

three to five drops of hydriodic acid of a specific gravity of 1.5.

The substance to be tested is dried on a slide and covered with a

cover glass. The reagent is then added, and the slide heated over

a small flame for about ten seconds. The fluid should be replaced

as fast as it evaporates and brought just to the boiling point. The
heating may be repeated if no crystals be obtained at the first

trial. The crystals formed are much darker than those containing

chlorine, and those from old blood are very small and need a power
of three hundred diameters for their recognition. The test is a

* Robert : Wirbeltierblut in Mikrokristallographischer Hinsicht, Stuttgart,

1901, p. 55. Broivicz : Virch. Arch., Bd. clxii, 1900, p. 373.

2 Strzyzowski : Therap. Monatshefte, 1902, p. 459.
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more delicate one for blood than the Teichmann test, as it

will show one two-thousandth of a milligram, while the older

method ceases to give constant results at one four-hundredth of a

milligram of blood.

Carbon Monoxide Haemoglobin.—The haemoglobin of the blood

is capable of uniting with other gases beside oxygen, notably

carbon and nitrogen monoxides. The compounds so formed are

much less easily dissociable than oxyhsemoglobin ; and therefore,

in poisoning by these gases, the resistant compound takes the

Fig. 5.

—

H^min Crystals. Strzyzowski Method.

place of the respiratory oxyhsemoglobin, and death may result

from what is practically suffocation due to lack of oxygen in the

circulation. It is possible to remove the CO or NO from its com-

bination with the haemoglobin by shaking for some time with free

access of air, or in the human body, by artificial respiration. The
color of the blood of persons suffering from acute poisoning after

the inhalation of large quantities of illuminating gas, or the gases

from stoves, or fumes of charcoal, is a distinct cherry-red, and

this change is to be noted in both the venous and arterial blood.

A rapid diagnosis can sometimes be made by comparing a
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drop of the patient's blood with a drop taken from a normal
person and observing the difference in color, but it is usually

necessary to resort to chemical tests, for small quantities of CO
do not cause sufficient alteration in the color to permit of a diag-

nosis; and it is also important to remember that the CO-hsemo-

globin may disappear from the blood in a few da^s or even

hours, so that a prompt examination should always be made.

Occasionally, however, the CO-hsemoglobin persists for as long a

period as a week, and it can often be demonstrated in the blood

after death.

^

The more reliable tests are the following:

(a) Spectroscopic.—The absorption spectrum of CO-hsemoglo-

bin resembles that of oxyhsemoglobin, except that the two bands

are shifted slightly toward the violet end of the spectrum, and that

they do not become fused into a single band when the solution

is treated with a reducing agent such as ammonium sulphide or

Stokes's reagent. The method is as follows: Obtain a small

quantity of blood by puncturing the finger, and dilute with ten

volumes of distilled water. Then add considerable quantities

of the reducing agent, cork the test tube, and after the solutions

have stood for a few minutes examine for two bands between D
and E, using a faint illumination. The position of these bands

should be compared with pure CO-hsemoglobin, which can be easily

prepared by passing illuminating gas for two minutes through a few

cubic centimeters of diluted blood in a test tube. Small quantities

of CO-hsemoglobin can not be detected by this method, for the

dark band of reduced hsemoglobin obscures the two faint bands of

the CO-hsemoglobin and prevents their recognition. The limit is

about 20 per cent, of CO-hsemoglobin; smaller amounts than this

can not be detected in the blood by the spectroscope.

(h) Chemical.—(1) Sodium Hydrate Test.—The blood is diluted

with twenty parts of water, and an equal bulk of a 30 per cent,

solution of sodium hydrate is added. If the blood contains any

CO-hsemoglobin, the precipitate formed will be first whitish and

then bright red. A control tube of normal blood gives a dirty

brown precipitate. ^ After standing for some time the character-

istic color disappears.

^ A valuable monograph on this subject is W. Sachs : Die Kohlenoxid-Ver-

giftung, Braunschweig, 1900.

2 Salkowski : Zeit. f . phys. Chemie., Bd. xii, 1888, p. 227.
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(2) Tannin Test.^—The blood to be tested for CO-hsemoglobin is

divided into two portions and diluted with four parts of distilled

water. The two solutions are then placed in two small flasks or

large test tubes, and twenty drops of a 10 per cent, potassium

ferricyanide solution are added to change the haemoglobin into

methsemoglobin. Both solutions are allowed to stand for a few

minutes, and then both are corked and one is shaken thoroughly

for ten to fifteen minutes, occasionally removing the cork to allow

free access of air. A few drops of yellow ammonium sulphide are

then added to each flask, five to ten are usually sufficient. Now
ten c.c. of a 10 per cent, solution of tannin are added to each

flask. The one from which the CO-hsemoglobin has been removed

by shaking will show a dirty olive-green precipitate, while the flask

which has not been shaken and still contains CO-hsemoglobin will

show a bright-red precipitate which is characteristic of CO-hsemo-

globin. This is a more delicate test than that with the spec-

troscope and will give a reaction when the blood contains only

5 per cent, of CO-hsemoglobin,

(3) Test of Katagama.2—One c.c. of the blood to be tested is

diluted with fifty c.c. of water. Ten c.c. of this solution are

mixed with .2 c.c. of yellow ammonium sulphide solution and then

.2 to .3 c.c. of 30 per cent, acetic acid added, or a sufficient quan-

tity to make the reaction faintly acid. The contents of the tube

are then mixed by inverting it once or twice. Normal blood gives

a grayish green color. If 20 per cent, of CO-hsemoglobin, or,

in favorable cases, 15 per cent., be present, the fluid will show
a more or less marked rose color, and in twenty-four hours a

reddish precipitate.

The air of the rooms suspected to contain CO can be tested by
exposing strips of filter paper which have been soaked in a neutral

solution of palladium chloride and dried. The solution should

contain 2 milligrams of PdCl2 to one hundred c.c. of water.

Before exposing, the strip should be moistened. Air containing

two parts of CO in ten thousand will blacken such a test paper

in a few minutes. The test is of especial importance in poison-

ing from' stove gases where there is no odor to guide in the

diagnosis.

* Wachholz u. Sieradzki : Zeits. f. Medicinalbeamte, Bd. x, 1897, p. 269.

' Virchow's Archiv, Bd. cxiv, 1888, p. 53.
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Cyanogen Compounds.—In testing for blood in old stains,

when the insoluble hsematin is dissolved by means of potassium

cyanide, the solution thus obtained gives an ill-defined, broad

band in the yellow-green portion of the spectrum extending from

A. 578 to A 527 or to E. This spectrum is that of cyanhaematin.

When this solution is reduced by ammonium sulphide, cyanhsemo-

chromogen is produced, with a spectrum whose bands resemble

very closely those of hsemochromogen but are more toward the

red and do not touch the E line. The wave lengths of the two

bands correspond to A 577-562 and A 548-532. In cases of

poisoning by hydrocyanic acid or a cyanide, the blood pigment

in the walls or lumen of the stomach shows this spectrum when the

solution is reduced by treatment with ammonium sulphide. ^

Methcemoglobin when acted upon by a cyanide also gives

a broad-banded spectrum almost identical with that of cyan-

haematin. The same substance is produced when a methsemoglo-

bin solution containing a ferricyanide is exposed to sunlight, the

action of the light on the salt setting free hydrocyanic acid. For

this reason the brown pigment produced has been called photo-

methsemoglobin.

Haematoporphyrin is a derivative of haemoglobin which contains

no iron and forms a dark brown powder insoluble in water, but

solutions can be obtained by the use of strong alkalies or acids.

It is chiefly of interest in connection with its appearance in the

blood and urine in poisoning by sulphonal, and its identification

will be treated of under that head. Acid haematoporphyrin is

easily obtained for the purpose of studying its absorption spec-

trum, by adding five drops of blood to ten c.c. of strong sulphuric

acid.

The demonstration of the spectrum of haematoporphyrin is of

great value for the medico-legal identification of blood. Frag-

ments of blood which have been exposed to sunlight or which

have been heated or dried for a long time are often with difficulty

soluble in water, alkalies, or potassium cyanide. In such cases, if

a small fragment of the suspected material, mixed with a few drops

of concentrated sulphuric acid, be crushed between two thin glass

slides and the transparent fluid examined either with a direct

vision spectroscope or by a micro-spectroscope, it is often possible

^Ziemke u. Muller: Arch. f. Anat. u. Phys., Supplement-Band, 1901, p. 177;
also Marx : Viert. f. ger. Med., Bd. xxvii, 1904, p. 300.
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to demonstrate the bands of haematoporphyrin when other meth-

ods for the recognition of blood fail.^ If the blood is mixed with

a large quantity of organic matter, such as paper, shavings, or is

on walls or in earth, the dark solution which results from the char-

ring caused by the acid will obscure the spectral bands. Ipsen^

has suggested the addition of fresh acid or dilution of the solution

with acid. This, however, is not always successful. Ziemke ^ has

therefore suggested the following modification: The suspected

material is pulverized, and after mixing with a few c.c. of con-

centrated sulphuric acid is allowed to stand for twenty-four hours.

The dark liquid is filtered through glass wool or asbestos, which

requires considerable time as the fluid is thick. The filtrate is

poured into a large quantity of distilled water and neutralized

with strong ammonia. A brown precipitate of haematoporphyrin

is formed which rapidly settles and is washed several times by
decantation. The dried residue is dissolved in a mixture of

equal parts of absolute alcohol and strong ammonia water and

filtered. The clear brown fluid shows the four-banded spectrum

of haematoporphyrin in an alkaline solution. By treatment with

sulphuric acid the spectrum of haematoporphyrin in acid solutions

can be produced, but it is faint and not so easily seen as the alka-

line spectrum.

Haematoidin is a substance found in old blood-clots, in haemor-

rhagic exudates, especially in thyroid and mammary cysts, in

sputum and in faeces when there has been transudation of blood

into the lung or intestine. It is identical with bilirubin and gives

the color reactions of that substance. It occurs in small irregular

masses, in rhombic plates, or in bundles of needles. Haematoidin

is derived from the haemoglobin of the blood by changes which

can be well observed in a subcutaneous exudate, such as an ecchy-

mosis.

QUANTITATIVE ESTIMATION OF HEMOGLOBIN

Fleischl Haemoglobinometer.—The instrument most often used

for this purpose is that devised by Von Fleischl, which is quite

sufficient for all clinical purposes. Greater accuracy can be

1 Kratter : Viert. f . ger. Med., Bd. iv, 1893, p. 63.

2 Viert. f. ger. Med., 1900, Bd. xx, p. 1.

3 Ziemke : Forensisehen Blutnachweis. Preus. med. Bearat. Zeit, 1900 ; also

Viert. f. ger. Med., Bd. xxii, p. 231, 1901.
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obtained by using certain modifications of the apparatus, as

suggested by Miescher.

The simple form of the Fleischl model will first be described.

It consists essentially of a cell to contain the haemoglobin solution,

which can be placed over a circular hole on the stage of the instru-

ment, and a colored glass wedge for comparison with the diluted

blood. Light from a candle or small gas flame is reflected by a

plaster of Paris reflector through a cell. The latter has two

divisions—one to be filled with the diluted blood; under the

other passes the wedge of red glass so arranged as to be movable

along a scale by means of a rack and pinion. The diluted blood

and the standard glass scale are thus directly compared and the

amount of haemoglobin read off from the scale, which is calibrated

in percentages.

To use the instrument, fill both sides of the cell about half full

of distilled water or yl^ per cent, sodium carbonate solution. (Oc-

casionally, when using sodium carbonate solution as a diluting

fluid, the resulting mixture will not be transparent; this is due

to the presence of bicarbonate in the solution.) The small capil-

lary pipette is then fiUed with blood. As a rule, this is easily done

by simply touching the end of the pipette to the drop on the end

of the finger, but if the inner surface is not perfectly clean the

blood may refuse to run in; in this dilemma, if the end of the

pipette be kept inside the drop and the open end of the tube gently

tapped against the finger, the blood will be pushed into the cap-

illary by a few strokes. The capillary tube should be carefully

filled, so that the blood is just flush with the end of the tube.

The column should be neither convex nor concave. If too full,

wipe off with the dry finger. Blotting paper should not be used,

as it removes serum and leaves the corpuscles—i.e., concentrates

the blood in the tube. The outside of the tube should also be

carefully cleaned from any adherent blood, and then the pipette

dipped into one compartment of the chamber and rapidly shaken

back and forth to wash out the blood. If any clots are seen

floating about in the fluid, the whole process should be again

carried out.

Wash out the pipette into the cell by forcing a few drops

of water through it with a medicine-dropper, and with the latter

fill up both sides of the chamber with water or sodium carbonate

solution. The cell should be exactly filled and then stirred with
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the pipette handle in order to thoroughly mix the haemoglobin

solution. Neither a convex nor a concave meniscus should be

present on the surface of the fluid in the cell.

After the latter has been placed in the aperture on the stage,

the light is adjusted so that it falls on the mirror—not from in front,

but from either the right or the left. The adjustment of the mirror

to this position sometimes necessitates loosening the screw by
which it is held. The reason for this position of the mirror is that

the light reflected through the two halves of the cell should come

from exactly the same distance on the mirror and from an equally

illuminated surface.

When used in the ordinary way, with the mirror facing the

front of the machine, the glass wedge obtains its light from the

upper and posterior surface of the mirror, which may be half a

centimeter nearer than that which furnishes light for the blood-

filled side of the cell, whereas by receiving the light on a surface

whose direction is that of the long axis of the wedge each half of

the field is illuminated by light from equidistant points. This

precaution is necessary, however, only when very exact results are

desired.

The cell should also be so arranged that the light from each

half strikes the two halves of the retina; that is, we should face

the light, for, though the two lateral halves of the retina are un-

equally sensitive, yet the upper and lower halves are relatively

even more unequal, and by alternating eyes, we can examine each

half of the field with the nasal retinal field in one case and the

temporal in the other, thus diminishing the error.

The whole apparatus should be either in a dark room or in a

blackened box with a curtain to keep out any extraneous light.

To avoid the glare of the candle it is well to use a short pasteboard

tube over the cell and look directly through it. Use only a mod-
erately bright illumination. Judgment for red is very variable

in different people, and the color rapidly fatigues the retina. The

best way to obviate errors from these sources is to use little light

and to alternate in the use of each eye; or, what is better, to use

both eyes and rest them every few seconds, preferably by looking

at something green, the complementary color to red, thus increas-

ing the sensibility to the latter color. The milled head should be

moved by quick turns, never slowly, as then the gradual change

in the color is lost to the tiring retina. A quick turn, on the other
4
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hand, gives a rapid change of color, and through a considerable

range, so that the eye readily notes the alteration in color depth.

Narrow the field of the instrument by a piece of cardboard or

blackened brass, with a slot cut in it about four millimeters in

diameter.

In case of low readings, use two or even three pipettes full and

divide the result by two or three. With all possible precautions

the errors incident to the measurement of the blood in the capillary

and the reading of the scale, which is accurate only for a limited

central portion of the wedge, amount to at least 5 per cent. A
low retinal color sensibility for red may add 5 per cent. more.

Fleischl-Miescher Haemoglobinometer.—To avoid certain of

these errors, Miescher has so modified the original Fleischl haemo-

globinometer as to make it an instrument of great precision. Its

disadvantages are that it is more troublesome to use, is more bulky^

and more expensive than the other form.

The main points of improvement are as follows:

Special care is taken in the selection of the glass color wedge,

so that, under proper conditions of illumination, it may correspond

as closely as possible in color to the diluted blood. The inaccuracy

inherent to the use of the small capillary pipette is obviated by
employing a mixing pipette similar to that used with the Thoma-
Zeiss hsemocytometer. By the use of this pipette, small errors,

such as arise from any inequality in the concentration of the solu-

tion in the cell or the formation of small clots about the ends of

the capillary tubes, are avoided. The graduation of the pipette is

also an improvement on the older method of divisions from .1 to 1.

The marks are i, f , and 1, corresponding to dilutions of 1 to 400,

1 to 300, and 1 to 200. Above and below each of these main divi-

sions are two marks, each corresponding to one one-hundredth of

the contents of the capillary tube. If now the blood column should

be drawn up a little too far, or not far enough, the distance can

be read off and the final result increased or diminished by a corre-

sponding amount, thus saving much time in the adjustment of the

blood column. The tip of the pipette is polished so that the lower

end of the column of fluid can be seen, a frequent source of error

being the removal of a millimeter or so of the blood in the lower

end of the capillary while cleaning off the extraneous blood pre-

paratory to drawing up the mixing fluid. As now we have blood

of a fixed dilution, the small cells can be filled with the mixture
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and capped with glass plates, regardless of the loss of a few drops

of the fluid, while in the old method any loss in the fluid contents

of the cell invalidated the result. Two cells are provided, one

15 millimeters high, the other 12 millimeters or four-fifths of the

first. Both of these can be filled from the contents of a single

mixing pipette, and by reading each, a different portion of the

scale is used and another source of error removed. It is best to

make ten readings from a given specimen of blood and take the

mean of the result.

If a large number of leucocytes be present, the fluid may be

Fig. 6.

—

Fleischl-Miescher H^moglobinometer.

turbid and the exact readings in doubt. In such a case, the

diluted blood should be centrifuged to remove the leucocytes

before filling the chambers. With care and good color vision,

the readings on this improved instrument can be relied on as accu-

rate to within 1 per cent. A table goes with each instrument

which gives the absolute amount in milligrams of haemoglobin

corresponding to a given point on the scale, so that instead of

using the rather indefinite percentages based upon average nor-

mal blood, the results may be given in grams of haemoglobin

per one hundred c. c. of blood. For the accurate scientific esti-



28 THE BLOOD

mation of the hsemoglobin content of the blood this instrument

is invaluable.

1

Gowers's Haemoglobinometer.—This cheap and simple instru-

ment is much used in rough clinical work, and while its results are

often inaccurate to 15 per cent., yet its compactness and ease

of working have contributed to the favor with which it is still re-

garded by many clinicians. It consists of a small glass tube con-

taining a standard picrocarmine solution of such a depth that it

Fig. 7.

—

Sahli H^moglobinometer.

corresponds to a 1 per cent, solution of normal blood. A com-

parison tube graduated in ten parts is used as a container for the

diluted blood. Twenty cubic millimeters of the blood are meas-

ured off by a pipette and blown into the graduated tube, which

should contain a little water. The standard tube and the com-
parison tube are then held before a piece of white paper and
water gradually added from a medicine-dropper until the blood

column to be tested is of the same color as the standard. The

^ See Jaquet : Corr.-Bl. f . Schw. Aerzte, 1897, pp. 129 and 164 ; and Veillon :

Arch. f. Exp. Path. u. Pharm., Bd. xxxix, 1897, p. 385.
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per cent, of haemoglobin is read off from the graduations of the

tube; if the column stands at the mark 100, then the amount of

haemoglobin is normal. A serious objection to this instrument

is that the color of the standard tube is not permanent but must

be renewed after a year or so.

Sahli Haemoglobinometer.—An improved form of the Gowers

haemoglobinometer has been recently devised by Sahli.^

The comparison fluid which accompanies the apparatus is

made up by mixing twenty cubic millimeters of blood contain-

ing a normal amount of haemoglobin with

ten volumes of decinormal hydrochloric

acid, and diluting so that the solution

has a concentration of 1 per cent. This

fluid is sealed in a small glass tube

which is contained in a hard-rubber

stand with two compartments and a

ground glass screen at the back, so that

the mixing tube is placed under ex-

actly similar conditions as the standard

solution. The transparent brownish fluid

which is thus obtained is quite perma-

nent, and as the blood to be tested is

compared with a solution of the same

tint the accurate estimate of the depth

of color is much more easy than in the

original form of the Gowers instrument.

Twenty cubic millimeters of the blood

to be tested are placed in a small mix-

ing tube to which decinormal hydrochlo-

ric acid has been added to the mark 10

by means of a pipette. The blood re-

maining in the pipette is to be thoroughly removed by suck-

ing up the acid into the pipette and repeatedly blowing out the

mixture until all of the solution is removed. In a few moments
the acid mixture becomes clear and of a dark brown color. Tap
water is then added to the graduated tube until the color of the

blood mixture corresponds exactly with the standard solution of

the acid haematin contained in the comparison tube. When this

Fig. 8.

—

Stand for Com-
parison Tubes of the
Sahli H^moglobinometer.

* Verb. Congress fiir Innere Medizin, 1902, p. 230.
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point is reached the height of the fluid is read off in the mixing tube,

thus giving the haemoglobin in percentages as compared with a

standard quantity of normal blood.

It is better in using the apparatus to turn the mixing tube so

that the graduations are not visible, as it is then much easier to

compare the two colors. The readings may be made either in

daylight or with any sort of artificial light. If special accuracy

is desired, the eye must be screened from extraneous illumination

while the dilution of the fluid is being made.

It is convenient to employ two mixing tubes and to make two

parallel dilutions, the first giving approximate results, then if too

much water has been added to the first, the second can be diluted

more slowly to the exact point. This obviates the necessity of a

second puncture of the finger.

Oliver Haemoglobinometer.—This instrument has been devised

to overcome certain unavoidable errors in the original form of the

Fleischl haemoglobinometer, and is an accurate and compact

instrument ranking next to the Fleischl-Miescher. The apparatus

can be obtained with color scales which can be read in daylight,

and though this is less accurate than the instrument adjusted for

candle-light, yet it is quite sufficient for clinical purposes. The

blood is obtained in a small capillary pipette containing 4.7 cubic

millimeters, a much more practical form than the Fleischl, as it is

made of heavy glass tubing with a large bore so that it can be

easily cleaned by passing a needle threaded with darning cotton

through it. The mixing pipette is provided with a short piece

of rubber tubing on its tip which slips over the end of the capillary

pipette and thus may be used to wash out all blood into the com-

parison cell. The dilution should be made with distilled water

or a tV per cent, solution of sodium carbonate.

The comparison cell is then covered with a slip of glass

of a pale blue color in order to diminish the yellow tint of the

blood and make it correspond more closely with the bluish

pink of the standard disks. These disks are arranged in a

metal holder and rise by steps corresponding to 10 per cent, of

haemoglobin, the lowest being 10 per cent, and the highest 120

per cent. To exclude extraneous light a small collapsible tube

is provided with two apertures at its lower end through which
the colors of the standard disks and of the blood to be examined
can be compared. The disks are first moved along parallel with
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the blood mixture to be tested until an approximate agreement

is reached. To make readings closer than 10 per cent., a series

of riders is furnished, which permit determinations by stages of

2i per cent., or if special accuracy is required, by 1 per cent.

For clinical use one rider is sufficient—namely, that corresponding

to 5 per cent. This enables one, by superimposing the rider on

the'disk, to obtain a color 5 per cent, above that of the standard

overlaid.

Tallqvist Haemoglobinometer.—Tallqvist ^ has recently revived

an old method of determining the amount of haemoglobin in the

blood by publishing a color scale corresponding to the various

amounts of haemoglobin, each shade in the scale being 10 per cent,

higher than the one preceding it, the darkest color being re-

garded as normal and estimated at 100 per cent. The blood is

dropped on a small sheet of special filter paper, a book of which

is bound up with the scale, and after the glazed surface has dis-

appeared by the blood soaking into the paper, the spot is com-

pared with the various shades of the scale until the color is ap-

proximately matched. The per cent, corresponding to this por-

tion of the scale is the amount of haemoglobin in the blood. As a

large number of observations can be made by this method in a

very short time, and as no special apparatus is required and the

readings are made in daylight, it is excellent for rapid estimations

of the haemoglobin as a preliminary to more accurate methods if

a marked anaemia be present. The error of this process is not

less than 10 to 15 per cent., and seems to be much more dependent

upon the ability of different individuals to judge shades of color

than with the Fleischl. Some persons can not obtain even ap-

proximately accurate results; others read more closely than with

the more elaborate forms of apparatus. The color of the tinted

standard areas also varies a good deal, being much lighter in the

books recently lithographed as compared to those originally sent

out in 1900, or the scale as published in the original article. It is

evident that while this simple method is valuable in determining

the presence or absence of an anaemic condition of the blood, it

can not replace the more accurate instruments in determining

small variations in haemoglobin, which are of importance in con-

nection with the diagnosis and treatment of the diseases of the

blood.

1 Zeit f. klin. Med., 1900, Bd. xl, p. 137.
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Dare's Haemoglobinometer.i—This instrument differs from

others in general use in the fact that undiluted blood is directly

compared with a colored glass wedge. The blood to be tested is

allowed to run in between two small glass slides held in a clamp,

and there forms a thin layer which is quite transparent. This

wedge pipette is then inserted in the proper slot in the apparatus.

The focus of the eyepiece is adjusted, the candle which is attached

to the instrument is lighted, and the wedge is rotated by means of

a milled head until the circular area corresponding to the blood

matches exactly the color of the circular area past which the

wedge of colored glass rotates. It is not necessary to use the

instrument in a wholly darkened room, but merely to avoid strong

direct light. The instrument is very useful in rapid determinations

of haemoglobin, but in the writer's hands has not proved as

satisfactory as the Fleischl-Miescher or the Sahli-Gowers instru-

ments. The readings have been lower than those obtained by
the other methods, though Simon 2 states that in his experience

they are higher.

THE IRON CONTENT OF THE BLOOD

The estimation of the iron content of the blood for clinical pur-

poses is accomplished by means of an apparatus known as Jolles's

ferrometer.

The principles of the method are the oxidation and the solu-

tion of the iron of the blood by heating a measured quantity in a

platinum crucible with potassium bisulphate. When completely

oxidized, the contents of the crucible are washed out with hot

water and mixed with one c.c. of 30 per cent, hydrochloric acid

and four c.c. of ammonium sulphocyanide solution containing

7.5 grams to the liter. This combination forms a reddish sulpho-

cyanide of iron, the amount present being determined by com-

parison with a colored wedge of a Fleischl-Miescher hsemoglobin-

ometer. The apparatus is accompanied by full directions for

carrying out the technical process of the procedure, and also by
the standard reagents.

The results of an elaborate series of experiments comparing

the ferrometer with the Fleischl-Miescher hsemoglobinometer ^

^ Philadelphia Med. Journal, 1900, vol. vi, p. 557.

^ Clinical Diagnosis, 1904.

^ Rosin u. Jellinek : Zeit. f. klin. Med., 1900, Bd. xxxix, p. 109.
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have shown that the values obtained by these two instruments

do not regularly correspond. It is possible that the haemoglobin

of the blood contains a variable amount of iron, or that there

are substances in solution in the blood which alter the depth

of color obtained in using the haemoglobinometer. Both instru-

ments give constant results on the same specimen of blood,

but* when applied to chlorotic blood, for example, the ferrometer

may give 50 per cent, of the normal, while the haemoglobin-

ometer gives lower results, in

some cases as low as 20 per

cent. In other cases of the

same disease the haemoglobin-

ometer gives much higher re-

sults than the ferrometer. The

same variation has been found

in pernicious anaemia and di-

abetes, the iron having been

found higher than the haemo-

globin by some observers and

lower by others. In other
words, the ferrometer can not

replace the haemoglobinometer

in our present state of knowl-

edge, though it remains an

instrument capable of furnish-

ing scientific facts of great in-

terest. The diagnosis of the

various types of anaemia must

depend more upon the results

of the haemoglobinometer than upon those obtained by the ferrom-

eter, because the mass of clinical observations on the blood in

anaemia which have accrued in the past twenty years are expressed

in terms of haemoglobin.

Fig. 9.

—

Jolles' Clinical Ferrometer.

DETERMINATION OF THE SPECIFIC GRAVITY OF THE
BLOOD

For clinical purposes two methods have been devised, one of

which gives accurate results with very small quantities of blood.

Schmaltz 's Method.—A small tube of thick glass, both ends

of which are open and carefully polished, is first weighed and
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then filled with distilled water at 18° C, and the weight of the

water determined. Finally, after the tube is again dried, it is

filled with blood obtained either from a vein or from a very deep

puncture in the finger; the ends of the tube are carefully cleaned

off from an excess of blood, and the tube and its contents accu-

rately weighed in a balance. For accurate results the tube

should contain at least two decigrams of blood and the weighing

should be to a tenth of a milligram. The specific gravity of the

blood is obtained by dividing the weight of the blood by the

weight of the water at the same temperature. Evidently this

method is not suited for ordinary clinical work and can only be

carried out in hospitals or laboratories.

Hammerschlag^s Method.—For the practitioner Hammer-
schlag's method gives relatively accurate results and can be carried

out in a few minutes. The apparatus needed is a clean and dry

urinometer jar and some benzol and chloroform. The jar is first

filled with a mixture of the two in such proportions that the

specific gravity is about 1.045 to 1.050.

The finger is then punctured and a medium sized drop ob-

tained (no pressure) and conveyed to the cylinder by means of

an ordinary medicine-dropper, or shaken off directly from the

finger into the fluid. Too small a drop does not rise or fall quickly

in the fluid ; too large a one is easily broken up during the mixing

process. If the drop sinks, add more chloroform; if it rises,

add more benzol. When it comes to rest and remains in the

same position for half a minute after the top of the jar has been

covered to prevent convection currents due to evaporation of the

benzol chloroform mixture, the specific gravity of the drop is the

same as that of the fluid and the specific gravity of the mixture is

easily found by the float. The latter is usually graduated only

between 1.000 and 1.060, and sometimes the gravity of normal

blood will be found to exceed that figure, but, for anaemic con-

ditions, 1.060 is sufficient.

Certain precautions are necessary. The jar should either be

carefully stirred after each addition of either constituent, or the

whole jar should be carefully inverted after closing the top with

the palm of the hand. The drop should not contain any air, and

the whole process should be done quickly. The normal average

specific gravity for men is 1.059; for women, 1.056.

The errors of the method are due in the first place to the fact
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that the ordinary urinary specific gravity floats are graduated for

an aqueous fluid and not for a chloroform and benzol mixture

which, owing to its low surface tension, gives higher readings on

the scale than does water.^ Either an hydrometer corrected to a

chloroform and benzol mixture must be obtained, or the one used

must be corrected by making a mixture of chloroform and benzol

of slich a strength that a drop of distilled water remains suspended

in it. Its specific gravity is therefore 1.000. The hydrometer is

then placed in this mixture and the point at which it comes to rest

is noted. This will usually be four or five units in the third dec-

imal above the zero point as determined in water. With a good

instrument this difference is constant and may be used to cor-

rect further readings at other points on the scale; but with some

hydrometers the scale varies slightly and the readings are quite

irregular and can not be corrected. In such cases it is always

better to use a Westphal balance, which gives rapid readings cor-

rect to the fourth decimal.

The interest in the specific gravity lies chiefly in the fact that

it furnishes an indirect means of estimating the haemoglobin con-

tent of the blood, for it has been shown that within certain limits,

the variation in haemoglobin causes a corresponding variation in

specific gravity, and the table which is appended shows the re-

sults obtained by Hammerschlag with this method. Assuming

that the determination of the specific gravity has been accurately

made, there are still other sources of error, among which are nor-

mal variations due to food, exercise, etc., these lie within .003.

Nephritis alters the specific gravity of the serum. In circulatory

diseases, which introduce a number of factors dependent upon the

increased number of red cells seen under these conditions, the re-

sults are often incorrect. Leukaemia, in which the specific gravity

is slightly higher than would be expected from the red cell count,

due to the increase in the white cells; and pernicious anaemia, in

which the high color index of the individual cells adds 2 per

cent, at least to the value of the result obtained by gravity, give

inaccurate figures. In such cases the haemoglobinometer must be

used. The use of the method, however, has been rendered less

important to the practitioner since the introduction of the

Tallqvist color book for determining haemoglobin, inasmuch as

^ Baumann : British Med. Journal, 1904, p. 473, and Levy : Proc. Royal Soc,

1902, vol. Ixxi, p. 171.
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the latter gives equally accurate results which can be obtained

much more easily than the specific gravity.

Hammerschlag Method.
Specific Gravity. Haemoglobin.

(According to
Fleischl.)

1.033-1.035 25-30 per cent.

1.035-1.038 30-35

1.038-1.040 35-40

1.040-1.045 40-45

1.045-1.048 45-55

1.048-1.050 55-65

1.050-1.053 65-70

1.053-1.055 70-75

1.055-1.057 75-85

1.057-1.060 85-95 "

Schmaltz Method.
Specific Gravity. Haemoglobin.

1.030 = 20 per cent

1.035 := 30

1.038 = 35

1.041 = 40

1.0425 = 45

1.0455 = 50

1.048 = 55

1.049 = 60

1.051 = 65

1.052 = 70

1.0535 = 75

1.056 = 80

1.0575 = 90

1.059 = 100

DETERMINATION OF THE SPECIFIC GRAVITY OF THE SERUM

The specific gravity of the blood serum under normal condi-

tions varies from 1.028 to 1.030.

The specific gravity of the serum may be obtained in the same

manner as that of the whole blood, by allowing a number of drops

of that fluid to coagulate in a small bottle, and when, at the end

of twenty-four hours, the serum has separated, a drop of this

fluid is pipetted off and allowed to fall into the chloroform benzol

mixture.

ENUMERATION OF THE RED AND WHITE CELLS

THOMA-ZEISS H^MOCYTOMETER

Thoma-Zeiss Haemocytometer.—The instrument now most used

for determining the number of red and white ceUs to the cubic

millimeter of blood is the Thoma-Zeiss apparatus.

In consists essentially of a mixing pipette, in which the blood

can be diluted to a proper degree, and a counting chamber in

which the corpuscles can be allowed to settle on a ruled surface

and enumerated by the microscope.

The counting chamber consists of a heavy plate-glass slide on

which are cemented two glass plates. The larger of these is

square with a central space within which is cemented a smaller
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circular plateau which is ruled on its upper surface (Fig. 11).

The two plates are separated from each other by a narrow circular

iG. 10.

—

Thoma H^mocytometer.

moat. The inner disk which carries the ruling is exactly one-

tenth of a millimeter below the polished upper surface of the

outer one. The ruled surface (Fig. 12) is one millimeter square

OJT
T^

^a

Fig. 11.-;—Diagram of Thoma Counting Chamber.

In the upper figure the difference in level between the plateau and the glass disk

surrounding it is purposely exaggerated.

and is divided by a series of fine lines into four hundred smaller

squares, each with an area of one four-hundredth of a square mil-
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limeter. Every fifth square is accentuated for convenience in

counting by being doubly ruled.

The mixing pipette for red cells is a stout glass tube, with a

capillary bore at its lower extremity, expanding into a small

chamber near its upper end. The capillary portion is so cali-

brated that its capacity to the mark 1 is just one-hundredth of

that of the chamber when filled to the mark 101. The tip of the

capillary should be conical and polished so that the presence of

a small air bubble in

the lower end can

be easily noted. The

short form of pipette

is much more con-

venient to manipu-

late and clean, and

if care is taken to

adjust accurately the

column of blood in

the capillary, it is

quite reliable. The

absolute capacity of

the instrument va-

ries with each pi-

pette, only the rela-

tive dimensions are

constant. The cap-

illary portion is also

divided into tenths, so that it can be filled with blood to any

desired point. An especially accurate form of pipette is the

Miescher model made by the firm of Zeiss, in which the marks

extend entirely around the tube, thus obviating errors due to

parallax. Above and below the marks .5 and 1 are also two

extra rings which enable the observer to allow for slight errors

in the adjustment of the blood column. If the blood has been

accidentally drawn too high and reaches the first mark above

1, the final result can be corrected by adding 1 per cent, to

the count without necessitating a tedious adjustment of the

blood column. The pipette for counting white cells is exactly

similar, except that the capillary is one-tenth the capacity of the

chamber.

Fig. 12. -Ruling of Thoma-Zeiss Counting
Chamber.
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There are five stages in the process of counting blood

:

1. Obtaining the blood.

2. Diluting and mixing the blood.

3. Filling the counting

chamber with the properly

diluted blood.

4. Counting the cells.

5. Cleaning the chamber

and pipette.

COUNTING THE RED CELLS

Obtaining the Blood.—
The finger is punctured and

after a good sized drop has

been obtained, without pres-

sure or constriction, the tip

of the pipette is steadied by

resting on one of the fingers

of the hand which holds the

patient's, and by gentle suc-

tion the capillary bore is

filled either to the mark .5

or 1 . If the blood is nearly

normal, use the mark .5 ; if

anaemic, fill to the mark 1.

If the column does not stop

exactly at the mark, the tip

can be gently wiped with the

finger, which will remove a

little blood and adjust the

fluid to the proper point in

the tube. In the pipettes

made with extra divisions

around the marks .5 and 1,

the error can be allowed for

in the computation after

counting, and no time need

be lost in attempting to

adjust the column of blood.

1 1

I

10

i)0

W

Fig. 13.

—

Mixing Pipettes for Red and
White Corpuscles. Miescher form

is on the right.

The importance of this lies in the

possibility that if too much time is spent in adjustment the blood
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will clot in the capillary. In such case the removal of the coagu-

lum may be difficult.

Diluting the Blood.—The moment the column is adjusted the

tip of the pipette should be cleaned from any adherent blood by

wiping with the finger and then dipped into the diluting fluid.

The latter should stand ready at hand so that no time is lost. The

instant the tip of the pipette is immersed in the diluting fluid,

strong suction should be begun to wash the blood up into the

pipette and avoid the risk of any clot formation. As the fluid rises

slowly in the chamber, the pipette should be carefully rotated to

avoid leaving small air bubbles attached to the inner surface of the

bulb or the glass mixing bead, and thus vitiate the result. When
the fluid reaches the narrow funnel-shaped portion near the mark

101, the suction should be very slight, as otherwise there is danger

of the fluid being carried past the mark 101 and the whole result

spoiled. The moment the column reaches the mark 101, the tip

should be removed from the fluid and the pipette turned hori-

zontally to prevent the fluid from escaping. The finger is then

placed tightly over the pointed end, and the whole shaken gently

for about a minute. The small glass bead in the chamber facili-

tates the even distribution of the corpuscles in the fluid.

The count is best made immediately, as the results obtained

by carrying the mixture for any length of time in the pocket or in

a cage are open to serious criticism, especially if the dilution

has been made with 3 per cent, sodium chloride, or Toison's

solution, instead of Hayem's, which hardens and preserves the

corpuscles. If it is impossible to make the count within a few

minutes, the best method of carrying the pipette is to remove the

rubber tube and mouthpiece and pass a short, stout rubber band

over the ends of the pipette, which should then be kept horizontal

until used.

The Diluting Fluids.—1. Three per cent, sodium chloride solu-

tion, colored with gentian or methyl violet until it is opaque in

layers thicker than a few centimeters. Sp. gr. 1.022.

2. A solution of sodium sulphate containing 17.6 grams of the

dried salt or 40 grams of the crystals of Na2S04 +10 HgO,

which is isotonic with the red corpuscles and does not altQr- their

size or shape. The specific gravity of this fluid is 1.015, and as it

can be colored with gentian violet it is preferable to the 3 per

cent, salt which is not isotonic and distorts the red cells. If a
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small quantity of "neutral red'* is added to the sodium sulphate

solution, as suggested by Bettmann/ it is possible to distinguish

between the nucleated red cells and the leucocytes of the blood

in the leukaemias, thus rendering possible an accurate enumeration

of both forms of cells at one operation.

A sodium sulphate solution containing 120 grams of the

crys.tallized salt to the liter does not deform the red corpuscles

any more than 3 per cent, salt, and as it has a specific gravity

of about 1.047 at 18° C, it is much more easy to make an even

blood mixture in the counting chamber, as the red corpuscles,

whose specific gravity is about 1.088, do not settle out so rapidly

as in the other diluting fluids.

3. Toison's Fluid:

Methyl violet, 5 B . 035 gram.
Sodium chloride 1 "

Sodium sulphate 8 grams.

Glycerin 30 c. c.

Aq. dest 160 c. c.

4. Hayem's Solution:

Mercuric chloride .5 gram.

Sodium sulphate 5 grams.

Sodium chloride 1 gram.

Aq. dest 200 c.c.

Hayem's solution has the disadvantage that it can not be

colored with gentian violet. Its special advantage is that it

preserves the red cells permanently, and as its specific gravity is

about 1.030 the corpuscles settle slowly and the distribution in

the counting chamber is a very even one. The use of .9 per

cent, physiological NaCl solution is not advisable, as the low

specific gravity of this fluid (1.007) allows the cells to settle so

rapidly that it is difficult to get an even distribution of the red

cells in either the mixing pipette or on the stage of the counting

chamber.

Filling the Counting Chamber.—Two or three drops are

blown out from the pipette in order to remove the diluting fluid

which remains in the capillary tube, and to obtain a sample of

the well-mixed blood; then a smaH drop of the latter is placed

on the small raised platform in the center of the counting

iMiinch. med. Woch., 1901, p. 957.

5
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chamber, and immediately, but slowly, the thick cover glass is

lowered into place without sliding. If the cover is slid over the

drop, part of the latter will be dragged into the moat surround-

ing the raised platform, or between the cover glass and the upper

surface of the outer glass plate, both errors in technique which

alter the result of the count. The drop should just cover the

whole of the raised platform. When the cover is in place and

both it and the plate-glass body of the slide are perfectly clean

and free from dust, a -very little pressure near the edge of the

cover will bring out colored diffraction curves, the so-called New-
toti's rings. They simply indicate the absolute contact of the

two polished surfaces and the perfect adjustment of the instru-

ment, but at times they are difficult to obtain, and are not neces-

sary for an accurate count.

Counting the Cells.—After waiting for a minute or so for the

corpuscles to settle, the chamber is placed on the microscope stage

;

and using a No. 5 Leitz, or an 8 mm. Zeiss apochromatic objec-

tive, search for the upper left cornei: of the ruled surface. Begin

at the upper left small square and count to the right through five

squares ; the double ruling every five squares will prevent any error.

Then count the five squares in a line just below, and so on until the

corpuscles in a block of twenty-five squares have been counted.

Repeat until one hundred squares have been counted, not using

contiguous blocks of twenty-five, but rather counting along the

diagonal of the whole ruled surface, so as to eliminate any error

which might arise from slight differences of distribution of the

corpuscles on the stage. Some of the cells will lie on the lines.

To avoid omitting or counting such cells twice it is necessary to

adopt some regular system by which the cells on certain lines shall

always be counted in a given square. The simplest is to count all

cells to the right and below; that is, any cell lying on a line is

counted in the small square lying to the right and below the given

line (Fig. 14). The use of a mechanical stage to move the count-

ing chamber is a great aid in the process.

The management of the light is one of the greatest difficulties

with beginners. The diaphragm of the Abbe condenser must be

reduced to a very small aperture, and it is often better to count

by artificial light rather than by daylight, as the amount of illumi-

nation can be better regulated.

When the sum of the corpuscles is obtained in one hundred small
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squares, the number per cubic millimeter can easily be computed

from the figures always engraved on the chamber by the maker.

(See Fig. 11.) Let us assume that six hundred and sixty-one cells

are found in a hundred small squares ; then each small square will

average 6.61 cells. Now, the chamber is one-tenth of a millimeter

deep and each small square tott of a square millimeter in area;
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Fig. 14.

—

Counting Unit of Twenty-five Squares.

Arrows show direction of count.

and as the 6.61 cells have settled down from that tAtt of a cubic

millimeter overlying the small square, then the number in a cubic

millimeter must be 6.61 X 4,000 = 26,440. But the blood was

diluted in the mixing pipette one hundred times; therefore the

number of corpuscles must be increased one hundred times to
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give the number in a cubic millimeter of undiluted blood. In

other words, 2,644,000 corpuscles are contained in a cubic milli-

meter of the blood examined.

Cleaning the Chamber and the Pipette.—This is a matter of

some time and trouble unless either a Bunsen filter pump is used

to draw the fluids through the pipette or a throat-spray pressure

apparatus is used to blow the cleansing fluids and the air used in

the final drying through the tube.

The process should be carried out immediately after using the

pipette to prevent the fluids drying in the capillary and blocking

it. If any clots are present in the capillary portion, they are best

dislodged or perforated by a fine wire such as is employed in

cleaning hypodermic needles, or by a stout horsehair. As soon as

the clot is permeable, a little strong sodium hydrate solution

should be drawn up into the chamber and the whole set aside for

an hour to soften and dissolve out the remnant of the clot.

Then wash out with water, alcohol, and finally ether. The

pipette is left for a few minutes after the ether has been removed

with a gentle current of air passing through it to remove the

last traces of the ether vapor and completely dry the inner sur-

face. With a small brass filter pump, which can be attached to

the water tap, the entire process of cleaning takes only a few

minutes.

Another chemical method which is very useful in removing any

coloring matter or small masses of fibrin adhering to the inner sur-

face of the bulb or capillary is as follows : After opening the lumen

of the capillary tube with a wire, suck up a little strong alcohol

and then remove as much as possible, leaving the walls merely

moistened. Then draw in with a suction pump a little strong

nitric acid. A very violent reaction will take place with the

evolution of abundant fumes of N2O4 and the clots will be rapidly

oxidized and removed. Wash with distilled water, alcohol, and
finally with ether. The acid should never be sucked up with the

mouth, as there is great danger of its being forcibly blown out of

the capillary into the mouth or eyes, and when using the suction

apparatus, care should be taken never to allow the end of the

pipette to point toward the face or clothes of the operator.

Another method which is applicable where Hayem's fluid has

not been used, is to digest the clots with pepsin and .4 per cent.

HCl. The mixture must be kept in a warm place to act quickly.
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The chamber should be cleaned with water immediately after

using, but never with alcohol or ether, as the cement with which

it is mounted is easily softened by these menstrua. It should

always be kept in a cool place and out of direct sunlight, as other-

wise the cement may become softened by the heat and the depth

of the cell be altered.

COUNTING THE WHITE CELLS

If a very accurate count of the white corpuscles is not necessary,

they can be noted at the same time that the red count is made

if a 3 per cent, sodium chloride solution tinged with gentian

Fig. 15.

—

Ruling of Zappert-Ewing Counting Chamber.

violet, or Toison's fluid is used. The leucocytes then stand out as

faint purple cells in contrast to the yellow erythrocytes. The



46 THE BLOOD

spaces counted, however, must be much greater than the number

gone over for the red cells, and it is best to use one of the special

chambers devised by Zappert and modified by Ewing (Fig. 15) in

which the central square millimeter of small squares is surrounded

by eight other squares of the same size, thus permitting the count-

ing of the leucocytes over an area of nine square millimeters.

Breuer ^ has described a useful form of counting cell with a simple

ruling which is especially designed for leucocytes.

A far better method, when accuracy is important, is to use a

special pipette, diluting the blood one to ten, and to use a 1 per

cent, acetic acid mixing fluid, which renders the red cells invis-

ible and brings out the leucocytes very sharply. Some observers

recommend coloring the fluid with a small amount of methylene

blue or gentian violet, so as to stain the nuclei of the leucocytes,

but this is not necessary.

Tiirk^ recommends a mixture of the following composition:

Glacial acetic acid 3 c.c.

Distilled water 300

Gentian violet, 1% aqueous solution. 2 to 3 *'

With a good light and suitable lens it is then possible to distinguish

the polynuclear cells from the lymphocytes and thus make a dif-

ferential and a total count at the same time.

It is also possible to determine the number of eosinophiles in

the blood by using a mixture suggested by Zappert .^ The blood

must be diluted one to one hundred instead of one to ten.

The capillary mixing pipette is filled to the mark 1 and the

blood washed into the mixing chamber with a sufficient quantity

of a 1 per cent, solution of osmic acid to half fill the chamber.

The acid is allowed to act on the corpuscles for two minutes and

the dilution is then completed to 101 with a mixture containing

:

Distilled water 55 c.c.

Glycerin 45 '
*

1% aqueous eosin solution 17 "

In a short t me the eosinophiles will be deeply stained and can be

separately enumerated during the leucocyte count.

A simpler mixture by which a complete differential count of

' Berl. kiln. Woch., 1902, p. 954.

^^ Wien. klin. Woch., 1902, p. 715.

» Cent. f. klin. Med., 1892, p. 715.
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the leucocytefe may be made in the counting chamber, is that of

Zollikofer.i Two solutions are employed of the following compo-

sition and mixed just before using in equal bulks

:

A.

Yellow eosin, soluble in water .05 gram.
• Formalin solution, concentrated 1 c.c.

Distilled water 100 c.c.

B.

Methylene blue, " B X " 05 gram.

Formalin solution, concentrated 1 c.c.

Distilled water 100 c. c.

The blood is diluted 1 to 20 with this mixture and the enumer-

ation is carried out after the cells have stood for about five min-

utes in the counting chamber in order that staining may take

place. The red cells have been laked and are not visible.

Ohuf recommends a mixture composed of equal parts of 5

per cent, formaldehyde, 1 per cent, sodium chloride solution, a

5 per cent, aqueous solution of eosin, *'w.g.,'' and of Griibler's

polychrome methylene blue solution. These four solutions are to

be mixed at the time of using and the blood diluted one to one

hundred. Using a thin cover and a high power apochromatic dry

lens or an oil immersion, it is possible to make a complete differ-

ential count of the leucocytes in the chamber, after the prepara-

tion has stood for half an hour.

In the writer's opinion it is much better to reserve the counting

chamber for simple enumeration of the leucocytes as a whole, and

to differentiate the cells in a stained smear rather than to attempt

to save time by making a differential chamber count. Abnormal

forms are difficult to recognize in the counting chamber, and the

granules, with the exception of the eosinophile, are not well dem-

onstrated. Polychromatophilia and granular degeneration of the

red cells must always be searched for in smear preparations.

The technique of leucocyte counting is the same as that for the

red cells, except that a larger drop of blood is necessary to fill the

coarser bore of the capillary portion of the pipette, which is rather

more difficult to handle, as the fluid will run out if it is held verti-

cally. It is necessary, therefore, to hold the pipette almost hori-

zontally while drawing up the diluting fluid, and to be very careful

1 Zeit. f. wissen. Mik., Bd. xvii, 1900, p. 313.
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not to allow the mixture to run out again when the suction is

stopped.

The white cells can be counted over an area of a square mil-

limeter, which is just included in the field of a No. 3 Leitz lens,

and the whole series of nine squares run over in a few minutes.

The results are much more accurate than with the one one-hun-

dredth dilution and stained cells. The only source of error is the

counting of the nucleated red cells as leucocytes, but it is rare

that there are sufficient erythroblasts to alter the result per-

ceptibly.

If the nucleated red cells are very numerous a careful differ-

ential count should be made from a stained smear to determine the

relative proportion of these cells to the leucocytes. When the rela-

tion between the nucleated reds and the leucocytes has been found,

a proportional reduction can be made in the white cell count.

The multiplying factors are the depth of the cell, one-tenth of

a millimeter, the area counted, one square millimeter, the dilution,

ten times. For example, if an average of fifty-six leucocytes were

found in each square millimeter, then 10 X 10 X 56 = 5,600; in

other words, multiply the number found by one hundred. Where

the leucocytes are very abundant, as in leukaemia, the blood should

be diluted one to twenty or even one to one hundred in a red

cell mixing pipette.

LIMITS OF ACCURACY IN COUNTING BLOOD

The errors which may arise in the enumeration of the red and

white cells are of two varieties : the variable and the constant.

The constant errors are those which are due to the inherent

defects in the construction of the apparatus. The mixing pipettes

frequently show slight errors due to the relation between the cap-

illary and the bulb not being exactly one to one hundred.

Four different pipettes for red cells from two standard makers, showed

the following variations: In two of recent make of the short form, the

proportions between the capillary to the mark 1 and the bulb, instead

of being one to one hundred, were 1 to 101.3 and 1 to 102.7, while a long

pipette from another maker showed a relation of 1 to 96.9 and a short

pipette, 1 to 114.9. The latter instrument is evidently grossly incorrect,

and blood counts made with it first called attention to the defect. Rein-

ert,^ who examined two pipettes, found an error of under 1 per cent.,

^ Die Zahlung der Blutkorperchen, Leipzig, 1891, p. 44.
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but a revision of his computations with the use of more accurate values

for the specific gravity of water and mercury, shows that the actual error

was at least 1 per cent.

A second source of error lies in variations in the depth of the

counting chamber. The writer has frequently found that the

chambers obtained from reliable dealers varied considerably in

depth after being exposed to hot summer temperatures, the al-

teration being due to softening of the cement by which the plateau

and the ring surrounding it are fastened to the slide. Exposure

to the direct rays of the summer sun will soften the cement in a

few minutes.

The variable errors are those resulting from irregular distri-

bution of the cells in the counting chamber and the enumeration

of an insufficient number of the corpuscles. For the red cells,

the error in counting only one hundred squares is considerable,

certainly over 5 per cent, of the total, so that the last four fig-

ures as given on page 43 can be omitted and the count consid-

ered as approximately 2,640,000. To reduce this error to 3

per cent., it is necessary to count at least four hundred squares,

and preferably from several different drops, in order to minimize

the error resulting from imperfect mixing of the blood in the

pipette.

In enumerating the leucocytes some two hundred cells must

be counted to bring the error within 5 per cent. It is necessary,

therefore, to make four preparations of a one to one hundred mix-

ture in order to find sufficient leucocytes in a Zappert chamber

enclosing nine square millimeters, if the blood be normal. It is

evident that a single count made with a 1 to 100 dilution must
possess a very large error, and it is therefore preferable to use a

one to ten pipette and an acetic acid mixture for dilution.

INDIRECT METHODS FOR APPROXIMATELY ESTIMATING
THE NUMBER OF BLOOD CORPUSCLES

From Stained Smears.—Einhorn and Laporte ^ have devel-

oped an indirect method which gives fairly accurate results. It

is based upon the fact that in a smear made according to Ehr-

lich on a cover glass the blood spreads out in a layer of fairly

constant thickness. Care must be taken to use a small drop of

blood; the blood must be spread between the cover glasses with-

1 Medical News, vol. Ixxx, 1902, p. 741.
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out any pressure, and they must be drawn apart carefully so as

not to disturb the even distribution of the cells. The preparations

are then stained with Jenner's stain. An even field is selected

and the red corpuscles in that field counted by means of an eye-

piece containing a diaphragm enclosing a ruled square aperture

measuring 3 millimeters on a side. The objective should be a

Zeiss DD or a No. 5 Leitz, with eyepiece No. 4. The red cells in

the field having been counted, the diaphragm is changed to a

No. 2 eyepiece, and all the leucocytes counted without changing

the field.

This process is repeated until about six square millimeters of

smear surface have been counted, which corresponds to about

twenty-five fields. The average number of white cells per square

millimeter is then computed, and the number found multiplied

by four hundred, which gives the number of white cells in a cubic

millimeter. The average number of red cells in a square milli-

meter should then be multiplied by five hundred, which gives the

number in a cubic millimeter. The results are naturally only

approximate, as they are based upon computations made by the

Thoma-Zeiss apparatus and therefore carry the 5 per cent, error

of that method plus the error of this approximate enumeration.

Therefore the method can never supplant the hsemocytometer for

accurate determinations, and its chief advantage lies in the sim-

plicity of the apparatus and the rapidity with which the count can

be carried out, as a red and white cell count can be made in fifteen

minutes, while at the same time a differential study of the smear

is obtained. Smears can be made at the bedside and examined

at leisure.

The Oliver Haemocytometer.—This instrument was devised

for the rapid determination of the number of red corpuscles in

the blood when the number is nearly normal. The writer's ex-

perience with the instrument has been fairly satisfactory in testing

practically normal blood, while in anaemias the results have been

much less accurate than with the Thoma-Zeiss haemocytometer.^

The apparatus is, however, simple and easy of application, so that

it is useful in the study of variations in the red blood count which

occur under physiological conditions, and also as a means of classi-

fying hospital or dispensary cases into those which have anaemia

^ Consult for details on this point, Baumgarten : Johns Hopkins Hospital

Bulletin, 1902, p. 176.
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and those which have not, preliminary to a more careful count

with the Thoma-Zeiss hsemocytometer.

The apparatus consists of a graduated tube flattened on two

sides, a blood-measuring capillary pipette, a small candle, and a

pipette for the dilution of the mixed blood. The finger is punc-

tured and the small capillary filled with blood. The superflu-

ous blood is wiped off the end of the capillary with the finger

and the contents are washed into the tube by a few drops of

Hayem's solution from the pipette. Hayem's solution is then

added drop by drop until the first appearance of a fine transverse

line of light, the earliest indication of which is obtained by turning

the tube on its axis, when the line becomes visible first of all on

looking through the flattened side. The fluid is then added until

the line is just apparent, when the long diameter of the tube is di-

rected toward the flame. The observations must be carried out

in a darkened room free from all cross lights. The observer should

stand about ten feet from the flame. Diffuse light from the candle

should be excluded by holding the tube between .the thumb and

forefinger so as to make a frame for it. Then the tube is ap-

proached very close to the eye. The dilution need not be carried

out at the time the blood is obtained as the tube can be corked

and examined at leisure. The results are calculated by reading off

the level of the fluid on the graduated scale ; mark 100 corresponds

to five million corpuscles, mark 20 to one million corpuscles to the

cubic millimeter. The accuracy, according to Oliver,^ when work-

ing with blood approximately normal and after some experience,

is from fifty to one hundred thousand corpuscles to the cubic mil-

limeter. An increased number of leucocytes interferes with the

results so that the instrument can not be used in examining blood

in cases of high leucocytosis or leukaemia.

TOTAL SOLIDS AND TOTAL NITROGEN OF THE BLOOD
The total solids of the blood are determined by evaporating

to dryness a weighed amount of that fluid contained in a tared

weighing bottle, either in an exhausted desiccator over sulphuric

acid at room temperature or not above 50° C. The latter method
is preferable. The amount of residue is then determined gravi-

metrically. It amounts to 21 to 22 per cent, of the blood in healthy

persons, and may be much lower in chronic anaemias.

^ Blood and Blood Pressure, London, 1900.
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The total nitrogen is obtained by oxidizing a weighed amount
of the blood, according to the Kjeldahl method, which will be given

with full details under the subject of the urine. The normal

amount of nitrogen is from 3.5 to 3.7 per cent.

Neither of these chemical methods furnishes any information of

practical value.

REACTION OF THE BLOOD

The reaction of the blood is alkaline to litmus and due to the

presence of disodium phosphate and of sodium carbonate and

bicarbonate.

The amount of alkalinity, expressed in terms of sodium hy-

drate, corresponds to from 180 to 220 milligrams for one hun-

dred c.c. of blood, though von Jaksch gives from 260 to 300

milligrams as a normal amount, which also corresponds with the

values found by the use of the Dare alkalimeter. Lowy gives 440

to 500 milligrams. The reaction of the blood may be demonstrated

qualitatively by soaking a strip of red litmus paper in a satu-

rated solution of common salt, dipping it in the blood, and wash-

ing off the corpuscles with salt solution.

Quantitative determinations are made by titrating laked

blood with weak acids, using lacmoid paper to determine the

end reaction.

Lowy's Method.^—In this method Lowy uses five c.c. of blood

obtained by puncturing a vein, which is mixed with forty-five c.c.

of a ^ per cent, ammonium oxalate.

Five c.c. of the laked solution is then titrated with ^/gg solu-

tion of tartaric acid, using lacmoid paper, which has been soaked

in concentrated solution of magnesium sulphate, as an indicator.^

This paper is best obtained from dealers in chemical supplies as it

is difficult to make up. The ^/25 solution of tartaric acid con-

tains 3 grams of the pure acid to a liter, and one c.c. corre-

sponds to .0016 gram of sodium hydrate. The number of c.c.

used multiplied by this factor will give the number of milligrams

of alkali present in the blood.

Engel's method"^ is a modification of the above for clinical

1 Pfluger's Archiv, 1894, vol. Iviii, p. 462.

2 For a consideration of normal solutions, see Appendix.

3 Berl. klin. Woch., 1898, p. 308.
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Fig. 16.

—

Engel's Alkalimeter.

purposes. The apparatus is shown in Fig. 16. The blood is

obtained in a small pipette, using .05 c.c. and diluting with dis-

tilled water to five c.c. A
^Ag solution of tartaric acid

is then run in from a burette

and an end reaction is ob-

tained by removing a drop

of the fluid and placing it on

lacmoid paper. When there

is a distinct red line about a

drop of blood placed on the

reagent paper, the solution

has been neutralized. One

c.c. of the tartaric acid so-

lution corresponds to .00053

grams, of sodium hydrate.

Dare ^ has devised a method dependent upon the fact that the

two spectral bands of oxyhaemoglobin disappear at the point of

exact neutralization of the blood. Twenty c.mm. of blood are

placed in a special mixing tube, diluted with distilled water to

the zero point, and then a -^200 solution of tartaric acid is dropped

into the tube, which is inverted after each addition and examined

with a spectroscope until the oxyhaemoglobin bands just disap-

pear. The acid solution is prepared by dissolving .075 grams of

tartaric acid in distilled water, adding twenty c.c of 95 per cent,

alcohol, and diluting to two hundred c.c. with water. The accu-

racy of the method is still undetermined, but the results are rather

higher than those obtained by the direct titration with an indicator.

From a chnical point of view no diagnostic results of value have

been obtained from the study of the reaction of the blood. In severe

anaemias a diminution of the alkalinity has been noted. The same
change has been seen in the ura^mic stages of nephritis, in diabetes,

especially during periods of coma, in profound cachexic conditions,

and also in typhoid fever and septic processes.

COAGULATION TIME OF THE BLOOD

Under normal conditions the coagulation time of the blood is

from two to eight minutes, depending a good deal upon the clean-

1 Phila. Med. Journal, 1903, p. 137.
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liness of the vessel in which it is received, and upon the amount

of tissue juice which is mixed with the blood as it flows from the

wound. In disease, prolongation of the time of coagulation has

been noted in severe icterus, especially that connected with cir-

rhosis of the Hver, or jaundice due to obstruction of the common
bile duct, and also in the blood of persons subject to the h^emor-

rhagic diathesis (bleeders). The administration of calcium chlo-

ride shortens the time of coagulation, but after some weeks of

treatment the coagulation time returns to the normal. The in-

jection of gelatin causes a shortening of the coagulation time.

The practical value of the coagulation test is chiefly in connec-

tion with operations on icteric patients, though the mere fact

that the blood coagulates slowly in these cases is not a sufficiently

grave symptom to deter from operation when the latter is

important.

The simplest method of determining the time of coagulation

is to place a drop of blood on a clean slide and at intervals of

half a minute draw a needle across the drop ; when coagulation

takes place it will be noted that the clot is dragged across the

drop of blood, distorting it or smearing it over the shde.

Another means is to collect the blood in small capillary tubes

and, holding gne of these by a forceps, to avoid the heating

effect of the fingers, pass a horsehair which has been freed from

dirt and grease by boiling in alkali and then allowed to soak in

ether, through the blood in the capillary until the column of

blood is seen to move bodily with the motion of the hair.

A more elaborate apparatus has been devised by Wright,

which consists of a series of eight capillary tubes measuring ten

cm. in length and .25 mm. in diameter. The tubes are open at

both ends and are fitted into a series of pockets in a small leather

case which is so arranged as to fit over a vessel containing water

at the temperature of the body. The tubes are half filled by

sucking blood from a large puncture of the finger or ear at in-

tervals of about one minute. They are then replaced in the

pockets and aflowed to remain for about two and one-half min-

utes. One of the tubes is then selected and its contents blown

out on a sheet of paper. Finally, a tube will be found which can

not be easily emptied or from which a long worm-Hke clot is ex-

truded. This tube gives the coagulation time. Under these con-

ditions the normal is about three to five minutes.
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The tubes should be cleaned immediately after use by soaking

them in distilled water and then washing with strong nitric acid,

replacing the acid with distilled water, and drying in a current of.

COLOR REACTIONS OF THE BLOOD IN DIABETES

The blood in diabetes shows two reactions which are occasion-

ally of diagnostic value.

Bremer's Test.^—Rather thick smears of the blood to be

tested are made on slides, and also a number of smears of normal

blood as a control. All of these smears are then fixed by dry heat

by raising the temperature of the oven to 130° C. and then turning

off the source of heat. The apparatus is allowed to cool and the

slides to be tested and the controls are stained with a freshly made
up one per cent, aqueous solution of Congo red. The staining is

complete in two minutes and the slides are rinsed in water and

dried. The normal blood will be stained a red color; the dia-

betic blood is either not stained or stained only a faint yellow.

Other dyes, such as the Ehrlich triacid stain, may be used; in

this case the staining requires five minutes.

The reaction is quite regularly present in cases of diabetes

;

it is also seen in exophthalmic goiter, neuritis, leukaemia, and

rarely in healthy persons. Bremer claims that cases of renal dia-

betes do not give the reaction, in distinction to those forms of

diabetes which are related to changes in the pancreas. The re-

action is given though the sugar may have disappeared from the

urine, and hence may be of value in mild cases in which glucose

is only occasionally present. It is also of value in the diagnosis of

cases of coma suspected of being diabetic, when the urine can not

be obtained.

Williamson's Test.^—Twenty cubic milHmeters of the blood

to be tested are mixed with forty cubic milHmeters of water and

one cubic centimeter of a 1 to 6,000 aqueous methylene blue solu-

tion. Forty cubic milhmeters of liquor potassi (6 per cent, solu-

tion) are then added to the contents of the test tube, A control

^ For other methods of determining the coagulation time, see :-— Pratt : Jour,

of Med. Research, vol. v, 1903, p. 120. Blum : Cent, f . Path., Bd. xv, 1904, p. 385.

2 New York Medical Journal, vol. Ixiii, 1896, p. 301.

3 British Medical Journal, 1896, Sept., p. 730 (recommends methyl blue);

Lancet, 1900, August, p. 320 (recommends methylene blue).
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tube of normal blood is made up in the same manner. Both
tubes are then heated on a water bath to boihng for four minutes

and the change noted. Diabetic blood will decolorize the blue

in from two to four minutes, while normal blood causes no change

in the color during that time.

lODOPHILIA

In many pathological conditions, especially in acute infec-

tions, a so-called glycogen or iodine reaction or iodophiUa may be

demonstrated in the bodies of the leucocytes.

The technique is as follows : An unfixed dry blood smear is

exposed to the vapor of soHd iodine until it is stained a brownish

color, A Petri dish is convenient for this purpose, a few par-

ticles of iodine being placed in the bottom, and the sHdes or cover

glass laid face down over the crystals. After the specimen is

stained it is covered with a layer of Isevulose syrup saturated with

iodine or a solution of the following composition

:

Iodine T 1 gram.

Pot. iodide 3

Aq. dest 100 **

Gum arable to saturation.

The cover glass is pressed down on the fluid and the whole is ex-

amined with an oil immersion lens. Two types of reaction can be

noted : one confined to the white cells, the other, a so-called ex-

tracellular reaction, is present in the blood plates. The intra-

cellular reaction is the only one of clinical importance. In films

thus treated the reaction may occur as a more or less marked
diffuse brown color of the entire protoplasm of the leucocyte, or

the protoplasm contains reddish brown granules which may be

more or less distinct. In normal blood the protoplasm of the

leucocyte takes on a faint yellow, while the nucleus is practically

unstained. The red cells show as slightly stained yellowish

bodies.

. The reaction is supposed to be due to the presence of a com-

pound of glycogen with some albuminous body, though Kaminer ^

claims that it is not dependent upon glycogen. The reaction is

1 Deut. med. Woch., 1899, p. 235.
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DESCRIPTION OF PLATE I

Stained with a saturated solution of iodine in gum arable

Figure A.—Iodophilia of Moderate Degree from a Case of Lobar
Pneumonia

The red cells show as faintly tinged, yellowish, circular bodies without

definite structure. The bodies of the white cells take the stain more deeply

than do the nuclei. Consequently, the latter appear as lighter areas against

the yellowish circle of the cell body. In the leucocytes may be seen a
number of brownish granules, scattered chiefly about the periphery. These

granules are the so-called glycogen bodies and are not present in the leucocytes

of normal blood. Near the center of the field are two small masses of brownish

color which are stained blood plates. They are tinged a faint brown color

by the iodine. This extracellular glycogen reaction has no clinical im-

portance.

Figure B.—Very Advanced Iodophilia from a Case of Sepsis follow-
ing Appendicitis

The red cells show no change. Some of the leucocytes present contain

a considerable number of distinct brownish masses giving the glycogen re-

action. Other leucocytes take wholly or in part a homogeneous brown
tint. In one cell to the left, near the middle of the drawing, a considerable

portion is occupied by a brownish area, the rest of the cell containing numerous
fine granules. The blood plates, as usual, show a brownish color due to the

presence of glycogen.

57
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quite constant in all cases of sepsis with pus formation, but its

ititensity is no index of the extent of the suppuration, as it may
be no more marked in an extensive general peritonitis than it is

in a small abscess of the finger without rise of temperature. It is

present quite constantly in pneumonia, malignant disease, and,

more rarely, in severe cachexias, and in pulmonary tuberculosis

with secondary infection. It is usually but not always absent in

acute bronchitis.

The iodophilic granules have been found ^ in pernicious anai-

mia, secondary anaemia, leukaemia, myxoedema, and in Addison's

disease, but not in chlorosis or pseudo-leukaemia. It has been

found in the blood of the subjects of chronic morphinism.

The practical value of the reaction is somewhat hmited by the

large number of diseases which give a positive result. It has been

suggested 2 to use the test as a differential between acute artic-

ular rheumatism and gonorrhoeal arthritis, as it is absent in the

former and present in the latter. It is of especial value in ap-

pendicitis as an evidence of pus formation when the physical signs,

the temperature, pulse, and low leucocyte count do not permit of

a positive diagnosis. In a number of cases of this type the writer

has seen a marked glycogen reaction, and the presence of a small

encapsulated abscess was demonstrated by operation. No re-

action was present in a case of acute haemorrhagic pancreatitis

with leucocytosis, which cHnically resembled cholecystitis. In

uncompHcated cholelithiasis the reaction is not found. No reac-

tion is present in typhoid until after the second week unless

some suppurative condition is present.^^

DETERMINATION OF THE FREEZING POINT (CRYOSCOPY)

The osmotic pressure which a fluid exerts is due to the number
of molecules dissolved in it. These molecules act in much the

same manner and under the same laws as the molecules of a gas

1 Hofhauer: Cent. f. innere Med., 1900, p. 153.

2 Sorochowitsch : Zeit. f. klin. Med., Bd. li, 1903, p. 264.

^ For further details on this subject see : Ehrlich : Die Anaemie, Wien, 1898.

Gabritschefsky : Arch. f. exp. Path. u. Pharm., 1891, Bd. xxv, p. 272. Livierato :

Deut. Arch. f. klin. Med., Bd. liii, 1894, p. 303. Ooldherger and Weiss : Wien.

klin. Woch., 1897, p. 601. Best : Zieglers Beitrage, 1903, Bd. xxxiii, p. 585.

Locke and Cabot : Jour, of Medical Research, 1902, N. S., vol. li, p. 25. Locke

:

Boston Med. and Surg. Jour., 1902, p. 289.
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confined in a given space. Thus the pressure of a gas kept at a

constant volume varies directly with the absolute temperature,

and this pressure is the same with all gases. In a solution the

pressure also varies with the absolute temperature and is not in-

fluenced by the nature of the dissolved molecules, but only by
their number ; that is, all equimolecular solutions have the same
osmotic pressure.

Solutions which conduct electricity, however, show a greater

osmotic pressure than equimolecular solutions of the same sub-

stance dissolved in a solvent which does not permit a current to

pass. Salts, for instance, when dissolved in absolute alcohol or

benzol may not conduct the current, while a marked conductivity

is noted as soon as they are dissolved in water. This has been

explained by Arrhenius ^ on the assumption that in a conducting

fluid the molecules are separated or dissociated into their ions

which are capable of carrying electricity. These ions, when free

in a solution, act, as far as osmotic pressure is concerned, exactly

like molecules, so that solutions of electrolytes have an abnormally

high osmotic pressure.

The number of free ions in a given bulk of solution may be

determined by obtaining the electrical conductivity of the mix-

ture, while the number of molecules plus ions may be calculated

from the depression of the freezing point. The latter is the most

convenient indirect method of determining the osmotic pressure

of the fluids of the body and their content in molecules, inas-

much as the direct* determination of the osmotic pressure by ob-

serving the passage of salts through semipermeable membranes
offers many practical difficulties.

For practical purposes it is neither necessary to determine the

actual number of molecules in a body fluid nor the osmotic pressure

which the latter exerts. It is only of importance to obtain relative

factors between normal and abnormal fluids. For example,

normal blood or blood serum freezes between —.55° C. and
— .57° C, while the blood of a person suffering from interstitial

nephritis with retention of metabolic residues may freeze at from
-.60° C. to -.80° C, or even at 1.04° C.2 below the point of

congelation of distilled water. It is ordinarily sufficient for clini-

1 Zeit. f. physik. Cheraie, Bd. i, 1887, p. 631.

2 Kordnyi : Zeit. f. klin. Med., Bd. xxxiii, 1897, p. 45.
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cal purposes merely to determine the variations from the normal

and not to compute the molecular concentration.

^

Physiological variations in the osmotic pressure of the blood

are slight and transient. The taking of large amounts of fluid or

food may cause a variation of a few hundredths of a degree. Star-

vation lowers the freezing point. Cyanosis, due to any cause,

lowers the freezing point to a marked degree, and this factor must

be always considered in examining blood from any patient in

convulsions where insufficient aeration of the blood may occur.

The lowered freezing point is due to the increase in the blood of

the carbon dioxide molecules. The excess of this gas can be re-

moved by passing a current of oxygen through the blood for a few

minutes, or of air, if the treatment be prolonged. The freezing

point then rises to the true value due to the content of the blood

in molecules derived from salts and organic bodies. Cases of un-

compensated heart disease often show a very low freezing point

entirely due to the cyanosis and not to retention of metabolic

products or nephritis. The blood returns to normal after the

compensation of the heart is well established. The blood of

eclamptic patients, as a rule, freezes at about —.56° C, but must

always be treated with oxygen to remove the C02. The litera-

ture contains a number of reports of lowered d ^ due to disregard

of this source of error.

In the leukaemias and ansemias, the freezing point is practically

normal unless a marked lesion of the kidney be present. The

writer has seen a ^ of — .57° C. and — .56° C. in pernicious anae-

mia, and one of — .56° C. in leukaemia. In a secondary anaemia

due to carcinoma the d was — .60° C, which may possibly have

been due to starvation, as the pyloric aperture was completely

closed and the patient had had but little food for a week before

admission to the hospital.

The freezing-point method, so far as our present knowledge

1 For further details of the theory and technique of the determination of

osmotic pressure by the freezing-point method, see :

—

Ostwald-Luther : Physk.-

Chem. Messungen, 1902. Hamburger : Osmotischer Druck u. Jonenlehre, Bd. i,

1902. Jones : Elements of Physical Chemistry, New York, 1902. Biltz : Practical

Methods for Determining Molecular Weights, Trans, by Jones and King^ 1898.

Traite de Physique Biologique, Tome i, p. 612.

2 The Greek letter S is used to designate the freezing point of the blood, the

capital letter A that of the urine.
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goes, offers no aid in the diagnosis of uncomplicated diseases

of the blood. The results obtained in nephritis will be consid-

ered under the head of the functional efficiency of the kidnej^s.

The freezing point of the blood and other fluids is not greatly

altered after death until decomposition sets in. This change

occurs earUer in hot weather than in cold, but usually it is not

marked for from twenty-four to forty-eight hours. It has been

suggested that the results obtained by the determination of the

freezing point may be of value in medico-legal cases where it may
be of importance to decide between death due to drowning or

oedema of the lungs, or to decide whether the body was thrown

into the water after death. If death is due to drowning in fresh

water, that fluid fills the lungs and dilutes the secretions con-

tained therein so that the fluid expressed from the lungs has a

freezing point approaching that of pure water (about —.25° C).

If death has been due to cjcdema of the lungs the freezing point

will be lower, for example, —.65° C, when the alveolar spaces of

the organs are filled with water.

Carrara^ found experimentally that in animals drowned in

fresh water the freezing point of the blood obtained from the

left side of the heart was lower than that of blood from the right,

while in drowning in salt water, the freezing point of the blood

from the right heart was lower than that of blood from the left.

Revenstorf ^ reports further investigations on this subject and

finds that this condition holds in only a small proportion of the

cases so that the method is not very valuable in the determination

of death by drowning.

TECHNIQUE OF CRYOSCOPY

The determination of the freezing point of the body fluids is

made preferably by means of an apparatus devised by Beckmann.
This consists essentially of a special form of thermometer whose

zero can be altered to any point along a scale of five degrees,

divided in hundredths of a degree, and a freezing chamber con-

taining the fluid to be investigated, the former being surrounded

by an air jacket and the whole inserted into a freezing mixture of

1 Viert. f. ger. Med., 1902, Bd. xxiv, p. 236.

2 Miinch. med. Woch., 1902, p. 1880. Viert. f. ger. Med., 1903, Bd. xxvi,

Suppl. Heft, p. 31. Ibid., 1904, Bd. xxvii, p. 284.
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ice and salt. The fluid whose freezing point is to be determined

is stirred during the process of cooHng by a platinum wire which

runs through the cork clos-

ing the upper end of the

freezing chamber.

A number of modifica-

tions of the original model of

Beckmann have been devised

for clinical purposes. Some
forms, as, for example, the

Pectoscope,^ have fixed zero-

point thermometers, which,

however, offer but Httle ad-

vantage over the original

Beckmann form except that

they may be handled more

roughly without requiring a

fresh adjustment of the zero.

If, however, the mercury res-

ervoir is of proper shape (see

Figs. 18 and 19) the original

type is not difficult to work

with. The instruments with

so-called fixed zero must also

have that point determined

constantly, as the variations

in the glass due to changes in

temperature soon alter the zero from the true

freezing point. The writer is in the habit of keeping the entire

Beckmann apparatus in cold storage when the instrument is not

in use. This keeps the mercury always in the reservoir and

obviates stress changes in the glass of the bulb. It is not neces-

sary, imder these conditions, to redetermine the zero before each

set of experiments.

The adjustment of the thermometer is the first operation.

The bulb is placed in cracked ice, and after it has been chilled for a

few minutes the superfluous mercury in the upper part of the cham-

ber is shaken off by a slight jar of the hand, holding the thermom-

FiG. 17.

—

Beckmann's
Freezing-point Ap-
paratus.

Fig. 18.—Mer-
cury Reser-
voir OF Beck-
mann Ther-
mometer. COR-
rect Form .

(From Biltz.)

Zikel : Klin. Osmologie, Berlin, 1903.
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(1

eter about the middle of its length and striking the upper portion

against the left index finger (Fig. 20). If, however, the mercury

has already fallen to the bottom of the reservoir it is necessary

to warm the thermometer with the hand and

then invert and jar it (Fig. 21).

After the inversion, the bulb is cooled with

ice which will cause the mercury in the reser-

voir to join the thread of the mercury in the

upper end of the thermometer tube and siphon

over as the latter contracts into the bulb.

When the thermometer has been filled, and

the bulb properly chilled, the surplus should

be shaken off as above and then the bulb

sHghtly warmed by lifting it out of the ice

mixture. This warming will cause a small

particle of mercury to appear at the upper

portion of the reservoir. This small globule

should be promptly shaken off by jarring the

thermometer against the hand and the bulb

immediately placed in the ice.

If after three or four minutes the mercury

comes to rest about the middle of the scale the thermometer

should be inserted in the freezing chamber, the bulb covered with

about ten to fifteen c.c. of

previously chilled distilled wa-

ter and the whole set directly

in the battery jar containing

the salt and ice mixture. A
small aperture in the cover is

provided for this purpose.

This mixture should be made
by breaking ice into small

fragments about one to two

centimeters in diameter, half

filling the jar with these frag-

ments, adding water to within

two centimeters of the top of the jar and putting in the proper

amount of salt, usually about one hundred grams will suffice.

The vessel containing the freezing mixture should be covered

over with a layer of felt or with a folded cloth so as to diminish

Fig. 19.— Incor-
rect Form for
Reservoir of
Beckmann Ther-
m o m e t e r, the
Upper Portion
OF THE Reser-
voir Being too
Flat.

Fig. 20.— Shaking off a Drop of

Mercury from Top of Reservoir.
(From Biltz.)



64 THE BLOOD

Fig. 21.— Shaking a Drop of

Mercury to the Top of Res-

ervoir. (From Biltz.)

the effect of external warmth, and frequently stirred to equalize

the temperature of the upper and lower layers, the upper being

the colder because of the ice floating on the surface.

The distilled water should now be slowly stirred, about one

stroke a second being enough,

until the temperature of the fluid

falls nearly to

V'^"^
~ the bottom of

the scale. If

the thermom-

eter has been

properly ad-

justed this will be about two or three de-

grees below the freezing point of the water.

If now the distilled water is stirred vigorously,

small spicules of ice will make their appear-

ance in the fluid and the thermometer will be

noted to rise rapidly at first, then more

slowly, until finally it comes to rest. No
further stirring will raise or lower the mer-

cury. The instrument should then be read

by means of a magnifying glass or a small

telescope on an adjustable stand. The

readings can easily be made with a hand

lens, care being taken that the top of the

mercury column, the eye and the scale to

be read are all on the same plane, to avoid

the errors due to parallax. The figures ob-

tained are the approximate freezing point

of water. The ice particles are then melted

by warming with the hand and the freez-

ing chamber placed in its air jacket (not

directly in the ice and salt as before), and

the water is slowly stirred until it is under-

cooled about half a degree below the

freezing point first obtained. It is then

''inoculated" by uncorking the side tube

and either throwing in a small fragment of ice or touching the

stirrer with a fragment and immediately beginning violent agita-

tion of the fluid.

Fig. 22.— Improved
Model of Beckmann
Freezing-point Appa-

ratus WITH Magnetic
Stirrer.
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Three or four determinations should be niade, using the same

distilled water and taking the average of the last three results,

as the sm'all amount of air present in distilled water alters the

freezing point and the thermometer requires some time to reach

its true zero. The air will, however, be removed by the first

freezing, so that the true point will be a mean of the later ob-

servations or freshly boiled water may be used which contains

no air.

The distilled water is now replaced by the fluid to be tested

and the same procedure is carried out, or, what is better, the cham-
ber containing the distilled water is replaced by another holding

the already cooled fluid. In this way the thermometer is not

heated and much time may be saved. If blood is being frozen

it need not be defibrinated as the stirring will break up any clot

which may form. Several determinations should be made on the

fluid and the average taken.

It is almost always necessary to
' 'inoculate" blood in order

to avoid excessive undercooling. When the particle of ice falls

into the fluid it causes a rapid crystallization in the under-

cooled blood and the thermometer rises to the freezing point.

Inasmuch as the addition of ice somewhat alters the concentra-

tion of the blood to be tested, it is better not to allow the ice to

fall into the mixture but merely to touch the ring of the platinum

stirrer with a small bit of ice, or to ^'inoculate" with some of the

same blood as that being tested. In this case a small amount of

the fluid should be placed in a test tube and inserted in the freez-

ing mixture. A glass rod with some absorbent cotton attached

to its lower extremity is inserted through a cork or, if preferred,

the glass may be drawn out over a flame into a fine thread and

then the latter crumpled into an irregular skein while hot.

When the right degree of undercooling has been obtained, the

cork in the lateral tube of the freezing chamber is removed and

the mass of frozen blood or urine touched to the ring of the plat-

inum stirrer, which is immediately dropped into the undercooled

fluid. The undercooled fluid adhering to the stirrer will then

freeze, and if the latter is dropped back into the fluid and allowed

to strike sharply on the bottom of the freezing chamber, crys-

tallization will usually take place promptly. In cold weather

this method is the best, but during the summer months it is al-

most always necessary to drop a fragment of the frozen fluid into
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the undercooled fluid in order to start crystallization. The
undercooling should not be carried too far, usually not more

than half a degree, as otherwise the results will not be accurate.

The stirring can be carried on either by hand or by a me-

chanical stirring device run by a small motor, or by an electric

stirring device in which a ring of iron attached to the wire of the

stirrer is regularly attracted and allowed to fall again by the

temporary passage of a current through an electro-magnet whose

poles encircle the freezing chamber. A metronome or pendulum

clock can be arranged to make and break a battery circuit which

Standard Resistances

Resistance Vessel

Fig. 23.

—

Diagram of Wheatstone Bridge Arranged for the Deter-
mination OF THE Conductivity of Fluids.

excites the magnet. When the fluid has been sufficiently under-

cooled the final determination can be made by the observer.

The process usually consumes from twenty minutes to half an

hour after the apparatus is set up.

DETERMINATION OF THE ELECTRICAL CONDUCTIVITY OF
THE BLOOD

The electrical conductivity of a substance is the reciprocal of

its specific resistance, and is determined by measurement of the

latter. The apparatus used is that ordinarily employed in de-
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DiDC El

termining the resistance of wires or other substances, with the ex-

ception that instead of using a constant current and a galvanom-

eter, an interrupter and a telephone are used, in order to obviate

the passage of a current through the fluid to be tested. This cur-

rent would cause polarization at the electrodes and chemical alter-

ations in the fluid, and thus render impossible the obtaining of

accurate results. The rapidly alternating current of an induction

coil causes no such change, but allows of accurate determination

of the resistance. An ordinary Wheatstone bridge with a sliding

contact and resistance wire may be employed in making the de-

terminations ; but it is better to obtain

one of the special forms of apparatus de-

vised for this purpose by Kohlrausch and

manufactured in Germany, than to use

any of the bridges used in wire testing, as

the standards emplo3"ed in the latter are

not sufficiently accurate for the purpose.^

A diagram of the apparatus is shown
in Fig. 23. The fluid to be tested is

placed in a small vessel of the form shown
in Fig. 24, or more conveniently, of that

shown, in Fig. 25, which contains a ther-

mometer and enables one to obtain the

temperature of the fluid more accurately

than the first form, which necessitates the

use of a constant temperature bath. The
resistance vessel contains two platinum

electrodes which have been covered with

a layer of spongy platinum deposited

by dipping the electrodes in a 3 per cent,

watery solution of platinic chloride, lo

which has been added .025 per cent, of lead acetate. The wires

joined to the electrodes are then connected with three or four

Daniell cells, or two bichromate cells, and the current allowed to

pass until a black precipitate is obtained on the cathode. After

about five or ten minutes the current is reversed and the other

Fig. 24.— Simple Form
OF Resistance Vessel.

^ For full details, see -.—Kohlrausch u. Holhorn : Das Leitvermogen der

Elektrolyte, 1898. Hamburger : Osmotischer Druck u. Jonenlehre, Bd. i, 1903.

Ostwald-Luther : Physiko-Chemische Messungen, 1902.
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electrode is blackened. The electrodes should then be allowed

to stand in distilled water for a long time in order to remove any

soluble salts and should be kept in that fluid when not in use.

When a determination is to be made the fluid is placed in

the resistance vessel, the two poles of the electrodes are connected

with one end of the Wheatstone bridge and with the resistance;

the induction coil is then set in action and the sliding contact

moved backward and forward on the stretched

wire until the point is found where the peculiar

humming note of the induction coil can no

longer be heard in the telephone, or is just

audible. The temperature of the solution

should be very carefully determined as the re-

sults vary greatly within narrow ranges.

The calculation of the results is as follows

:

If the resistance of the fluid which is being

tested be W, and R is the constant resistance

inserted in the rheostat, and a and b the rela-

tive lengths of the wire on either side of the

sliding point of contact which results in the

reduction of the telephone sound to a min-

imum, then ^5- = T- or W=RX-rJKb b

The value of R is known from the marks

on the resistance box, and a and b being meas-

urements on the wire,W can be found by sim-

ple calculation. The value of W, however,

depends upon the area of the platinum in the

resistance vessel, and therefore the specific

capacity of the vessel must be known before ab-

solute results can be obtained. It is therefore necessary to place

in this resistance vessel a fluid of a known conductivity and by
the determination of the W of the fluid calibrate the vessel. The
fluid most convenient for this purpose is a -^/iq potassium chloride

solution of which one liter contains 7.457 grams of the anhy-

drous chemically pure salt. The specific conductivity of this

fluid is .0105 at 15° C. and .0128 at 25° C.

The capacity of the vessel C = specific conductivity X W.
The value of W is found by observation to be, for example, 115.

The specific conductivity of the standard fluid at 15° C. is .0105

Fig. 25.

—

Improved
Form of Resist-

ance Vessel.
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X 115 = 1.207. The blood or other fluid to be tested is now
placed in the cahbrated vessel and its resistance W determined at

the same temperature, 15° C. The conductivity of the blood will

then be ^^^ .W
For normal human blood serum the equivalent conductivity-

has been found to be quite constant and about 106. to 119.

(10~^ ohm ~
) at 25^ C.^ Whole blood has a much higher resist-

ance due to the presence of the corpuscles which act as non-

conductors, and as the results are very variable, investigation

has been chiefly confined to the serum.

The study of the conductivity of human blood serum in disease

has not led to the discovery of any facts of present practical value

;

but one observation of considerable scientific interest has been

made, which is that in nephritis, even in the uraemic stage, the

conductivity of the serum is not sensibly increased and may
even be low, though the freezing point is lowered. This is an evi-

dence that in advanced nephritis the chlorides and other sub-

stances capable of increasing the conductivity are either not re-

tained in the circulating blood or are in organic combination, thus

preventing free action. The lowering of the freezing point is due

then to retained organic molecules, chiefly urea, uric acid, purin

bases, etc.

III. THE MORPHOLOGY OF BLOOD

THE PREPARATION AND EXAMINATION OF FRESH BLOOD

If the blood is to be examined in the fresh condition, the top

of a small drop is touched with the center of a cover glass and the

latter immediately dropped on a slide, when the blood will spread

out in a thin layer between the two, and is ready for examination

with the microscope. To obtain perfect preparations, certain

precautions are necessary. The cover glass must be very thin and

chemically clean ; the slide also should be cleaned carefully. The

^ Viola : Rev. ven. di sci. med., 1901, t. xxxiv, p. 357. Bickel : Zeit. f. klin.

Med., Bd. xlvii, 1902; also Deut. med. Woch., 1902, p. 501. RicMer : Charite

Annalen, Bd. xxvii, 1903, p. 241. Engelmann : Miinch. med. Woch., 1903,

p. 1778. Bugarszky u. Tangl : Pfluger's Arch., Bd. Ixxii, 1898, p. 531. Both :

Virchow's Arch., Bd. cliv, 1898, p. 466.
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finger tip must be dry, so as not to alter the outflowing blood by-

admixture of foreign fluids ; the drop must be small, so as not to

fill up the entire space under the cover glass, as the layer of blood

will be too thick under such circumstances. The preparation

should consist of only a single layer of cells in the thin central

portion, but allow of some rouleau formation near the edge. The
cover should not touch the finger when the blood is obtained, for

after such an error of technique fat, dirt particles, and epithelial

cells are invariably found in the preparation. Any pressure, or

sliding the cover glass sideways, will alter the shape of the red

cells and spoil the spread. Such fresh preparations can be pre-

served for some time if carefully ringed with vaselin; filaria

will keep active in this way for three to four days at room tem-

peratures.

The red cells are seen as biconcave disks of a pale greenish-

yellow color, the concavity showing as a light central area sur-

rounded by a deeper colored border. The shape of the individual

corpuscles is quite uniformly circular in normal blood, while in

pathological conditions there may -be numerous irregular forms,

called poikilocytes, which will later be referred to in detail. In

thick preparations of normal blood there is a tendency for the

corpuscles to group themselves in long rows, with their concave

surfaces in contact. This rouleau formation is not seen in severe

ansemias. The diameter of the red cell in normal blood is also

subject to only slight variations. Crenations about the edge of

the red cell appear as the result of the evaporation of the serum

and consequent increase in osmotic tension, causing a flow of water

from the cell to the serum and a reduction of the cubic contents

of the cell.

The white cells are paler than the red ; their nuclei are easily

seen, as are the eosinophile and neutrophile granulations, if care

is taken to focus the immersion lens very accurately on the cell

body. The lymphocytes can be distinguished by their large

nuclei, narrow cell bodies, and lack of granules. The eosinophile

and neutrophile cells show active amoeboid changes ; the lympho-

cytes and large mononuclears do not, though slight motion has

been demonstrated by special procedures. The blood plates can

be seen usually as centers of radiation for the fibrin network.

They are very small, colorless bodies of irregular shape and from

two to three micra in diameter. The amount of fibrin formed is
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of some importance and can be roughly judged from the fresh

sHde.

Very small, highly refractile bodies measuring not over one

micron can be seen in the serum and are especially abundant

in smears from the bone marrow. They have been named
''blood dust" (hsemoconien) by Miiller, and are perhaps extruded

granules from the eosinophile and neutrophile cells. They have

a rapid dancing (Brownian) motion in the serum and do not

appear to be concerned in the formation of the fibrin network.

The Plasmodium malarise can be seen in such fresh prepara-

tions with ease if the blood is thinly spread and adult pigmented

forms are present; its recognition requires an oil immersion lens.

The embryos of the filaria sanguinis can be seen with a medium
power if the light be not too intense. The spirochsetes of relaps-

ing fever and trypanosomata may also be seen in fresh blood.

PREPARATION OF SMEARS OF BLOOD AND OF BLOOD-
FORMING ORGANS

Blood Smears.—Smears of blood for the study of the morphol-

ogy of the red and white cells may be made either on slides or

cover glasses, each possessing some advantages over the other.

Those who advocate cover glasses claim that the smears made on

them are less liable to artefacts than those made on slides, and

that the smears so made are more easily handled, fixed, stained,

etc. From this point of view, however, there are many reasons

for dissent. The slides are, in the first place, neither so fragile

nor so expensive, nor so difficult to clean as are cover glasses.

The making of a satisfactory smear is much more easy in hurried

ward or clinic work on slides than on cover glasses. A larger

area can be smeared on a slide, some portions of which are sure

to be sufficiently thin for the study of the morphology of the red

cells, while the thicker parts, where the leucocytes are more
abundant, may be used to make a differential count.

In routine blood work the use of cover glasses to protect the

finished preparation is unnecessary as the immersion oil may be

dropped directly on the stained smear. If for any reason the stain

is unsatisfactory the oil can be removed with a few drops of benzol

or xylol, and a slide stained, for instance, by the Jenner method,

can be restained by the triacid without further fixation. For
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these reasons many observers who are doing a large amount of

clinical blood work prefer to use slides instead of cover glasses.

The preliminary cleaning of the slides may be accomplished by breath-

ing on them and then polishing with a dry towel. This procedure, how-

ever, is only satisfactory when the slides have not been previously used.

Old or very greasy slides must be cleaned with acids (see Appendix).

The use of soap, alcohol, or ether seems simply to spread any grease which

may be present on the surface of the glass more widely and thoroughly,

and to render it impossible to make a satisfactory smear on such a shde.

Cover glasses should always be cleaned with acids.

To make a cover-glass smear two covers are necessary, and

preferably of rather large size, so that they can easily be grasped

by the corners. Some investigators insist that the covers must

Fig. 26.

—

Making a Blood Smear on a Slide.

never be touched with the fingers, as the moisture present on the

latter may alter the smeared corpuscles, and therefore advise

handhng the covers with forceps only. One of the covers is just

touched to the top of the fresh blood drop, then immediately



THE MORPHOLOGY OF BLOOD 73

laid flat on the surface of the other cover, so that the drop may
instantly spxead out between the two in a thin capillary layer.

The moment this occurs, the two are to be gently drawn apart

by their corners, leaving a thin sheet of blood spread out on each.

This should be so thin as to dry almost instantly. Usually one

of the covers will be well spread, the other less perfectly. They

are then ready for fixation'

A different procedure is used in making smears on slides. The

slides to be smeared are laid flat on a table or tray and the drop

of blood is just touched with the ground edge of the slide used as

a smearer. This smearing slide is then gently touched to the

surface of another slide near one end, with the smearing slide at

an angle of about thirty degrees to the surface of the slide on

which the smear is to be made (Fig. 26). The instant the edge

of the slide rests on the surface of the other, the drop of blood

spreads out by capillary attraction along that edge. When this

occurs, the smearing slide is to be gently drawn over the surface

of the slide on which the smear is to be made, thus dragging the

blood out in a broad film which instantly dries. The size of the

drop and the speed with which the smear is made determine the

thickness of the preparation and not the pressure, which should

always be very light. It is well to vary the speed of the smear

during the making, in order that one end may be thick, the other

thin.

The writer has found it unnecessary to employ other methods

for the making of smears, but some observers have recommended
slightly different procedures. Among these may be mentioned one

in which a drop of blood is taken up on the edge of a slide and the

slide then pushed, edge first, over the surface of another slide, the

angle between the two being about thirty degrees. Another

method is to smear the blood on the surface of the slide by means
of a camel's-hair pencil, or to drag it over the slide by a strip of

gutta-percha tissue, or to use a needle to spread the blood. Some
of the English hsematologists have recommended the spreading of

a smear by taking up a drop of blood on the edge of a strip of

cigarette paper and drawing this over the surface of the slide or

cover glass. Blood smearers made of heavy plate glass with a

polished end have been placed on the market, but the writer has

never been able to obtain as satisfactory smears with any of these

methods as with the ground edge of an ordinary slide.

7



74 THE BLOOD

In making differential leucocyte counts on slides, it is well to

remember that the white cells are to be found most abundantly

along the thick portions of blood left near the end of the spread

where the smearer is lifted off the sHde. In these situations even in

normal blood enough leucocytes can be found in a dozen fields to

make a satisfactory count. It is important to know, however,

that the distribution of leucocytes in the smear made in this man-

ner is not always exactly the same in the different portions of the

preparation. For example, at one end of the smear the lympho-

cytes may be more numerous than the polynuclears, while at the

other end the reverse may be true. The difference is not sufficiently

great to lead to error in the ordinary diagnostic study of blood

smears ; but for scientific purposes it is of advantage to make differ-

ential counts of the leucocytes only from very small smears made
on cover glasses, the enumeration of the leucocytes to include all

the white cells on both covers, in this manner enumerating all

the leucocytes in the individual drop of blood used.

Tissue Smears.—In making smears of the blood-forming organs

the technique is practically the same as that for the blood. Bone
marrow is best obtained from the sternal ends of the ribs when
there is only a moderate hyperplasia of the marrow or, in advanced

anaemias, from the hyperplastic marrow of the shafts of the long

bones. It is necessary to press the marrow from the ribs either

by means of a bone-cutting forceps or by a vice and to make the

smears from the soft jelly-like mass which is extruded. The
smears may be made either with the edge of a slide or by dragging

some of the marrow over the surface of the slide, or, what is pref-

erable, by touching the slide with the marrow, leaving a series of

small areas of marrow tissue. In this way the leucocytes are not

so distorted as by the other methods of smearing, but the prepara-

tions, as a rule, are much too thick in the center of the drop to

permit of satisfactory examination, only the periphery being well

preserved.

For the special study of mitotic figures or nuclear structures

in the marrow cells, it is necessary to make a thin smear and to

harden this smear in some fixing fluid before drying takes place.

A good mixture for this purpose is strong ethyl alcohol, to each

100 c.c. of which ten to fifteen drops of strong formalin are added.

After fixation for ten minutes the slides may be stained

with hsematoxylin and eosin, dehydrated with alcohol, cleared
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with oil of origanum and embedded in balsam without permitting

the sUde to dry.

The Jenner stain may be used in the following procedure,

which the writer has found to give excellent pictures. The slide

is removed from the alcohol formalin mixture, washed off in pure

methyl alcohol and placed in the Jenner stain. It is left there

for three or four minutes, is removed, washed in distilled water to

differentiate the structures, and then is dehydrated by carbol

xylol or anilin oil xylol, blotting off the excess of 'water before

applying these reagents. The clearing must be rapidly carried

out, as otherwise the reagents extract the color from the cells, and

the moment the preparation loses its ground-glass appearance it

should be washed off with pure xylol in order to remove the car-

bolic acid or the anilin oil. The preparation is then mounted in

acid-free dammar and covered with a cover glass.

Smears from the lymph nodes or spleen are best made by drag-

ging freshly cut portions of one of these organs over the cleaned

surface of a glass slide. They may be either dried and stained in

the ordinary way or fixed in a moist condition.

FIXATION OF BLOOD SMEARS

The next step after obtaining proper smears of blood on either

slides or cover glasses, is to so fix the corpuscles that they will

not be dissolved by the staining fluid, but will take up the

dyes in a proper manner. For different stains different methods
of fixation are necessary. For instance, after fixation in strong

ethyl alcohol the neutrophile granules of the polynuclear leuco-

cytes can be demonstrated only in a very imperfect manner, while

after a suitable heating they are easily stained. The classic

method, which we owe to EhrHch, is fixation by heat.

Heat Fixation.—The simplest method of heating the smeared

slides or covers to the required 110-140 degrees C. is by the use

of a long copper plate, about an eighth of an inch thick, heated

at one end by a small Bunsen flame or even by an oil lamp or gas

burner. After about fifteen minutes, the surface of the plate will

have reached a constant temperature, and the site for placing the

slides or covers can be determined by dropping water on the sur-

face until a point is found where the water assumes the sphe-

roidal condition. A place about an inch beyond this gives the

proper temperature. By beyond is meant away from the lamp.
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A more accurate determination can be made by allowing small

drops of toluol, B. P. 110 degrees C, or xylol, B. P. 137 degrees

C, to fall on the plate and determining the site at which they
boil. A temperature of 110 degrees C. for one-half to two minutes
is quite sufficient to fix specimens for staining with eosin methylene
blue or with the EhrHch neutrophile stain. It is preferable to

place the air-dried smear face down on the hot surface of the

copper, as any variations in temperature, due to currents of air

in the room, are thus avoided, and also any difference due to the

varying thickness of slides or covers.

Small copper ovens are obtainable for the purpose of heat-

ing blood sHdes, and are much preferable to the copper plate,

as the temperature can be regulated quite accurately by a ther-

mometer suspended in the center of the hot chamber passing

through a perforated cork, which fits in a small opening left for

this purpose in the top of the oven. Equally convenient are the

ordinary sheet-iron, hot-air sterilizers, such as are used in bacteri-

ological laboratories for sterilizing glassware.

Another useful form of apparatus is what is known to chemists

as a Victor Meyer heater. This is a small, flat-topped copper

kettle with a long condensing tube, extending vertically, to con-

dense and return to the kettle any of the vapor which may be

formed. If a little toluol be boiled in the apparatus, the flat top

will immediately assume a temperature of approximately 107° C,
while if xylol be used the temperature will rise to about 135° C.

There is no danger in either case of the slides being overheated,

as there is when a dry heater is used without any special regulat-

ing mechanism. The higher temperatures are, as a rule, prefer-

able for blood which is to be stained with the Ehrlich neutrophile

stain, as the granules appear much more sharply in preparations

that have been carried to about 145° C, which can be obtained

by the use of cumol. The red cells, also, under these circum-

stances, stain of a pale straw color, and the nucleus if present is

much better shown than in smears baked at a lower temperature.

A very neat and convenient apparatus for fixing slides has

long been used by the writer with excellent results. It is one

of the small, flat-topped electric heaters which are sold for do-

mestic use. The temperature produced can be regulated by a

rheostat, and at its lowest point it remains quite constantly at

from 135° to 137° C. The slides can be faced down on the flat
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iron top and left until a proper fixation is reached without danger

of overheating or injury.

In all cases of heat fixation, it is necessary that the smears be

perfectly air-dried before any heat is applied, or the specimens

will be ruined. It is equally important not to put the smears in

an oven which has not been slightly heated previously, for the

vapor from the Bunsen flame, which passes up through the ordi-

nary dry sterilizer, condenses at first on the inner surface of the

oven and on any slides which may be in it, and, as the temperature

rises, this water will be again evaporated and the slides steamed

and ruined. Such preparations show only a faint yellow glaze

on the surface where the smear has been, and no trace of any blood

structure can be made out by staining. It is therefore always

best to allow the temperature to rise to at least 100° C, before

the smears are placed in the sterilizer.

Chemical Fixation.— 1. One of the earliest methods is that of

Nikiforoff, by which the slides are placed in a mixture of equal

parts of alcohol and ether and left for from fifteen minutes to two

hours. The neutrophile granules can be stained by the Ehrlich

stain, but the results are not so perfect as by heat fixation.

2. Strong ethyl alcohol forfrom two to ten minutes. Neutro-

phile granules are not well shown, but the method is all that is

necessary for the eosin-methylene blue stain for parasites of mala-

ria or for filaria. Methyl alcohol gives a much better fixation than

ethyl, and the neutrophile granules can be stained.

3. Combinations of formaldehyde and alcohol. Benario ad-

vises a 1 per cent, solution of commercial formalin in 85 per cent,

alcohol; Futcher prefers a \ per cent, in 95 per cent, alcohol.

The fluid is best made up fresh each time. Futcher adds four or

five drops of a 10 per cent, aqueous solution of formalin to ten c.c.

of 95 per cent, alcohol and uses immediately. The method allows

the staining of the neutrophile granules, and is especially good for

malaria plasmodia when stained with thionin. The time for fixa-

tion is about one minute.^

4. One or two per cent, chromic acid solution for ten to thirty

^ It should be remembered that when the term formalin is used the commer-
cial solution of formaldehyde is meant.

This solution contains about 40 per cent, of formaldehyde, so that a 10 per

cent, solution of formalin is only a 4 per cent, solution of the gaseous formal-

dehyde.
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seconds gives a good fixation for malaria stains, but the cell gran-

ules do not stain as well as in preparations fixed by other methods.

This procedure, which was originally recommended by Malassez, is

one of the simplest and quickest, as the fluid has only to be poured

over the slide and immediately washed off with water. Over-

staining with eosin should be avoided, as the red cells take the

stain much more strongly than they do after alcohol or heat fix-

ation.
STAINING BLOOD SMEARS

The methods of staining may be classified as twofold: one

aims to bring out a single point in the preparation and to suppress

all others ; the other is designed to show as much as possible of the

various elements present in the smear by staining each a character-

istic color. As examples, we may select the use of the thionin

stain for malarial organisms to illustrate the first principle, and

the Jenner stain for the second. With the thionin the organisms

and the cell nuclei are the only objects prominently stained.

The granules of the mast cells are not abundant enough to inter-

fere, nor will the careful observer mistake granular degeneration

of the red cell for small ring parasites. Thus the search through

the slide for the specific organism is rendered simple, as there is

nothing with which it can be reasonably confused. On the one

hand, if the preparation were stained with the Jenner, the diffuse

terra cotta of the red cells would make the recognition of the

Plasmodia much more difficult, while, on the other hand, in a

preparation of myelogenous leukaemia, the Jenner gives a picture

which for wealth of detail and selective staining can not be sur-

passed.

The theory of the formation of the more complicated of the

stains used in blood work is not altogether complete, but an out-

line is useful in order to understand the technical meanings of some

of the terms which have crept into universal use. Stains of the

methylene blue-eosin compounds are supposed to be based on the

formation, by the combination of these two dyes, of an entirely

new substance, which can stain the chromatic substance of the

Plasmodium malaria? or of bacteria, and yet is quite easily dissocia-

ble into its original constituents to seize upon the particular nu-

clear or cytoplasmic substance for which each dye has some affin-

ity. For example, the blue of the Jenner stains the nuclei, the

eosin stains the eosinophile granules, a purple combination of the
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two colors the neutrophile granules; still another portion of the

stain colors the mast-cell granules a purple quite distinct from the

nuclear blue of the same mast cell. In order to obtain a constant

staining of the chromatic substance of the parasites found in the

blood a slightly different combination from that devised by Jenner

is necessary, though the latter will occasionally show the chromatic

substance of the nucleus in the malarial organism. A more certain

form is the mixture devised by Nocht, and improved by Giemsa,

in which the eosin is mixed with a neutralized solution containing

both methylene blue and methylene azure. The special staining

compound is precipitated when the mixture is made, and is only

active in this nascent condition and in aqueoLis solution.

For the explanation of the action of the so-called neutral stains,

as suggested by Ehrlich, it is necessary first to define certain char-

acteristics which the different dyes possess. They may be divided

into acid and basic groups. The former, represented by orange G.

and acid fuchsin, are both disulphonic acid compounds, and give

a strong diffuse stain to the cell cytoplasm and to certain specific

granules of the leucocytes. Eosin is an acid dye in its general

staining action, but belongs to a different class and does not com-

bine well except with methylene blue. The basic dyes are those

which have an especial affinity for the chromatic portion of the

cell, and are best represented by methylene blue and methyl

green. When one of these basic dyes is added to one of the acid

type, a precipitate is formed of a new compound, which is capable

of staining ertain structures not distinctively colored by either

constituent. The neutral color is soluble in an excess of the acid

dye, and, therefore, if care is taken to have such an excess, there

will be formed an aqueous solution of three separate color values

—

basic, neutral, and acid. Methyl green contains three radicles,

which can unite with acid or an acid dye, and in the staining fluid

devised by Ehrlich, these three basic radicles are united with the

acid dyes, acid fuchsin and orange G., to make the so-called

triacid compound with the methyl green. Those portions of the

cell which chemically unite with the basic portion of the dye are

called basic or basophilic, those which combine with the neu-

tral element are neutrophilic, and those which combine with the

acid groups are acidophilic, or, more commonly, eosinophilic,

because the reaction was first noted with eosin, which is to be

classed with the acid dyes. This affinity for the various portions
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of the cell has nothing to do with the reaction of the tissues. For

instance, the cell bodies of both the lymphocytes and polynuclear

cells have an alkaline reaction, yet the first stain with basic dyes,

the other with the acid.

Eosin-Methylene Blue Stain.—One of the simplest and easi-

est stains to carry out technically is that by a 1 per cent,

eosin solution in 80 per cent, alcohol, followed by a .5 per

cent, aqueous methylene blue. If one is staining many slides,

the most convenient way is to keep the stains in small jars with

ground-glass caps (the so-called Coplin jars are excellent. Fig. 27),

and transfer the sUdes from one to another. The stains will keep

perfectly well for months if the ground surface of the cap is

smeared with a little vaselin. The eosin to be used is a brand

sold by Griibler under the trade name of

"Eosin, rein fiir Blutfarbung, franzosisch."

This will stain deeply enough if used in a

.5 per cent, solution ; other and less pure

kinds need a stronger solution and require

more time. Any of the better brands

of methylene blue may be used, though the

''rectified medicinal" is the

best. The eosin is to be used

first, for from ten seconds to

one minute, depending on the

method of fixation and the

kind of eosin ; the slide is then

to be washed in water and dried

with blotting paper. The dry-

ing may be omitted, but the stain is sharper if it is carried out.

It is then dipped in the methylene blue solution for a few sec-

onds to one minute, washed off with water, and dried. The
smear should be of a hght purple color, not a pure rose pink.

Before covering or examining with an immersion lens the slide

should be looked over with a low power lens such as Leitz No. 2

or No. 3. The quality of the stain can be judged of quite easily

and its depth determined by noticing the amount of color

present in the nuclei of the leucocytes. If satisfactory, a drop

of immersion oil can be placed directly on the surface of the dry

smear and the final examination made with an immersion lens.

The stain shows the red cells and eosinophile granules of a

CROSS-SECTION
SHOWING SLIDES
IN POSITION.

Fig. 27.

—

Coplin Jar.
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bright red, the bodies of the polynuclear neutrophiles pink, with

the granures shown occasionally when the slide is much over-

stained with eosin; the nuclei, the mast-cell granules, and the

bodies of the lymphocytes are blue.

Special Stains to Demonstrate the Neutrophile Granules in

the Bodies of the Leucocytes.

(a) The Ehrlich Triacid or Neutrophile Stain.—This stain has

been, perhaps, the most widely used for general blood work, but

does not demonstrate the basophilic mast-cell granulations nor

satisfactorily stain the plasmodia malariae, and is being rapidly

replaced by combinations of eosin and methylene blue. The

smear is preferably fixed by heat, the slide placed in the stain for

one to five minutes, washed with distilled water, dried and ex-

amined. The nuclei are stained green, the eosinophile and neutro-

phile granules red ; the basophile granules are usually not stained,

but occasionally a few granules may take a violet color; the red

cells are either red or pale yellow, depending on the temperature

of fixation. The higher temperatures give pale yellow corpuscles.

The stain is composed of saturated solutions of methyl green,

acid fuchsin, and orange G., in rather variable amounts. Ehrhch's

latest formula is:

13-14 c.c. of orange G. solution,

7 ' " acid fuchsin solution,

15 ' " water,

15 ' ' " alcohol,

12.5 '
' " methyl green solution,

10 ' ' " alcohol,

10 ' ' " glycerin.

The colors used must be chemically pure and added in the

order given. It is far more satisfactory to purchase the stain

ready made from Griibler than to attempt to make it up. The
solution is the best form; that which is sold in powder is less

useful, and the mixture "known as Ehrlich-Biondi-Heidenhain

solution is not suitable for blood work. Pappenheim has modi-

fied the stain by substituting methylene blue for the methyl

green, which is said to be an improvement, but the writer has

had no experience with the new dye.

(6) The Jenner Stain.—This stain is especially useful in clini-

cal work, as it rapidly fixes and stains the blood at the same time.

Its composition is based upon the fact that solutions of eosin
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and methylene blue mutually precipitate each other, and that the

new compound so formed has different staining quahties from the

two dyes which go to form it. This eosinate of methylene blue

had been made use of by Romanowski to give a differential stain

between the body of the malarial parasite and its nucleus, and
Jenner ^ modified the method so as to render it appHcable to gen-

eral blood work.

Equal quantities of a 1.2 per cent, solution in distilled water

of Griibler's water-soluble eosin, yellow shade, and a 1 per cent,

aqueous solution of Griibler's medicinal methylene blue are mixed
together in a beaker, well stirred and allowed to stand for twenty-

four hours. The metallic looking precipitate is filtered off,

washed thoroughly with distilled water until the filtrate shows

only a faint blue, scraped from the paper and dried in the air

without heating. For use, dissolve half a gram of the dry pow-
der in one hundred c.c. of pure methyl alcohol. ^ The stain may
also be made by simply dissolving the eosin and methylene blue

in the proper proportions in the methyl alcohol.

Blood smears are made in the usual way on shdes or covers

which have been cleansed with special care, so that there is no

free acid or alkali on them, a point which is essential to proper

working of the stain. The shdes may be kept in alcohol and
dried off when needed, though fresh slides need only polishing

with a cloth to render them clean enough. The air-dried blood

smears are dropped into the stain without previous fixation and
left for from one to three minutes. The specimen is at once

rinsed in distilled water till the film has a pale pink color, which

usually appears in five to ten seconds. Dry in the air and mount
in acid-free dammar. The red cells are stained a terra-cotta color,

the nuclei are blue, blood plates purple, the neutrophile and
eosinophile granules are red, the basophile granules and cell bod-

ies, bacteria, filaria, and malaria plasmodia, blue. The granules

of the mast cells often show a distinct purple shade in contrast

to the pure blue of the nuclei of the leucocytes.

Smears which have been kept for a few weeks do not stain as

well with the Jenner as do perfectly fresh preparations ; as there is

a tendency to overstain with the methylene blue component of

^ Lancet, 1899, vol. i, p. 370.

^ Kahlbaum's pure methyl alcohol is expensive, but is the best. Merck's

pure alcohol, however, may be used.
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the mixture. This difficulty can, to a certain extent, be reme-

died by rinsing the stain as usual in water until no more color is

given off, and then extracting the surplus methylene blue by dip-

ping the slide, for a few seconds only, in from 60 to 80 per cent,

ethyl alcohol and again rinsing in water. In smears not over a

few months old, this process often serves to make excellent prep-

arations, the granulations of the various cells showing as well as

in perfectly fresh smears; but in slides which have been kept for

a year or more it is difficult to regain the peculiar selective proper-

ties which this stain shows in fresh slides, the methylene blue

staining everything diffusely. For this reason it is advisable, in

storing slides from a rare case for future study, to coat each side

with melted paraffin and thus protect it from the chemical action

of the air. The paraffin is easily removed by xylol.

Special Stains for Malarial Parasites.—(a) The Nocht^ Stain

for the Chromatin of the Malarial Parasite.—The ordinary eosin and

methylene blue stain, or the thionin stain, as commonly used in

staining the malarial parasite, gives little or no evidence of a

nucleus. Occasionally, in a well-stained Jenner preparation, the

nuclear chromatin is stained red, but this result is quite incon-

stant. In order to obtain a nuclear stain for the purpose of

investigating the nuclear transformations, Nocht has modified

the stain originally devised for this purpose by Romanowski, and

has rendered the obtaining of constant results a matter of some

ease. He employs aqueous eosin "w.g.'' and polychrome meth-

ylene blue. The latter is a 1 per cent, methylene blue solution

which has been altered chemically by heating with .5 per cent,

sodium carbonate for two days to a temperature of 55° C. This

altered solution contains a dye which when combined with eosin

is capable of staining the nuclear substance of the malarial para-

site a bright-red color.

The staining mixture is made up by adding two to three drops

of a 1 per cent, aqueous eosin to two c.c. of water. The poly-

chrome solution is then added drop by drop until the red color of

the eosin is only faintly visible. The preparation, which has been

fixed in methyl or ethyl alcohol, is then laid face down in the solu-

tion. This is to prevent the precipitate, which immediately forms

in the eosin-methylene blue solution, from being deposited on the

» Cent. f. Path., Bd. xxv, 1899, p. 764.
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preparation. Staining is complete in five to ten minutes. Wash
in water, dry, and examine with an oil immersion.

(b) The Wright Chromatin Stain.^—The stain is a modifica-

tion of that published by Leishman ^ and is especially suited to

the demonstration of malarial parasites and degenerations in the

red cells. It is not equal to the Jenner stain for general clinical

work.

Preparation of the Staining Fluid.—A ^ per cent, solution of

sodium bicarbonate is made up in distilled water, and 1 per

cent, by weight of powdered methylene blue is added. Any of

the methylene blues sold by Ghibler may be used, such as

"BX,'' "Koch's," or "Ehrhch's Rectified.'' The mixture is

then put in a flask and steamed in an Arnold steam-sterilizer for

an hour, counting from the time when the temperature of the

apparatus is about 100° C. The mixture is then removed from

the sterilizer and allowed to cool. When cool it is poured into

a dish or flask and a one part to one thousand solution of eosin

(Griibler, yellowish, soluble in water) is added, until the mixture

loses its blue color and becomes purple with a yellowish metallic

scum on the surface. Close inspection shows a fine granular

black precipitate in the fluid to produce which requires about

five hundred c.c. of eosin solution for one hundred of the alka-

line methylene blue. The precipitate is collected on a filter and
allowed to dry without washing. When thoroughly dry a sat-

urated solution in pure methyl alcohol is made. Three deci-

grams of the dry precipitate will saturate one hundred c.c. of

alcohol in a few minutes. The alcoholic solution is then filtered,

and to eighty c.c. of the filtrate, twenty c.c. of methyl alcohol

are added. The object of diluting the saturated solution is to

prevent precipitation of the dye on the blood film in the process of

staining. This somewhat diluted alcoholic solution of the precipi-

tate is the staining fluid. It is permanent, but should be care-

fully protected from evaporation and moisture by tight corking.

Staining the Blood Film.—If the blood is spread on a cover

glass, the solution may be put in a small Stender or Petri dish ; if

on a slide, a Coplin jar is the most convenient. The staining

fluid is to remain in contact with the film for one minute. The

^ Journal of Medical Research, vol. ii, 1902, p. 138.

2 British Medical Journal, 1901, p. 635.
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slides or covers are then removed and water dropped on the sur-

face of the smear until a metallic scum forms on the surface of the

mixture, and a reddish tint develops at the margins, more dye

being added if necessary. The preparation is then left for three

to ten minutes, during which time the differential staining takes

place. It is then washed in water. The film now has purple

or blue color, and if examined with a microscope the red cor-

puscles will be seen to have a blue stain. The next step is to

develop the differential staining of the various forms in the prepa-

ration. This is done by washing in distilled water until the thin

portions of the smear appear yellowish or a faint pink. If the

process of differentiation is to be accurately observed, the slide,

still covered with water, can be placed on the stage of a micro-

scope and examined with a low power. The red corpuscles should

be pink, the nuclei of the leucocytes, red, the cell bodies of the

lymphocytes, a bright blue. As soon as this stage is reached, the

slides should be dried off with thick blotting paper, preferably the

smooth-surfaced variety used by photographers, called "Royal,''

covered directly with oil and mounted in xylol dammar. Films

of blood which are over one month old do not give good results.

To bring out the chromatin of the malarial parasite very strongly,

the staining process should be longer than as given above, and

the washing in water should be for a shorter time.

(c) The Goldhorn Stain.—A useful modification of the Nocht

stain has been devised by Goldhorn, ^ who fixes the blood for one

minute in methyl alcohol. The fixed smear is stained for a few

seconds with a .1 per cent, solution of water-soluble eosin of the

yellow variety. The smear is washed in water and stained with

a faintly alkaline solution of a special polychrome methylene

blue for fifteen seconds to two minutes. The length of time

must be determined by experiment and depends apparently upon

the alkalinity of the solution. The polychrome solution is pre-

pared by dissolving 2 grams of methylene blue in three hundred

c.c. of water and then adding 4 grams of lithium carbonate.

The mixture is heated over a water bath for fifteen minutes and

filtered through cotton. The mixture should be faintly acidulated

with dilute acetic acid and then enough lithium carbonate added

to render the fluid faintly alkaline. The exact point is best deter-

* Proceedings of the New York Pathological Society, N. S. vol. i, p. 9, 1901.
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mined by trial stains in which the alkaUnity is increased until the

red cells take on a little of the blue. The results are difficult to

secure unless the proper reaction of the dye is obtained, and when
successful are not so clean-cut as those obtained by the Nocht

method, though the rapidity of the method renders it a useful one

for chnical purposes.

The preparation should be examined by a medium power dry

lens, and if the nuclei of the leucocytes are of a carmine red the

stain is successful and further investigations of the smear may
be made with an immersion lens.

(d) Eosin and Methylene Azure Stain.—Giemsa^ has shown
that these complicated methods of preparation of the dyes for

staining malarial parasites can be simplified by the substitution

of the pure staining substance extracted from the polychrome

methylene blue, the peculiar staining properties of this substance

being due to the presence of methylene azure.

This dye can be obtained in two forms from Griibler. One
is pure methylene azure, which contains no methylene blue,

so that the stain produced is almost wholly a chromatin stain, the

second preparation is a combination of equal parts of methylene

azure and medicinal methylene blue (Hochst), and is sold under

the trade name of ''Azure II for blood staining." A stock solu-

tion of this ''Azure 11" containing eight decigrams to the Uter

of distilled water is permanent when kept in dark-colored bottles.

When mixed with suitable amounts of a dilute solution of eosin

"Hochst, extra, water soluble," it gives exceedingly clear and satis-

factory stains for blood smears, and what is especially important,

on preparations which have been kept for a year or two without

staining. It is well known that such specimens can not be stained

by the Jenner or Wright mixtures or by eosin and methylene blue,

the only dye which can be used on old sUdes being EhrHch's

triacid stain.

The staining mixture is prepared by mixing ten c.c. of a

solution of the eosin containing 5 centigrams to the liter with

one c.c. of azure solution. The mixture is poured into a small

flat dish and the preparation, which has been fixed in alcohol, is

laid in the solution with the smeared side down. The staining

is complete in from fifteen to thirty minutes. The smear is

1 Centralblatt f. Bakt., Bd. xxxii, 1903, p. 307.
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washed for fr-om five to ten seconds by means of a strong stream

of water and mounted, after drying in the air, in xylol dammar
or in acid-free Canada balsam. The commercial balsam and

dammar, made up with oil of cedar as a solvent, bleach these prepa-

rations very rapidly. The smears should not be dried by heat as

the stains are faded by a comparatively low temperature, nor

should they be allowed to lie exposed to strong light for any

length of time, and should be especially protected from direct

sunUght, as the characteristic chromatin stain fades in a few hours

when exposed to sunlight. As a rule no precipitate is produced

in this staining mixture. If, however, on long staining, there is a

slight granular deposit on the smear, it can be removed by dipping

the preparation in strong alcohol for a fraction of a second and

immediately washing off in distilled water. Old preparations

should be treated with a more dilute mixture than the above

and allowed to stand for a long period, even overnight.

The writer has shown ^ that this process can be simphfied for

clinical purposes by using stronger solutions of the dyes. The

slides should be fixed in strong methyl alcohol for from one to five

minutes and then stained with a one to one thousand aqueous

eosin solution until the smear assumes a faint pink. The excess of

the eosin is then poured off and a few drops of a J per cent,

aqueous solution of methylene Azure II placed on the surface of

the blood.

The staining can be watched under the low power of a micro-

scope, and when the nuclei of the leucocytes have assumed a

red color the process is completed. Half a minute is often suffi-

cient with fresh preparations. The slide is washed off by a

strong stream of distilled water, blotted with smooth surfaced

''Royal" paper and dried in the air. If the preparation is over

a month old the stain is likely to contain an excess of blue. This

can be removed by dipping the slide momentarily into 60 to 70

per cent, alcohol, and washing off with distilled water. One treat-

ment of this sort will not decolorize the chromatin of the malarial

parasite. If haste in preparation is not essential decolorization

can also be obtained by allowing the slides to stand in distilled

water for from one to two hours, when a more gradual and perfect

differentiation of the various forms will take place. One draw-

1 Medical News, vol. Ixxxiii, 1903, p. 248.
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back to all these chromatin stains is that, as a rule, the neutro-

phile granules of the polynuclear cells are not well defined. To

obtain a good granulation stain it is necessary to fix the prepara-

tions somewhat longer in methyl alcohol, and then to stain them

either for a very long time in dilute solutions or for a short time in

a concentrated mixture, preferably allowing some of the eosin to

remain on the surface of the sHde and mix with the methylene

azure. As the combination of the two substances is the staining

agent, if the slide be w^ashed free from excess of eosin, only that

amount of this substance which remains in the cells themselves

gives rise to the chromatin stain when the azure is added. It is

necessary, therefore, to use a mixture of both stains to obtain

deeply colored preparations.

(e) Thionin Stain for Malarial Parasites.—This stain, which

was first suggested by Marchoux,^ is especially useful in connec-

FiG. 28.

—

Ehrlich Eyepiece with Iris Diaphragm.

tion with smears fixed by formaUn and alcohol. It is made by

adding to one hundred c. c. of 2 per cent, carbohc acid, twenty c. c.

of saturated solution of thionin in 50 per cent, alcohol.

The stain should ripen for a few days before being used, and

improves with age. It requires about fifteen seconds for its action.

The Plasmodia are exceedingly well shown as deep purple, irregu-

lar masses in the faint green bodies of the red cells, and their recog-

nition is much easier than in preparations stained either with

eosin-methylene blue or Jenner. This is also a good stain for the

very thick smears recommended by Ross in searching for crescents,

1 Ann. de I'Institut Pasteur, p. 640, 1897.
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when the number present in the blood is very small. Prepara-

tions stained with thionin are usually not permanent, but fade in

the course of a year or so even if kept in a dark place, and much

more rapidly in the hght.

THE EXAMINATION OF STAINED SMEARS

DIFFERENTIAL COUNTING

In the examination of stained smears a mechanical stage is of

great assistance in thoroughly and systematically searching the

preparation, especially when looking for malarial parasites. An
oil immersion lens should be used, though when merely looking

for megaloblasts in slides from suspected pernicious anaemia,

a Zeiss or Spencer 8 mm. apochromatic lens with a high eye-

piece is to be preferred. In making differential leucocyte counts

an Ehrlich eyepiece (Fig. 28), is very convenient, the field being

square and Hmited to that portion sharply defined by the objec-

tive. In making differential counts of the leucocytes in a stained

smear, it is best to count at least two hundred for a rough esti-

mate, and five hundred if the results are to be fairly accurate.

The results may be tabulated in percentages ; thus, polynuclears,

74 per cent., lymphocytes, 24 per cent., etc. Or the propor-

tions obtained may be expressed in numbers per cubic milli-

meter. Thus, if the total leucocyte count be 10,000 to the cubic

millimeter, and there are 70 per cent, polynuclear cells, it is

evident that there are 7,000 of the latter to the cubic miUimeter.

By expressing the amounts in this way it is easy to determine at

a glance a relative increase from an absolute increase in the

number of any group of leucocytes. Degenerated cells should

also be included in the count, especially in the leukaemias.

If large numbers of nucleated red cells are present, they may
be enumerated separately and their number to the cubic milli-

meter determined by comparing the number obtained during the

differential count with the number of leucocytes seen at the same
time. As the nucleated red cells are usually counted as leucocytes

in the hsemocytometer chamber, and if ten are enumerated during

a differential count of 490 leucocytes, evidently 2 per cent, of

the total number of leucocytes enumerated in the counting

chamber are nucleated red cells. If the leucocytosis as deter-

mined in the counting chamber was 10,000, and 2 per cent, of

8
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that number of cells were nucleated reds, the erythroblasts are

two hundred to the cubic millimeter.

MORPHOLOGY OF THE RED CELLS

TYPES OF RED CELLS (ERYTHROCYTES) FOUND IN NORMAL BLOOD

In stained smears of normal blood, the cells appear as circular

disks with a central pale area, gradually shading off to a deeper

color at the periphery. These cells average 7.5 micra; yet even

in normal blood there are considerable variations in size, ranging

in adults between 6.5 and 9.3 micra, and 3.3 and 10.5 micra in

children. With all ordinary stains the stroma of the red cell

remains unstained, the haemoglobin only taking the color. If,

therefore, one is famihar with the depth of color which a given

stain—for instance, eosin—affords after a certain fixation, then

it is possible to judge, with some reserve, of the quantity of haemo-

globin present in the corpuscles in a smear. The variation is

especially well seen in cells whose central depressions are well

marked, leaving, only a faint peripheral ring of stained substance.

The normal red cell is orthochromatic ; that is, it stains with

acid dyes, for example, eosin, and does not take up any portion

of the color from the basic group.

In chlorotic, post-haemorrhagic and secondary anaemias, the

quantity of haemoglobin is usually diminished in the cells quite

uniformly, while in pernicious anaemia the quantity of haemoglobin

is normal or relatively increased in the cells ; but this does not hold

absolutely in every erythrocyte, for even in chlorosis, the type

of disease in which the haemoglobin is reduced, an occasional cell

may be found staining deeply and evenly, while in pernicious

anaemia ring-shaped erythrocytes may be seen which are only faint

shadows of the ordinary cell. The central pale depression varies

a great deal in individual normal corpuscles; some have larger,

others smaller central depressions ; while occasionally a cell stains

uniformly with no evidence of the normal biconcavity. This

is especially true in smears which have been spread very thin

and have dried instantly, as the corpuscle is fixed in its flattened

position by the drying of the film before it can recover its bicon-

cave shape. In the thicker portions of the slide, however, where

the extra quantity of serum has prevented instant drying, the

central pale area is much more marked. This fact must be borne
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in mind while examining slides of chlorosis, for in the thin parts

of the smear no central depression may be noted in red cells which
are highly anaemic. The circular form of the normal red cell is

very constant, but occasionally forms are seen a little oval in their

outline or slightly pear-shaped (Fig. 29). Care must be taken

not to confuse these oval shapes with those seen in roughly pre-

pared slides. When the deformity has been produced mechanic-

FiG. 29.

—

Normal Blood. Note the slight variations in size, shape, and depth of

coloring. Magnified 700 diameters.

ally, a large number of cells are affected, and the long axes of

the ovals or the tips of the pear-shaped forms all point in approxi-

mately the same direction.

Crenation of the red cells is a very commonly observed arte-

fact, due to the slow drying of the blood smear or to the evapora-

tion of the watery constituents of the serum in fresh preparations.

It is occasionally observed in severe anaemias. Crenation is often
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induced more rapidly and easily than in normal blood, in the

blood of persons suffering from acute infections and from chronic

diseases, especially those in which there is marked alteration in

the composition of the blood, as, for example, in nephritis, acute

yellow atrophy, icterus neonatorum, and cirrhosis.^

TYPES OF RED CELLS FOUND IN ABNORMAL BLOOD

A. Cells without Nuclei, but of Abnormal Size and Shape

Megalocytes are large cells of regular shape and even staining,

generally without a well-marked central depression. They appear

in pernicious and severe ana3mias. Rarely one sees, in extreme

cases, enormous, very faintly stained cells, whose surface shows

distinct folds or wrinkles, and whose edges fade away quite grad-

ually into the general pink stain of the serum on the sUde (Fig.

30). These dropsical and imperfect cells often show faint rem-

nants of a nuclear structure. ^ Megalocytes may be polychro-

matophihc or show granular degeneration.

Microcytes are very small cells, not over 5 micra in diameter,

which are seen in all severe anaemias. They stain deeply and
evenly, as a rule, and may show polvchromatophilia. (Plate II,

Fig. 14.)
^ "

;^^

Poikilocytes are irregular pear or hour-glass shaped cells,

which may appear in any anaemia. They may stain deeply or

show a considerable central depression and occasionally contain

granules or show polychromatophiha."^ (Plate II, Fig. 15.)

B. Cells with Nuclei

Normoblasts are nucleated red cells of the same size as the

normal, that is, between 7 and 8 micra in diameter. (Plate II, Figs.

16 to 22.) The nucleus is, as a rule, central and usually single,

though often irregular forms are seen, especially the so-called

clover-leaf form, or even nuclei with lobulations. These lobular

^ For further discussion of this subject, see :—M. Jogichess : Inaug. Diss.

Berlin, 1900.

2 Cahot : Journal of Med. Research, N. S. vol. iv, 1903, p. 15, figures a num-
ber of ring-like structures in the red cells and consider them as probably nuclear

remnants.

3 Anisocytosis is a term which has been suggested to designate the condition

found in blood in diseases where there is great variation in the size of the cells

without reference to their forms.
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nuclei must be carefully distinguished from nuclei with division

figures, with which they have nothing to do. The irregular struc-

ture probably indicates a degeneration of the nucleus. Occasion-

ally a cell is seen containing two distinct nuclei, one usually

much smaller than the other.

These normoblast nuclei are distinguished from all others of

the same size by their intense staining, and by the fact that the

Ob

••

Fig. 30.

—

Pernicious Anemia, Showing Poikilocytosis, Anisocytosis, and
Wrinkling of the Megalocytes. Magnified 700 diameters.

nucleus shows either no nuclear network, only a homogeneous

mass of chromatin, or a coarse chromatin arranged more or less

radially. Practically the same morphology is shown by the

lymphocyte nuclei, especially in pernicious anaemia, when a dif-

ferential diagnosis is sometimes difficult. The small, deeply

staining pycnotic nuclei are sometimes set free in the circulating



DESCRIPTION OF PLATE II

Stained by the Jenner Method

1. Normal red cell.^

2. and 3. Anaemic red cells.

4. Crenated red cells.

5. Normal sized cell with excess of haemoglobin. From blood of per-

nicious anaemia.

6 and 7. Polychromatophilic red cells.

8. Polychromatophilia with granular degeneration.

9, 10, 11, and 12. Various types of granular degeneration.

13. Macrocyte.

14. Microcyte.

15. Poikilocytes.

16. Normoblast with well-marked chromatin network such as is seen in

infant blood or anaemia from haemorrhage.

17. Normoblast with pycnotic nucleus. From case of chlorosis.

18. Normoblast showing karyorrhexis.

19 and 20. Normoblasts showing karyolysis.

21. Microblast.

22. Poikiloblast.

23. Orthochromatic megaloblast with well-marked chromatin network in

the nucleus.

24 and 25. Polychromatophilic megaloblast corresponding to Engel's me-
trocyte of the first generation.

26. Polychromatic megaloblast. Cell body undergoing solution in the

blood plasma.

27. Megaloblast with small nucleus corresponding to Engel's metrocyte of

the second generation.

28. Megaloblasts showing karyorrhexis.

29. Megaloblast with pycnotic nucleus.

30. Megaloblast with nucleus undergoing karyorrhexis,

31. Megaloblast with pycnotic nucleus.

32. Very large polychromatophilic megaloblast (Gigantoblast).

33. 34, 35, 36, 37. Different stages of mitosis in a normoblast.

38. Transitional leucocytes.

39, 40, 41, and 42. Polynuclear neutrophile leucocytes.

• 43. Polynuclear cell of the neutrophile type but without granulations.

44, 45, and 46. Cells with eosinophile granulations as found in normal

blood.

47, 48, and 49. Cells with basophile granules as found in normal blood.

50, 51, 52, 53, 54, 55, 56, and 57. Various types of lymphocytes as found

in normal blood,

58. Large mononuclear cell.

59 and 60. Large lymphocytes.

61. Indeterminate type of cell resembling a large lymphocyte or a poly-

chromatic megaloblast, often called "irritation forms."

62. Small lymphocyte containing haemoglobin.

63. Normoblast with a polychromatophilic cell body.

64 and 65. Free nuclei from small lymphocytes.

1 Plates II to IX are drawn to a scale of 1,000 diameters, so that 1 millimeter

equals 1 micron.

94



0<i)^««#23 45 6 7 8 9 lolllii

^Ah
U 15

C7

« ' -k.

28

33

24
25

29

^
30

^(^n^ai^N

34 35

m
40

Hi 17 1« ii* -Ju 21 22

y* ^
31

36

41

27

^
32

% •
37

Z
42

43

44 45

46

m
47

.0

48

50
51 52 53 54 55

56 57 58

• # v.f. 9
64

59 60 61 .

^

PLATE II.—TYPES OP BLOOD CORPUSCLES.

65





THE MORPHOLOGY OF BLOOD 95

blood, either by extrusion from the body of the red cell or by the

gradual dissolution of the cytoplasm, and may be recognized by

the pecuhar depth of stain and small size. Mitotic figures are

not infrequently found in the nuclei of normoblasts, especially

in acute lymphatic and myelogenous leukaemia and in the

pseudoleuksemic anaemia of children. Under these conditions the

protoplasm of the cell body often shows a combination of gran-

ular degeneration and polychromatophiha which causes it to

resemble very much the protoplasm of the large lymphocytes.

(See Figs. 61 and 63, Plate II.)

Megaloblasts are large red cells, two to four times as large

as the average red cell. The nucleus is larger than that of the

. /

Fig. 31.

—

Megaloblast Showing Chromatin Network in the Nucleus.
Magnified 1,000 diameterKS.

normoblast and contains, as a rule, a well-marked chromatin net-

work, which is especially well brought out in specimens stained

either with Jenner or with hsematoxylin (Figs. 31 and 32). The
margin of the nucleus is often very vague and indefinite, shading off

quite gradually into the cell body. This difficulty of distinguish-

ing between the nucleus and cell body is increased by the fact that

while the latter is often orthochromatic it may be highly poly-
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chromatophilic, while the nucleus, as a rule, has much less affinity

for basic dyes than the normoblastic nucleus. Punctate degener-

ation of the body of the cells is occasionally present. The general

shape of the cell is circular, although oval and irregular forms

occur. Especially in the larger cells—the so-called gigantoblasts

—

there is often seen a peculiar vacuolation of the cytoplasm.

Fig. 32.—Two Megaloblasts with hi.xsi; Chromatin Network in Nuclei.

Resting Stage, Magnified 1,000 diameters.

There is occasionally considerable difficulty in distinguishing

between a large normoblast and a small megaloblast. The two

points of difference are : the normoblast rarely exceeds 10 micra in

diameter and the nucleus shows Httle or no chromatin network,

while the megaloblast is over 10 micra and its chromatin network

is well marked, especially with the Jenner stain.

Occasionally, however, the nucleus of the megaloblasts be-

comes compact and may even assume the pycnotic or clover-leaf

type so frequently seen in normoblasts (Fig. 33). Pappenheim is

inclined to the opinion that all these cells should be classed as

normoblasts regardless of the size of the cell body ; but from a

diagnostic point of view it is better to adhere to the classifica-

tion based upon the size of the cell rather than upon the structure

of the nucleus, which is often difficult to make out. EngeP

1 Klin. Untersuchung des Blutes, Berlin, 1902.
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points out the morphological resemblance of the megaloblasts

with pycnotic nuclei to the red cells found in the foetal blood and

termed by him metrocytes of the second generation ; the metro-

cytes of the first generation being the large, often polychromatic

t*
. :.. .1^

*#

Fig. 33.

—

Megaloblastic Crisis from a Case of Pernicious Anemia, The
Nuclei are Pycnotic and Show no Chromatin Network. Magnified

700 diameters.

megaloblasts found in the liver of the foetus and in advanced

pernicious anaemia and occasionally showing mitotic figures.

(Plate II, Figs. 23 to 32.)

Microblasts are very small nucleated cells, which occur but

rarely in the blood, but may be occasionally seen in leukaemia and

post-haemorrhagic anaemia. (Plate II, Fig. 21.)

BASOPHILE SUBSTANCES IN THE RED CELLS

The body of the red cell occasionally stains more strongly with

basic dyes than normal. This basophiha appears in three forms

:

1. Diffuse, homogeneous basophile staining of the cytoplasm

of the red cells, called also polychromatophilia.

2. Basophihc granules scattered through the otherwise normal

cytoplasm.
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3. So-called stippling or malarial dotting of the red cell.

The first two conditions may be considered together, for where

one is present in the blood to a marked degree the other is also,

with the exception of lead-poisoning, where the granular de-

generation of the red cells is the prominent feature of the blood

changes and the diffuse degeneration may be small in amount.

Apart from lead-poisoning, the appearance of this degenerative

change in the erythrocyte cell body is common in pernicious

anaemia, leukaemia, and many of the secondary anaemias, even in

chlorosis. It is sometimes well marked in malaria. Granular

degeneration can also be induced by poisoning with copper, cobalt,

thallium, arsenic, or by inhaling carbon monoxide.

^

The change is best made evident by such stains as methylene

blue, thionin, or haematoxylin, and is not well shown in prepara-

tions colored with the triacid stain. It appears in either nucleated

or non-nucleated cells, usually to a more marked degree in nucleated

cells. When no nucleus is present the cell is quite often perfectly

normal in size and shape. The individual granules may be quite

coarse and few in number or very fine and abundant. They

usually occupy the periphery of the cell. As a rule, large and small

granules do not exist together in the same cell. Occasionally the

whole cell takes a diffuse stain ; that is, it is polychromatophilic,

while scattered through the degenerated cytoplasm are large num-

bers of coarse or fine granules. The form of these granules is quite

variable: they may be round, angular, or rod-shaped; they fre-

quently resemble small pneumococci. Rarely ring-shaped forms

may be observed, which mimic very closely the early ring forms of

the malarial parasite. (Figs. 6 to 12, Plate II.)

Their origin is probably twofold : a degeneration of the proto-

plasm of the red cells, and a breaking up of the nucleus of the red

cell (karyorrhexis) . (Figs. 28 and 30, Plate 11.) In lead anaemia the

first condition is the more probable, for often the punctate degen-

eration is the only change noted in the blood, and may be absent

from the red cells of the bone marrow, indicating that the condi-

tion is due to a toxic necrosis taking place in the peripheral circu-

lation, and not due to the action of the lead on the young cells

of the bone marrow or their precursors, the normoblasts. The

opposite is true in artificial phenylhydrazin anaemia in rabbits

^ Keil : Inaug. Diss., Rostock, 1901.
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\

and in pernicious anaemia and leuksemia in man, for, under these

conditions, the bone marrow is filled with polychromatic cells

with ragged-edged and degenerating nuclei, while in many of

the cells the process of the breaking down of the nucleus and the

distribution of its chromatin throughout the cell body can easily

be seen in all its stages. In these diseases also, the degeneration

is most marked in the nucleated cells of the peripheral circula-

tion, while in lead-poisoning the change appears in cells other-

wise normal, and nucleated corpuscles may be absent from the

blood. Some observ-

ers ^ are inclined to

consider both these

changes as purely re-

generative in nature,

and Schmidt^ has de-

veloped experimental

evidence of consider-

able value which points

toward the regenera-

tive character of the

changes in the red cells

of which the granules

are the expression.

Basophilic stippling

of the red cells, when
the latter are stained ^^«- 34.-Karyorrhexis in a Megaloblast.

. . Pernicious Anemia. Magnified 1,000 diam-
by a dye contammg ^^^^.^

methylene azure, is fre-

quent in erythrocytes invaded by the parasite of tertian malaria,

and may be seen also, after appropriate fixation, in a^stivo-

autumnal fever,"^ but not in quartan. The appearance has

been considered as indicating an early stage of granular degen-

eration, but it is much more probable that it is due to a coagu-

lation of the proteid of the red corpuscle made evident b}'

the overstain taken up by the nodal points of the coagulum.

The writer has seen stipphng and granular degeneration in the

^ Cabot : Journal of Med. Research, vol. iv, 1903, p. 15.

2 Schmidt : Exp. Beit. z. Path. d. Blutes, Jena, 1902.

3 Argxitinsky : Cent. f. Bakt., Bd. xxxiv, 1903, p. 144.
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same red cell. The granules do not stain with the ordinary basic

dyes, but only with azure stains, in distinction to the punctate

granules which take either stain. (Plate IX, Figs. 28, 44. 47.
")

MORPHOLOGY OF THE BLOOD PLATES

These bodies are small, amoeboid, oval, or spherical masses,

from 1 to 3 micra in diameter, which are present in large num-

bers in freshly shed blood. During coagulation they collect to

form masses from which the fibrin network radiates. With stains

containing methylene azure a distinct central red mass can be

demonstrated, which is by some considered as a nucleus (Plate III,

Fig. 90). Their number is difficult to determine, because of the

rapid formation of clumps, which takes place as soon as the blood

is shed. Different observers give from 200,000 to 860,000 per

cubic millimeter.

Among the various views as to the origin of the blood plates

may be considered the following:

1. That they are derived from the red cells.

2. That they are derived from leucocytes.

3. That they are independent nucleated bodies.

The last view has gained some support from the fact that these

minute bodies show faintly staining chromatin masses in their

centers when colored with eosin-methylene azure ; and that they

have independent motion. Their relations to coagulation have

been generally considered as mechanical; but recently some ob-

servations have been made which point to the blood plates as the

source of some of the substances which give rise to clotting. Mora-

witz 1 has recently reviewed the subject, and in his opinion the

blood plates give origin to that portion of the fibrin ferment which

has been named thrombogen, the combination of which with the

thrombokinase and calcium salts is the body usually known a?

fibrin ferment. After shedding the blood the thrombogen is ac-

tivated by the thrombokinase, which may be derived from the

tissue juices, and in the presence of fime salts clotting takes place.

No facts of clinical value have been as yet made out from the

study of the blood plates.

^

^ Deut. Arch. f. klin. Med., Bd. Ixxix. 1904, p. 1.

2 For a general review of the subject, see :

—

Schwalhe : Lubarsch and Oster-

tag's Ergebnisse d. Allg. Path., 1904.
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MORPHOLOGY AND RELATIVE PROPORTIONS OF THE
LEUCOCYTES

TYPES OF LEUCOCYTES IN NORMAL BLOOD

L5miphoc3i:es.—These are cells with a very narrow cell body

which surrounds a relatively large, round, concentric or only

slightly eccentric nucleus. They vary in size from about the

diameter of a red cell to twice that size. The small lymphocytes

are found chiefly in the normal blood of adults, the large ones in

the normal blood of children, in lymphatic, and occasionally, in

myelogenous leukaemia. The cell body stains more deeply with the

basic dyes—such as methylene blue—than the nucleus, and sur-

rounds the latter, in the smaller lymphocytes, as a mere narrow

ring. In the large lymphocytes the cell body is wider and often

shows a granular, irregularly stained network which simulates

true granulation. The periphery of the cell is frequently quite

ragged ; sometimes without distinct projections, at others with

large masses jutting out from the border. These masses may
sever their connection with the cell and appear free in the blood,

especially in lymphatic leukaemia. The nucleus is usually spheri-

cal, but it may have a sharp indentation on one side or, in lym-

phatic leukaemia, may break up into irregular nuclei. With the

triacid stain the nucleus usually shows but little structure and is

faintly stained ; the cell body is usually invisible, or seen only as

a faint pink ring. With the Jenner stain, on the contrary, the

nucleus of the larger forms frequently shows a nuclear network

and nucleoh, and the cell body is usually deeply stained and of a

dark-blue color, unless the shde has been washed in tap water,

when the body of the cell is often paler than the nucleus. (Plate

II, Figs. 50 to 65, Plate III, Figs. 80 to 87.) With stains contain-

ing methylene azure the nucleus is colored a very deep carmine

or reddish purple, showing a coarse chromatin network, while the

cell body takes a pale Prussian blue color, deeper in the small

forms and lighter in the large lymphocytes and the large

mononuclears.

A few of the lymphocytes in health and a considerable pro-

portion in certain severe anaemias show scattered granules. These

do not stain with the triacid, but can often be seen in Jenner
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preparations and more perfectly still after staining with eosin-

methylene azure. The exact status of these granules has not as

yet been determined. Michaelis and Wolf ^ are inclined to regard

them as of the same importance as the other types of granulations,

but Ehrhch suggests that they are degenerative in nature. Xhe
writer has noted them most often in severe anaemias. They

were especially numerous in the lymphocytes of a case of fatal

aplastic anaemia following thrombosis of the renal vessels. In

leukaemia, where there is much karyorrhexis of the lymphocyte

nuclei, these granules are apt to be very abundant in the necro-

sing cells, and very often fragments of the nucleus can be seen

budding out into the protoplasm of the cell body and taking the

same stain as the granules which surround it. (Plate III, Figs.

83 to 87.)

The lymphocytes form 22 to 25 per cent, of the white cells of

normal adult blood, but are somewhat more abundant in the

blood of the new-born. They are derived from the lymphoid

tissue in the body, including that of the bone marrow.

Large Mononuclear Cells.—These are large cells, two to three

times the diameter of the erythrocytes, with a large oval eccentric

nucleus and a rather abundant cell body. The nucleus stains

more deeply than the cell body, the latter in triacid prepara-

tions being visible only as a mere transparent area against the

faint diffuse stain of the serum of the blood smear, while the

Jenner stain gives a pale blue body, and methylene azure a

robin's-egg or Prussian blue. The cell body may contain a

few granulations when stained with methylene azure. These

cells form only 1 per cent, of the total leucocytes in normal

blood, and are produced in the bone marrow. By many ob-

servers they are classed as large lymphocytes, while others con-

sider them to be the primary cell of the bone marrow or

myeloblasts. 2 They are more abundant in the blood of young

children, often rising to 5 or 10 per cent. (Plate II, Fig. 58,

Plate III, Figs. 82, 83.)

Transition Forms.—These cells resemble the large mononu-

clear cells, except that the nucleus shows a tendency to take a

horseshoe shape and to stain more deeply, while neutrophihc

1 Virchow's Archiv, Bd. clxvii, 1902, p. 151.

2 Naegeli : Deut. med. Woch., 1900, p. 287.
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granules are present in small numbers in the cell body. They

form 2 to 4 per cent, of the white cells, and are best enumer-

ated with the polynuclear neutrophiles, and not considered

as a separate group when making differential counts. (Plate II,

Fig. 38.)

Polynuclear Neutrophile Cells.—These cells are sharply dis-

tinguished from the preceding types by the irregular form of

the nucleus and by the presence of small neutrophile granules

in the cell body. (Plate II, Figs. 38 to 43.) They are sHghtly

larger than the average red cell.

The nucleus is usually of an S shape, but may consist of

three or four oval masses connected by fine chromatin threads,

which may be covered by the granular cell body, so that they

appear as discrete nuclei ; in some cases, however, the nucleus does

break up into three or four small, round, individual nuclei, es-

pecially in fresh exudates or in the blood of very severe anaemias

and acute infectious diseases. The nucleus stains rather deeply

with basic dyes, while the protoplasm of the cell body stains with

the acid dyes. The cell body is alkaline in reaction, though less

strongly so than that of the lymphocytes. They are formed in

the bone marrow from the myelocytes, and are present in the

circulating blood to about 65 to 75 per cent.

Eosinophile Cells.—These cells are Uttle larger than the ery-

throcytes, and are characterized by their very coarse, highly

refractile granules, which stain strongly with acid dyes, such as

acid fuchsin or eosin. The nucleus takes the basic dyes rather

faintly, but otherwise its morphology is that of the polynuclear

neutrophile form. The periphery of the individual eosinophile

granules is often more deeply stained than the center. . These

cells are the most actively amoeboid of the leucocytes. They
form, on the average, from 2 to 4 per cent, of the leucocytes in

the blood, with .6 to 11 per cent, as the upper and lower hmits in

healthy persons.

Basophile Cells (Mast Cells).—These exist in normal blood in

rather small numbers, not above .5 per cent. They are about

the size of the red cell, with a faintly staining cell body and ir-

regularly shaped granulations, which stain deeply with the basic

dyes. The color which the granules take, for instance, with the

Jenner stain, is often a selective one ; that is, while the nucleus

takes the pure blue of the methylene blue, the granulations are



DESCRIPTION OF PLATE III

Stained by the Jenner Method

Figure A

66, 67, 68, 69, 70, 71. Various types of myelocytes from a case of myelog-

enous leukaemia.

72. Unripe eosinophile myelocyte containing a few basophilic granules.

73, 74, and 75. Eosinophile myelocytes from a case of myelogenous

leukaemia.

76. Basophile cell with small granulations.

77. Basophile cell containing two types of granules, one eosinophilic, the

other basophilic.

78. Basophile myelocyte with coarse granules.

79. Basophile myelocyte with scattered granules.

80. 81, and 82. Cells belonging to the large mononuclear group, by some
considered lymphocytes.

83, 84, 85, 86, and 87. Lymphocytes containing reddish granules ; con-

sidered by some as of the same importance as eosinophile, neutrophile, and

basophile granules, by others as products of degeneration 6f the nuclear

chromatin.

88 and 89. Degenerated cells ("basket" cells).

90. Blood plates showing central mass of nuclear substance.

Figure B.—Normal Bone Marrow

The red cells are the same as those found in normal blood, with the ex-

ception of the fact that numerous normoblasts are present. Some of these

normoblasts have large nuclei with well-marked chromatin network and either

orthochromatic or polychromatic protoplasm. In some of the cells, however,

the nucleus is small, pycnotic, and round, or it may assume a dumb-bell or

clover-leaf form.

Polynuclear neutrophiles, eosinophils, and basophiles are present. They
do not differ from cells of the same type found in the circulating blood.

Mononuclear eosinophiles, neutrophiles, and basophiles are also present

in large numbers. They are. the same type of cell as the myelocytes found

in the blood in myelogenous leukaemia.

Besides the well-formed myelocytes there are often immature types, either

with no granules or with a few imperfectly formed granules. These cells

have been termed myeloblasts or primary marrow cells. Three of these are

figured in the left-hand portion of the plate ; one contains a double nucleus

and is surrounded by a very deeply staining cell body. In the other two, the

cell body stains much more faintly than the nucleus. A fourth form is fig-

ured at the lower right-hand corner of the plate. The nucleus is large and

oval and frequently contains nucleoli. The cell body is basophilic and shows

a coarse network, though no granules are present.

A moderate number of lymphocytes are usually present in the marrow, and

multinuclear cells, one of which is figured in the lower left-hand corner, are

occasionally found in smears of the bone marrow and rarely appear in the

blood as an agonal phenomenon. Numerous poorly staining free nuclei are

present in all specimens of marrow. Several of these are figured in the lower

left-hand corner just above the multinuclear cell.
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violet or purple. These granulations are rather variable in their

number, shape, or size. Many cells contain only a few ; they are

often oval, and in faintly stained specimens the center of the

granule is fainter than the periphery. The nucleus is often covered

by the granules, so that its shape is difficult to make out. In

triacid preparations these granulations are not, as a rule, visible,

occasionally, however, a few granules take a violet color.

TYPES OF LEUCOCYTES FOUND IN THE BLOOD IN DISEASE

Myelocytes with Neutrophile Granules.—These are large cells,

measuring at least 15 micra in diameter, with a large, oval, feebly

staining nucleus which is generally slightly eccentric. They
are differentiated from the large mononuclear cells of normal

blood by the presence of neutrophile granules in the cell body.

(Plate III, Figs. 66 to 71 .) In some of the early forms which appear

in vejy severe leukaemias or in the bone marrow, there are no

neutrophile granules, but the cell may be distinguished by its

strongly basic staining power, while the cell body of the large

mononuclear, as it appears in normal blood, is more faintly stained.

This distinction does not appear, however, in specimens stained

by Ehrlich triacid stain. They possess but slight powers of amoe-

boid movement.

These cells appear in the blood abundantly only in spleno-

myelogenous leukaemia. In small numbers, however, they may
be found in the blood of patients suffering from tumors involving

the bone marrow, either directly or by metastatic deposits ; more

abundantly in the latter case. They are also seen in pernicious

anaemia, in acute lymphatic leukaemia, and in severe secondary

anaemias, in severe forms of diphtheria, during septic infections

with a large leucocytosis and especially in variola, where they

frequently occur in the peripheral blood, and after the crisis in

pneumonia. In diphtheria their presence in large numbers is of

distinctly bad prognosis.

Myeloc5rtes with Eosinophile Granules.—These are large mon-
onuclear cells similar to the preceding, but with coarse, eosino-

phile granulations. They are frequently found of small size in leu-

kaemia, and also furnish excellent examples of the degenerative

forms often met with in smears from advanced cases of leukaemia,

where a pale, feebly staining, large nucleus is surrounded for a dis-

tance of 20 to 30 micra by scattered eosinophile granules. They
9
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occur practically only in leukaemia, in connection with tumors

involving the bone marrow; and in the pseudoleuksemic anaemia

of infants. (Plate III, Figs. 72 to 75.)

Myelocjrtes with Basophile Granules.—These are large mononu-

clear cells with basophilic granules, and are seen only in long-

standing severe myelogenous leukaemias. They also appear as

degenerated forms with widely scattered granules, similar to the

eosinophilic myelocytes. (Plate III, Figs. 76 to 79.)

Small Mononuclear Neutrophile Cells.—These are the cells

which are smaller than the small myelocytes. They are formed

by fragmentation of the polynuclear neutrophiles in certain acute

diseases, and are rarely seen. Ehrlich describes them in a case

of hsemorrhagic small pox, and they may be found also in fresh

exudates.

Large Mononuclear Cells (Irritation Forms) which appear in

the blood under the same conditions as the myelocytes. The cell

is larger than the normal red cell, often as large as the large

mononuclears of normal blood. The nucleus stains with moderate

depth. No network is apparent with the Ehrlich triacid stain;

the cell body stains a dull brown and contains no granules. With
the Jenner stain the nucleus shows a moderately well-marked

network, the cell body stains more deeply than the nucleus and

of a pale blue. These cells sometimes resemble closely the large

nucleated red cells seen in severe chronic leukaemia, pernicious

anaemia, and the bone marrow of infants, but the latter type of

cell stains more intensely blue, both in nucleus and cytoplasm,

and the cell body is much more regular in its outline and of a

more homogeneous texture. Tiirk ^ is inclined to regard them as

belonging to the lymphocyte group. (Plate II Fig. 61.)

Rare and Irregular Types of Cells.—In advanced cases of

leukaemia and pernicious anaemia, cells appear in the blood which

are often difficult to identify; they are often without granules

and do not fit into any of the above classes. Myelocytes are often

'

seen containing no granules, or only a few neutrophile ones. (See

under myeloblasts in the paragraph on bone marrow.) While

their identification must await the growth of our knowledge on

the subject of the blood, yet from a clinical and diagnostic stand-

point they are of little importance, as they appear only in cases

^ Verhalten des Blutes bei Acuten Infectionskrankheiten. Wien , 1898, p. 1 15.
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The following table, modified from DaCosta, shows the chief

points concerning the staining reactions of the leucocytes
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when the blood changes are so advanced that a diagnosis can be

easily made. Cells of large size, with one or many nuclei, are

occasionally found in the peripheral circulation in cases of leu-

ksemia, in eclampsia, and in severe acute infections with marked

leucocytosis. They are the giant cells normally found in the bone

marrow. (Plate III, Fig. B.)

Degenerated Cells.—Basket cells or ''shadows." We may
occasionally see in normal blood degenerated leucocytes which

stain poorly and show no granules. In a more advanced stage of

the same process the cell is represented merely by a meshwork

composed largely of the remnants of the nuclear chromatin.

Such degenerated and swollen cells are frequently met with in

severe anaemias and especially in all types of leukaemia where

large numbers of white cells are being destroyed, as is shown by

the high excretion of the end products of nuclear substances in the

form of the purin bodies. (Plate III, Figs. 88 and 89.)

THE BLOOD IN INFANCY AND CHILDHOOD

The blood of healthy children shows certain variations from

that of adults which are worthy of notice and which should be

taken into consideration in the diagnosis of blood changes in

infants.

Number of Red Cells.—The average number of red cells in

the blood of healthy infants is, as a rule, considerably higher

than in adults. During the nursing period it averages about

5,580,000, with a maximum during the first week of life. Dur-

ing the second year the number is about the same as during the

first year, 5,680,000. From the second to the sixth year the

average count is rarely under 5,900,000, girls showing a slightly

lower count. Physiological variations in successive counts are

frequently met with in nursing infants and in young children,

fluctuations of a million cells being occasionally found.

Haemoglobin.—The haemoglobin is high for a few days after

birth, and then sinks, so that it is lower in the first year of life

than later, and also shows considerable variations, the absolute

amount present varying from 11.5 grams to 13.5 in 100 grams

of bloodji or according to Perlin, from 58 to 78 per cent, by the

* Kamizki : Archiv fiir Kinderheilkunde, 1903, p. 42.
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Fleischl-Miescher hsemoglobinometer. After the nursing period

there is usually a gradual increase, the haemoglobin rising to an

average of 13 grams, or 75 to 85 per cent, in the sixth year, until

the tenth year, when the amount reaches the average for adults

of 14 to 14.5 grams. The variation between the sexes in the

amount of haemoglobin is very slight. There is usually a rela-

tive increase in childhood in the amount as compared with the

red cells.

Specific Gravity.—In infants during the first few days after

birth the specific gravity undergoes rapid fluctuations between

1.060 and 1.080, probably due to venous stasis at the time of

delivery and the chilling of the body afterward. The density of

the blood does not correspond either with the haemoglobin or with

the number of corpuscles. After this time the variations are less

irregular and in the first few months the specific gravity fluctuates

between 1.055 and 1.059, the average being 1.056. The Hmits

are 1.053 and 1.060. In males the specific gravity is usually .001

higher than in females. From the second to the fourth years

the specific gravity rises to an average of 1.058. In the sixth

year it reaches an average of 1 .061 where it remains throughout

childhood.

Number of White Cells.—During the first few days after birth

the leucocytes may reach 15,000 to 19,000, while in the nursing

period the white cells average 12,000; the maximum being 16,000,

and the minimum 8,600. According to Japha,^ a digestion leuco-

cytosis in a small child may reach 20,000 to 25,000, with 55 per

cent, of lymphocytes. During childhood the number of cells

diminishes, the average during the period from the first to the

sixth year being about 9,000, the maximum, 13,000, the mini-

mum, 6,900. During the period from the sixth to the fifteenth

year, the average is 7,900, with a maximum of 12,400 and a mini-

mum of 5,400.

Morphology of the Red Cells.—In the blood of healthy nursing

infants up to the age of about eight months, it is possible after

prolonged searching to find occasional nucleated red cells of two

types: one in which the cell is about the same size as that of the

normal red corpuscle, usually with a pycnotic nucleus and an

» Jahr. f. Kinderheilkunde, Bd. lii, 1900, p. 243. See also ibid., Bd. liii, 1901,

p. 179.
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orthochromatic cell body; the other from two to four times as

large as the normal red cell and with a polychromatic cell body

and a nucleus showing a distinct chromatin network.

Morphology and Relative Proportions of the White Cells.—
During the nursing period, the relative proportion of the lym-

phocytes varies from 51 to 59 per cent., while the proportion

of the neutrophiles is approximately 28 per cent. From the

eighth to the tenth month an increase in the absolute and relative

number of the lymphocytes is noticeable, the proportion rising to

61 per cent. After the tenth month a fall is again noted to 56

per cent., the neutrophiles slightly increasing during this period

to 34 per cent. During the second year the lymphocytes aver-

age 55 per cent., the neutrophiles 41 per cent. During child-

hood there is noted a gradual increase in the number of the

neutrophiles toward the proportion which is observed in adults.

From the sixth to the eighth year the lymphocytes average 41

per cent., and the neutrophiles 46 per cent. From the tenth to

the twelfth year the lymphocytes average 29 per cent., the neu-

trophiles 56 per cent. From the twelfth to the fourteenth year

the lymphocytes average 30 per cent., the neutrophiles 55 per

cent. The increase in the neutrophile cells occurs chiefly about

the fourth year of Hfe and this increase is still noticeable up to

fifteen years of age. Transitional neutrophiles are present during

the first few months in a proportion of about 11 per cent., but

fall gradually to 7 per cent, at the end of the first year. The
eosinophile cells vary during the nursing period between 7.5 per

cent, and .5 per cent. During childhood the variations are more

considerable, and may reach 12.5 per cent, as a maximum or

fall to .7 per cent. Basophiles may vary between .1 and 2 per

cent., in other words, show greater fluctuations than in normal

adult blood. The large lymphocytes in infants are usually more

abundant than in adults. There are no marked differences in

the morphology of the granular cells from those of adults.

BLOOD FORMATION AND BLOOD-FORMING ORGANS

In the study of the various diseases which affect the blood, it

is necessary constantly to refer to the organs in which this tissue

is produced, inasmuch as the changes in the organs are often pri-

mary and those in the blood secondary. As the development of
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the blood in the embryo varies considerably from that in the adult,

and since in certain diseases, notably in pernicious ana?mia, there

is a return to the embryonic type of blood formation, it is of in-

terest to consider briefly some points in the blood and blood-

forming organs during embryonic life.

BLOOD FORMATION

The earliest formation of red corpuscles of the blood has

been noted before the appearance of the rudiments of the liver

and spleen, in the very small embryos of some of the mamma-
Ha. The cells are apparently produced by the proHferation of

the endothehal cells of the small capillaries; or, according to

some observers, the early red cells are produced in the substance

of large connective tissue cells which later become hollowed out

and form a portion of the developing capillaries. This intracellu-

lar or intravascular development of red cells ceases with the for-

mation of the liver and lymphatic system.

In the mammaha the development of the blood-forming organs

can be divided into two stages, the first of which may be termed

the premedullary stage, where the corpuscles are formed in vari-

ous organs of the body, especially the liver, and a medullary or

definitive stage, which begins with the development of the bone

marrow at about the third month of embryonic life and continues

under normal conditions until death. During this period the

bone marrow is, in conditions of health, the only source for the

red cells and the granular leucocytes, while the lymph nodes possi-

bly contribute some or all of the lymphocytes.

In the premedullary period the leucocytes play a very unim-

portant role and the circulating blood corpuscles of small embryos

of from one-half to one cm. in length are exclusively of the haemo-

globin carrying type. These cells can be divided, as has been

shown chiefly by Engel, into two distinct groups, which he has

called metrocytes of the first and second generation. The metro-

cytes of the first generation have large nuclei with well-marked

chromatin network, and frequently show mitoses. Those of the

second generation have one or two, more or less pycnotic nuclei.

The few red cells of this period which contain no nuclei are of

large size, corresponding to the macrocytes, which will be further

discussed in the subject of pernicious anaemia. The protoplasm
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of all these cells is usually polychromatic, but occasionally ortho-

chromatic, especially in the smaller corpuscles, either with or

without nuclei.

During the second or third month of embryonic development

a rapid change takes place in the number of the nucleated cells in

the blood, non-nucleated forms rapidly assuming the preponder-

ance and the general type of the cell changing to that which re-

sembles more perfectly the erythrocyte of the normal adult blood

;

that is, at the end of the third month a smear from the blood of

the embryo shows numerous orthochromatic normocytes with

moderate numbers of normoblasts, the latter often showing a

considerable degree of polychromatophilia. Leucocytes make

their appearance in the blood about the tenth week of embryonic

life, in the form of cells corresponding to the lymphocytes of adult

blood. Rarely one may also find a few myelocytes, chiefly of the

neutrophile variety. Embryos of the tenth or twelfth week show

occasional polynuclear and mononuclear neutrophils and eosino-

philes in the circulating blood. The lymphocytes remain most

numerous during the entire period, and this relative lymphocytosis

continues for a number of years during childhood. Immediately

before birth the circulating blood contains chiefly orthochromatic

red cells which are very rich in haemoglobin, occasionally showing

a moderate polychromatophiHa, while a polychromatophihc normo-

blast is occasionally seen. The lymphocytes are three to four

times as numerous as the polynuclear neutrophiles ; eosinophile

cells are infrequent, and a few myelocytes are present. Shortly

after birth the normoblasts practically disappear from the blood,

never to reappear except under pathological conditions. The

excess of lymphocytes diminishes rapidly; the eosinophiles in-

crease ; the myelocytes disappear permanently from the blood and

are only to be seen in disease.

BLOOD-FORMING ORGANS

The Liver.—The formation of the red and white cells in spe-

cialized organs of the body begins with the development of the

liver. Smears from the liver of a ten weeks' foetus show large

numbers of orthochromatic and polychromatic metrocytes, either

with large nuclei, containing well-marked chromatin network, or

with small pycnotic nuclei ; two or three being occasionally present

in the cell. It is sometimes difficult to distinguish the polychro-

i
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matic metrocytes, which correspond to the megaloblasts seen in

pernicious anaemia, from large lymphocytes, a difficulty which one

also meets with in the anaemias, as the granular bluish cell body

of the lymphocyte resembles very closely the cell body of the

megaloblasts showing advanced polychromatophilia. At this

same period leucocytes may be found in the vessels of the liver,

which correspond to the lymphocytes of adult life.

Smears from the liver of a foetus of five or six months, or in

other words, at a period considerably after the development of

the bone marrow, still show a marked formation of the red cells

in the vessels of that organ. Megaloblasts with large and small

nuclei are still present, as well as orthochromatic and polychro-

matic erythrocytes and normoblasts. Myelocytes are also abun-

dant, and occasionally basophihc cells may be found. Lympho-

cytes, both large and small, are also present.

The Bone Marrow.—Smears from the bone marrow of a foetus

of the second month show no characteristic marrow cells but

only the circulating blood of the same composition as that found

in the heart or obtained from the umbilical vein.

At the third or fourth month the formation of marrow be-

gins, and smears show numerous red cells, both megaloblastic

and normoblastic in type, and myelocytes. Smears made at

term demonstrate very beautifully all of the stages of blood de-

velopment. Especially characteristic of this infantile marrow is

the presence of a large number of nucleated red cells with ex-

treme polychromatophilia of the protoplasm, so that they can

scarcely be distinguished from the lymphocytes, except by the fact

that the nuclear chromatin is arranged in a more deHcate network

than is usual in leucocytes.

The Spleen.—This organ does not take a very large part in the

process of haematogenesis during embryonic life. Smears from

the spleen during the third month show about the same morphol-

ogy as is seen in the circulating blood, except that lymphocytes

are usually more abundant. Myelocytes are fairly numerous.

After birth the spleen takes no important part in hsematogenesis.

Smears from the organ show, except for the cells of the blood in

circulation in that viscus, only large numbers of lymphocytes,

necrotic leucocytes, and red cells. Evidences of phagocytosis may
occasionally be made out. It is possible that a certain number
of lymphocytes are derived from the splenic foUicles.
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' In pernicious anaemia, however, changes are noted in the

organs which suggest, to a certain extent, structures seen in the

liver and spleen of young embryos. Deposits of myelocytes are

not infrequent in both liver and spleen,^ and occasionally one

finds a large number of dividing red cells, an evidence that the

bone marrow is unable to supply the demand for new-formed

blood corpuscles, and that a partial return to embryonic conditions

has occurred. In certain infectious diseases, especially variola,

and in myelogenous leukaemia, the spleen takes on what has been

termed a myeloid transformation with the production of large

numbers of myelocytes. Some observers regard these as true me-

tastases of a type comparable to those seen in the distribution of

growths of a malignant nature. Others are inclined to consider

the change merely as a return to the embryonic condition ; and it

is well known that when a leukaemia is complicated by an inter-

current infection the spleen diminishes in size and myeloid de-

posits largely disappear. Such a change does not seem likely

to occur if these deposits were of true tumor nature.

L3nnph Nodes.—The lymphocytes of the blood are formed in the

lymph nodes and in the lymphoid tissue of the body ; and smears

from these organs show numerous large and small lymphocytes

such as are seen in the circulating blood. A moderate number of

degenerated forms are also seen, together with a few red cells. In

lymphatic leukaemia the nodes may show a greatly increased num-

ber of lymphocytes, and sections of the nodes show the efferent

ducts filled with cells of lymphoid structure. Sections of the ton-

sils and other lymphoid organs also show the lymphocytes pene-

trating the walls of the blood-vessels and thus entering the circula-

tion. ^ In myelogenous leukaemia the lymph nodes occasionally

contain deposits of myelocytes, and in some of the acute infectious

diseases the nodes show a moderate number of polynuclear cells,

especially of the eosinophile variety. In pernicious and other

severe types of anaemia, the sinuses of the nodes are occasionally

filled with red cells, which some observers consider as newly formed

in this situation. Others assume that the process going on is

that of destruction of the red cells. In lymphatic leukaemia it is

^ See Morawitz : Deut, Arch. f. klin. Med., Bd. Ixxvii, 1903, p. 553. Also

Kurpjuweit : Ibid., Bd. Ixxx, 1904, p. 168.

2 Mosse : Zeit. f . klin. Medicin, Bd. 1, 1903, p. 70.
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probable that the chief source of the lymphocytes in the circula-

tion is not the lymph nodes, but the lymphoid tissue of the bone

marrow, which under these conditions is transformed into the

so-called lymphoid marrow composed largely of lymphocytes with

relatively few red cells and granular leucocytes.

Adult Bone Marrow.—At birth the diaphyses of the long bones

are largely filled with red marrow, but during childhood this is

gradually replaced by fat tissue, until finally, during adult life,

the cavities of the long bones are wholly filled with fat and the

marrow is confined almost entirely to small deposits in the di-

aphyses and to the cartilaginous ends of the ribs and the bodies of

the vertebrae. After severe haemorrhages and in advanced anae-

mias, especially of the pernicious type, and in leukaemia, the fatty

marrow of the diaphyses may again be filled with a pasty mass of

reddish-gray substance which is largely composed of red and

white cells and their antecedents in the form of nucleated reds and

myelocytes. In some cases, however, the marrow is unable to

respond to the demand for new cells, and the patients may die

with an extreme anaemia and no hypertrophy of the marrow.

In smears made from the normal adult human bone marrow,

preferably stained by the Jenner method, the following cells can

be found:

Red Cells

1. The normal red cell as it is found in the circulating blood.

2. Normoblasts with small, deeply staining, so-called pycnotic

nuclei, or cells with vesicular or irregular nuclei ; sometimes of

clover-leaf or rosette shape, sometimes separated into two nuclei

usually connected by a slender thread of nuclear substance.

These two nuclei are often of unequal size.

3. Very rarely a megaloblast with its large pale nucleus with

well-marked chromatin network.

White Cells

A. Forms which appear in the circulating blood in health.

1. Polynuclear neutrophiles and transition forms of normal

size, shape, and staining reaction.

2. Eosinophile cells of normal size and shape.

3. Normal-sized basophile cells with irregular nuclei.

4. Lymphocytes, both large and small, with deeply staining
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nuclei, well-marked nucleoli and rim of darkly colored cell body.

The number of lymphocytes is usually small.

5. Large mononuclear cells with deeply staining nucleus and

pale cell bod3^

B. Forms which appear in the circulating blood only in disease.

1. Myeloblasts. Cells with oval nuclei and a non-granular cell

body which is sUghtly basophiHc. The nuclei contain nucleoH;

they do not stain as deeply as those of the lymphocytes and are

more strongly basophilic than the cell body. The nuclear network

is usually well marked, especially with Jenner. They vary in size

from that of the small lymphocytes to the diameter of the myelo-

cytes. The smaller forms have but little cell body ; the nuclei are

concentric. The large types have large oval nuclei, often eccen-

tric, and a relatively large cell body. The nucleus may show a

slight lateral incurving, such as is seen in the transition forms of

the circulating blood. These cells are, as a rule, confined to the

marrow or to embryonic blood, but in severe pernicious anaemias,

in leukaemias, and occasionally in typhoid, they may appear in the

peripheral circulation. They are probably early forms of myelo-

cytes, though some observers hold that they correspond to the

large lymphocyte group and appear in the circulation as the large

mononuclears.

2. Neutrophile myelocytes, with one, or, rarely, two nuclei

and a varying quantity of neutrophile granulations. When two

nuclei are present they are the result of mitotic division without

separation of the cell body, and the two large nuclei are left flat-

tened against each other and lying close to the border of the cell.

Nucleoli are usually absent with the triacid but may be present

with Jenner. The outline of the cell body is often very hazy, and

the granules may be spread out over the slide near the cell, and

may even lie on some neighboring cell with a different granulation

type, and suggest a mixture of two sorts of granulation in the

same cell, a condition found in the circulation only in very chronic

leukaemias with profoundly altered bone marrow.

3. Eosinophile myelocytes with one or two nuclei. The

eosinophile granules are especially liable to be brushed out of the

cell by the process of smearing and to be distributed over the slide

near the cell. This is not entirely due to the rough treatment

the cell undergoes while being smeared, for in sections of the

bone marrow which have not been subjected to mechanical in-
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fluences other than the action of the fixing fluid, scattered

eosinophile granulations may be lying near cell nuclei. In some

of the cells the granules may either all take a blue stain with the

Jenner or a few granules may assume this color. These granules

do not show the metachromatic quality of the mast-cell granules

but take a pure blue, which is probably an evidence of youth,

the more mature and perfect cells not showing any blue gran-

ules. These cells appear occasionally in advanced myelogenous

leukaemia. (Plate HI, Fig. A, No. 72.)

4. Basophilic myelocytes are rare. They are of the same

type as those seen in leukaemic blood.

5. Giant cells (myeloplaxes). These are very large multinu-

clear cells without granulations and a cell body which takes a

deep, diffuse, basic stain. They are constantly present in small

numbers in the red marrow, but appear in the blood with extreme

rarity in leukaemia, generally just before death. (Plate III,

Fig. B.)

6. Besides the type cells described above, the bone marrow

frequently contains immature forms of red and white cells which

are extremely difficult to identify and class. These are cells with

a nucleus resembling that of a lymphocyte, but with a cell body of

variable size and staining reactions ; cells apparently myelocytes

without granules are also seen ; and, thirdly, cells whose nuclei

are strongly suggestive of the megaloblast nucleus, but whose

cell body is very ragged in outline and deeply stained with methy-

lene blue. (Plates III, Figs. A and B.)

H>EMOCONIEN

Small round colorless granules generally less than one micron

in diameter may be seen in the blood of persons both in health

and in disease. These bodies, which were described by Miiller,! are

highly refractile and have rapid Brownian motion in the serum.

They are insoluble in alcohol, ether, and acetic acid, and are not

blackened by osmic acid. They have no connection with the

formation of fibrin. Miiller describes these bodies as a new organ-

ized constituent of the blood, but they are generally considered

as possibly free neutrophile or eosinophile granules.^ They are as

yet of no clinical importance.

1 Cent. f. Allg. Path., Bd. vii, 1896, p. 529.

^ Stokes and Wegefarth : Johns Hopkins Hospital Bulletin, 1897.
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IV. LEUCOCYTOSIS

Leucocytosis is usually defined as a transitory increase in the

number of white cells in the circulating blood, but it is convenient

for practical reasons to divide leucocytoses into relative and abso-

lute.

A relative leucocytosis occurs when the proportions between

the various types of leucocytes are in any way altered without

any marked changes in the total number of leucocytes in the

peripheral blood ; in other words, when there is an increase in the

number per cubic miUimeter of any type of cell.

An absolute leucocytosis, on the other hand, occurs when there

is an increase in the number of leucocytes in the peripheral blood,

over the normal Hmit of ten thousand in adults, without regard to

any change which may take place in the proportions of the various

types of leucocytes present. Thus, in typhoid fever the number

of leucocytes is diminished, while the relative proportion and

absolute number of the small lymphocytes is increased—in other

words, there is a relative lymphocytosis.

We may also classify leucocytoses as hypoleucocytoses {leuco-

penia) and hyperleucocytoses. In the first, the number of leuco-

cytes is diminished in the peripheral blood, either by reason of a

diminished productive capacity of the bone marrow and lymph

tissue, or because of some negative chemotactic substance in the

blood ^which causes the leucocytes to collect in the capillaries of

the internal organs. The best example of such action is seen in

typhoid fever, ^ in measles, or in lobar pneumonia of an extremely

severe type, where very few leucocytes may be found in the blood.

By injecting into animals the toxins of some of the pathogenic

bacilli, a primary reduction may be observed to take place in the

leucocytes in the peripheral blood, to be followed in a few hours

by a rapid rise in number to a point far above the normal. The

leucocytes in such cases are found to be collected chiefly in the

capillaries of the lungs.

As a rule, such a primary hypoleucocytosis is not observed in

human infections, because blood examinations are not made at so

^ Blum : Leukopenische Blutbefunde bei Infektionskrankheiten. Wien.

klin. Woch., 1899, Bd. xii, p. 401. Kast u. Giitig : Deut. Arch. f. klin. Med.,

Bd. Ixxx, 1904, p. 105.
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early a stage of the disease as symptoms of the infection may not

appear until later.

The true hyperleucocytoses are incited by a positive chemotac-

tic action which causes a particular type of leucocyte or all types

of leucocytes to appear in larger numbers in the blood than is

normal. The best example of such a condition is seen in pneu-

monia of the lobar type due to the pneumococcus, and in suppu-

ration due to the strepto- and staphylococci when the products of

the bacterial metabolism are being rapidly absorbed. The stimu-

lus of these toxins probably acts on the bone marrow and causes

the leucocytes already formed to appear in the circulation and also

incites further leucocyte production. At any rate, during the

initial rise of a marked leucocytosis, especially in children, a large

number of immature leucocyte forms can be found in the blood,

including myelocytes and nucleated red cells, a condition which

indicates that the marrow has been unable to supply a sufficient

number of mature cells to the circulation. After prolonged infec-

tions, a hyperplasia of the bone marrow is incited with replacement

of large areas of the fatty tissue in the bone cavities by medullary

cells. 1

The leucocytoses may be classified still further into polynuclear

neutrophile and eosinophile leucocytoses, basophile leucocytoses,

lymphocyte leucocytoses or lymphocytoses; while some observers

speak of a mononucleosis due to an increase in the large mononu-
clear cells, but owing to the difficulty of distinguishing these cells

from large lymphocytes, this separate type of leucocytosis is not

generally accepted.

PHYSIOLOGICAL LEUCOCYTOSES
Physiological polynuclear neutrophile leucoc3rtosis may occur

under purely physiological conditions, such as the ingestion of food,

after exercise, after cold baths, and during pregnancy.'' The
increase in the number of the leucocytes is, however, not very

great, usually not rising higher than twelve to fourteen thou-

sand.

* See for further details:—Rubinstein : Zeit. f. klin. Med., Bd. xlii, 1901,

p. 161. Brinckerhoff and Tyzzer : Jour, of Med. Research, N. S., vol. iii, 1902,

p. 449. Roger et Josue : La Moelle osseuse, etc., L'ffiuvre m^dico-chirurgi-

cal, 1899, Paris.

2 Lobenstine : Am. J. Med. Sci., vol. cxxviii, 1904, p. 281.
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PATHOLOGICAL LEUCOCYTOSES

POLYNUCLEAR NEUTROPHILE LEUCOCYTOSES

These may be divided as follows:

Leucocytosis in Infectious Diseases.—The chief diseases in

which a well-marked leucocytosis appears are: cholera, scarlet

fever, smallpox, erysipelas, diphtheria, pneumonia, acute articu-

lar rheumatism, tuberculous meningitis, suppurative conditions in

the subcutaneous tissues, the serous cavities, the bones and joints,

or the viscera. Leucocytosis is occasionally present in amoebic

abscess of the liver though not a regular occurrence. If an ab-

scess in any portion of the body is well encapsulated, or if the

infection is a very virulent one, there may be no leucocytosis.

In the following infectious diseases there is either no leucocy-

tosis or a very slight rise : typhoid, measles, rotheln, mumps, mala-

ria, uncomplicated tuberculosis, except when invading the menin-

ges or serous surfaces. In phthisis with a marked sepsis there

may be an increase in the number of leucocytes, due to the mixed

infection.

Leucocytosis following the Use of Drugs, etc.—During and

after chloroform or ether inhalations, a moderate increase in the

number of leucocytes is seen. Drugs such as quinine, the sahc-

ylates, tuberculin, will increase the leucocytes, as will also saline

infusions and the inhalation of illuminating gas. The same is

true of drugs of the phenacetin type and potassium chlorate, large

doses of which cause meth«moglobinsemia and destruction of red

cells.

Leucocytosis following Haemorrhage.—The increase is often

quite marked within a short time after the loss of blood, only

to disappear in a few days as the blood is regenerated.

Under this heading may be considered an increase in the num-

ber of leucocytes which frequently exists after a surgical oper-

ation. The polynuclear neutrophiles are the cells chiefly con-

cerned in the increase. Myelocytes in small numbers have been

seen. The leucocytosis reaches its maximum about twelve hours

after the operation and rapidly decreases to normal in twenty-

four to seventy-two hours. If the leucocytes continue high an

infection is probable.

A portion of the leucocytosis observed under these conditions

is undoubtedly due to the ether or chloroform used as an anaes-
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thetic, but as the increase may also be seen after an operation

without ansesthesia, a portion of the rise in numbers must be due

to the shock of the operative interference.

^

Leucocytosis in Connection with Malignant Growths.—An in-

crease is fairly constantly present in over 50 per cent, of the cases,

the phenomenon seeming to depend a good deal on the nature

and situation of the tumor. In carcinoma of the stomach, with

or without leucocytosis, a digestive increase in the white cells is

often absent.

The leucocytes in all these forms of leucocytosis are, as stated

above, chiefly of the polynuclear neutrophile variety, but certain

variations are often to be noted. The neutrophile cells are not

always quite the same as those seen in normal blood ;
^ the nuclei

approach more nearly to the mononuclear type, and the granu-

lations when stained by means of the Jenner stain or with methy-

lene azure and eosin, are often rather few in number and show the

basophiUc tendency characteristic of young cells just produced in

the marrow.

POLYNUCLEAR EOSINOPHILE LEUCOCYTOSIS^

A marked increase in the eosinophile cells is always pathological

and is less commonly seen than in the neutrophile, while the numer-

ical increase in the cells is not usually great—indeed, the leucocyto-

sis is often relative. The normal number of eosinophiles in the

blood in health is from 2 to 4 per cent, of the white cells, while

in extreme cases of eosinophile leucocytosis the number may rise

to at least 90 per cent, of the cells present. The absolute num-

ber can be determined by counting with a diluting fluid colored

^ An excellent paper on this subject is by King : Am. Jour. Med. Sci., 1902,

vol. cxxiv, p. 450.

^ Arneth (Die Neutrophilen weissen Blutkorperchen bei Infektions-Krank-

heiten, Jena, 1904) in an exceedingly prolix and obscure monograph reports

the results obtained by classifying the polynuclears according to the number

and arrangement of the nuclear fragments and claims to have obtained facts

of diagnostic value by this procedure. Further work on the subject is neces-

sary, however, before the results can be accepted.

^ The best monograph on the subject is Zappert : Zeit. f. klin. Med., Bd-

xxiii, 1893, p. 227. See also Bettmann : Volkmann's klin. Vortrage, Ninth

Series, No. 266, 1900 ; and Opie : American Journal of Med. Sciences, vol.

cxxvii, 1904, p. 217.

10
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with eosin, and varies under normal conditions from fifty to two

hundred and fifty in the cubic milUmeter. In a simple eosinophile

leucocytosis the number rarely exceeds five thousand, in leuksemia,

thirty thousand, while in a case of lymphosarcoma, sixty thousand

have been found to the cubic millimeter. The common types of

eosinophile leucocytosis are seen in:

(a) Bronchial asthma, in which the cells are from 10 to 30

or even 50 per cent.^ of the whole number of whites and are

also abundant in the sputum. They gradually disappear after the

attacks have ceased for a few weeks.

(b) Skin diseases, such as zoster, pemphigus, prurigo, derma-

titis herpetiformis, 2 and psoriasis, when of considerable extent,

and, rarely, in urticaria. An increase in the eosinophiles to 10

per cent, has been seen by the writer in a case of scleroderma

and also in a number of cases of mercurial dermatitis, while 14

per cent, have been seen in a vesicular eruption due to potassium

iodide. The bUster fluid obtained by applying cantharides to the

skin may contain a considerable proportion of eosinophiles. A
moderate eosinophilia*" may be met with in the blood of leprous

patients, even as high as 60 per cent., though this is rare. A case

seen by the writer showed 17 per cent, during an acute exacerba-

tion of the skin lesions.

(c) Intestinal parasites. Eosinophilia has been observed in

persons infected with Anchylostoma duodenale, occasionally with

Oxyuris, Ascaris, and the Taenias, and recently in those infected

with Bilharzia.^ The number may reach 75 per cent. This rise

in the number of eosinophiles has not been noted after prolonged

infection with certain species of worms, such as the Bothrioceph-

alus latus,^ which have incited a severe anjemia; and Bloch^

reports two cases of pernicious anaemia infected with Taenia solium

in which there was an actual diminution of the eosinophiles to

about 1 per cent.

1 Billings : N. Y. Med. Jour., 1897, vol. Ixv, p. 691.

2 Leredde: Monatsh. f. Derm., 1898, Bd. xxvii, p. 381.

^ Gaucher and Bensaude : Annal. d. Derm., 1896, p. 204.

* Kautsky Bey: Zeit. f. klin. Med., 1904, Bd. Hi, p. 192. Douglas and
Hardy : Lancet, 1903, p. 1009.

^ Schauman: Bothriocephalus Anamie, Berlin, 1894. See also Samm.
klin. Vortrage, Tenth Series, No. 287, 1900, p. 273.

8 Deut. med. Woch., 1903, p. 511.
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(d) Trichinosis ^ shows a very considerable increase in the

eosinophiles in most of the observed cases, even as high as 86

per cent. ;
2 but Rosenburger '^ reports a case in which the eosin-

ophiles were only 4 per cent., while DaCosta* calls attention to

one and Drake ^ to four similar cases. In filariasis^ also there

may be a very considerable increase in the eosinophiles ; but the

writer has seen one case in which there was no increase. It

seems probable that after long-continued infections the blood

ceases to respond to the chemotactic substance given off by the

parasite.

(e) Mahgnant tumors may be accompanied by an increase

of the eosinophiles, a phenomenon w^hich has been observed to

be especially well marked in tumors involving the bone marrow

by metastasis.

(/) Postfebrile eosinophilia reaching only to a moderate de-

gree has been noted to follow acute infectious diseases, especially

those with a marked neutrophile leucocytosis during the course of

the disease.

(g) Toxic eosinophilia has been observed after injections of

tubercuhn or cinnamic acid and the administration of camphor.

(h) Hydatid disease is occasionally accompanied by an eosino-

phiHa, but not constantly.'''

(^) An increase in the eosinophile cells has occasionally been

noted in gonorrhoea, especially when the process has extended to

the deep urethra and involved the epididymis. In mild cases of

anterior urethritis, the leucocytic formula remains normal.

(/) A moderate eosinophilia is present in scarlet fever, in con-

trast to measles, in which no such phenomenon is to be observed.^

* Brown: Jour. Exp. Med., 1898, vol. iii, p. 315; Schleip : Deut. Arch. f.

klin. Med., 1904, Bd. Ixxx, p. 1.

^ Kerr : Phila. Med. Jour., 1900, p. 346. Blumer and Neuman : Amer.

Jour. Med. Sci., 1900, vol. cxix, p. 14.

^ Proceedings of Path. Soc. of Phila., vol. iv, No. 10.

* Clinical Hematology, Phila., 1902. See also Cutler : Trans. Ass'n. Ameri-

can Physicians, 1902, p. 356.

^ Jour. Med. Research, N. S., 1902, vol. iii, p. 255.

« Calvert: Johns Hopkins Hosp. Bull., 1902, p. 133. Dudgeon and Child.

Journal of Tropical Medicine, 1903, vol. vi, p. 253.

^ Block: Deut. med. Woch., 1903, p. 511. See also Gouraud : Bull. Soc.

Anatomique d. Paris, 1902, for a nep;ative case.
« Reckzeh : Deut. Arch. f. klin. Med., 1903, Bd. Ixxvii, p. 330. (Bibliography.)
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BASOPHILE LEUCOCYTOSIS

Basophile leucocytosis is practically seen only in myelogenous

leukaemia, in which disease these cells may be present in very large

numbers. In one specimen of myelogenous leukaemia in the pos-

session of the writer, the total leucocyte count was one million

two hundred thousand, the basophiles forming from 10 to 15 per

cent, of the white cells, or one hundred and twenty thousand to

one hundred and eighty thousand to the cubic millimeter, varying

from time to time as the disease progressed. Taylor also reports

a case in which the basophiles numbered one hundred and forty

thousand to the cubic millimeter.

Under ordinary conditions the basophiles present in the blood

are not over | of 1 per cent., but after a sharp haemorrhage they

may rise to 1 or even to 3 per cent. Zollikofer^ reports a mod-

erate basophile leucocytosis in an hysterical patient during an

attack of sciatica, and in another case these cells were increased

during a non-febrile articular rheumatism. Taylor ^ saw an in-

crease in a case of carcinoma with cachexia but without bone-

marrow metastases ; also in a case of gonorrhoea with basophile*

cells in the discharge; one of mycosis fungoides, and two cases

of septic bone disease. Canon '^ also noted an increase in cases of

chronic skin disease. An increase in the basophile cells in the

blood of the rabbit can be easily produced by the injection of

bacterial toxins, but the rise follows that of the other cells of the

blood, notably the polynuclears, while in most of the leucocytoses

seen in the human subject, as in pneumonia, for example, there

is no increase in the basophile cells. • In ascitic fluids obtained

from persons the subjects of myelogenous leukaemia, Milchner^

has found 33 per cent, of mast cells, and 5 per cent, of mast cells

has been found in fluid from a cantharides blister in a case of

the same disease. Basophile cells have been found in pleural

exudates without an increase in the same cells in the blood.

^

Such a phenomenon must be the result of active emigration from

the blood in response to a positive chemotactic stimulus.

> Diss. Beme, 1899.

^ Cont. from Pepper Laboratory, 1900, p. 267.

3 Deut. med. Woch., 1892, p. 206.

* Zeit. f. klin. Med., 1899, vol. xxxvii, p. 194.

5 Woljf : Miinch. med. Woch., 1902, p. 226. Bibergeil : Cent. f. d. med.

Wissen., 1904, p. 338.
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LYMPHOCYTOSIS

A marked absolute lymphocytosis is very rarely seen in any

disease except lymphatic leuksemia. A moderate relative lympho-

cytosis is present in the latter part of well-marked cases of typhoid

fever, and in children with hereditary syphihs or intestinal diseases

of an acute nature. In pertussis a marked leucocytosis is often

present, and a relative and absolute increase in the lymphocytes

may occur even to as high as 20,000 to the cubic mm. In per-

nicious anaemia also, the lymphocytes are relatively increased,

although a marked leucopenia exists. The same change is occa-

sionally noted in hepatic cirrhosis, especially when a marked anae-

mia is present.

LARGE MONONUCLEAR LEUCOCYTOSIS

The increase is usually relative. These cells are increased in

malarial cachexia and may act as phagocytes in that disease.

They are also increased in carcinoma in the cachectic stage and

in measles. At times they are said to form a considerable per

cent, of the leucocytes in myelogenous leukaemia, though they are

to be carefully distinguished from the early non-granular type of

myelocytes or myeloblasts seen in very advanced cases. No doubt

in many cases of leukaemia in which the mononuclears have been

considered as increased, this distinction has not been observed.

MYELOCYTOSIS

The appearance of myelocytes in considerable numbers is most

commonly noted in connection with myelogenous leukaemia where

all varieties of this form of cell may appear in the peripheral

blood ; but they may occasionally be seen in acute lymphatic

leukaemias where marked hyperplasia of the bone marrow exists.

In pernicious anaemia a number of myelocytes are not uncom-

monly present in the blood. They also appear in the blood of

severe secondary anaemias, in multiple myeloma and especially

in connection with malignant disease, with or without involve-

ment of the bone marrow. In the latter case they are especially

abundant. They may be noted in the anaemia dependent upon
syphilis and tuberculosis. In acute infections they are most often

seen in connection with high polynuclear leucocytoses, especially
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in diseases in which the marrow is more or less affected, as in

variola, in empyema in children, and in diphtheria.

Taylor has noted them in connection with an acute case of

tertian malaria. Schwyzer^ records a case of chronic fluorine

poisoning in which myelocytes were present in considerable num-
bers in the blood. Their appearance under these circumstances

is probably the result of the increased activity of the marrow and

depends either upon mechanical conditions due to bone changes

produced by the poison or upon a toxic chemotaxis.

LEUCOCYTOSIS IN CHILDREN

Leucocytosis in children shows certain variations from that

in adults, especially in the proportion of the mono- to the poly-

nuclear cells. As is well known, the relationship in normal blood

between the two forms in adult life is as about one to three, while

in children under one year of age the relationship is often inverted,

so as to be two to one.

In pneumonia the polynuclears rise very high, up to 90. per

cent., while the eosinophiles practically disappear, to reappear in

increased numbers after the crisis. Myelocytes may appear in

cases of pneumonia, empyema, and diphtheria, with a very severe

course, and occasionally nucleated red cells are seen after a pro-

longed infection. There is a leucocytosis in hereditary syphilis,

but the polynuclears remain low, often not over 20 per cent.,

with great increase of the lymphocytes, and there may also be

an occasional marked increase in the eosinophiles. In general, it

may be said that the blood in children is much more sensitive to

stimuli than that of adults, as is well shown by the digestive leu-

cocytoses in infants, which may rise to thirty-five thousand just

after a meal.

V. SPECIAL PATHOLOGY OF THE BLOOD

POLYCYTH>EMIA

This term is used to designate certain conditions in which the

number of corpuscles in the blood is increased without regard to

the amount of haemoglobin in the individual corpuscle, though,

1 Journal of Medical Research, 1903, N. S., vol. v, p. SOL
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as a rule, this amount is approximately normal. The term, there-

fore, is not the converse of anaemia.

Physiological Polycythaemia.—This increase in the number of

red cells in the blood is normally found in new-born infants, a

fuller discussion of the subject being found on page 108. A
marked polycythaemia is found in the blood of persons re-

siding at a considerable elevation above the sea level, where

the counts may rise to six, seven, or even eight million corpuscles

to the cubic milHmeter. This change is not permanent and there

is a gradual diminution in the number of corpuscles after two or

three years' residence, to a point usually a trifle higher than the

count on the same person at sea level. Permanent residents in

high altitudes usually show counts slightly over the sea level nor-

mal of five million.

The conditions underlying this change are not wholly under-

stood. By many it is considered to be a compensatory hyper-

plasia due to the lowered oxygen tension of the atmosphere.

Others have suggested that the change is due to concentration

of the blood owing to the increased evaporation from the skin

and the stimulus of the rarefied air. On returning to sea level

the number of corpuscles falls to the average of five million. The

high counts are not due to errors in the haemocytometer chamber

brought about by the lowered atmospheric pressure, as was origi-*

nally thought.^

Pathological Polycythaemia.—An increase in the number of

corpuscles is seen after severe watery diarrhoea, especially in

Asiatic cholera, when though the total number of corpuscles in

the body may be diminished, yet the removal of large quantities

of fluid produces an extreme concentration of the blood. In the

same way a rapidly forming exudate, profuse sweating, per-

sistent vomiting, and starvation, may remove water from the

blood, and thus apparently increase the number of corpuscles.

Occasionally we see a case of carcinoma of the pylorus in which

persistent vomiting has continued for a few days, and although

a marked anaemia would naturally be expected from the starva-

tion resulting from the obstruction and the toxic effect of the

new growth, yet a mere enumeration of the corpuscles may show

^ For a general review of this subject, see Kronecker : Die Bergkrankheit,

Berlin, 1903. See also Kemp: Proc. Am. Phys. Soc, Amer. Jour, of Phys.,

vol. X, 1904, p. xxxii.
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nearly normal values. The haemoglobin, however, may be low-

ered owing to the anaemia of the individual red cell.

Polycythaemia has also been noted in jaundice and in connec-

tion with poisoning by phosphorus and by carbonic oxide, though

the underlying causes are not as yet understood.

Polycythaemia is also met with in congenital ^ or acquired heart

disease, the counts in persons with congenital lesions often rising

to six or seven millions. Considerable differences have been ob-

served in the counts of the blood from a vein and from the finger

tip, showing that in uncompensated heart disease there may be

an irregular distribution of the corpuscles. The increase in the

number is probably due to a compensatory hyperplasia of the

red corpuscles to make up for the imperfect aeration of the tissues

by the venous blood which circulates through them.

The writer has frequently noted in persons suffering from

broken compensation due to either valvular or muscular lesions

of the heart, a considerable number of normoblasts, in one case

rising as high as 5,000 to the cubic millimeter. Polychromato-

philia and granular degeneration are also frequently present. All

of these morphological changes in the red cells disappear promptly

either on the continuous administration of oxygen, or as compen-

sation is obtained from rest in bed, or by the action of drugs.

The rapid alterations in the number of cells which may be ob-

served in persons with either congenital or acquired heart disease

show, however, that a hyperplasia of the cells is not the only

factor. A portion of the polycythaemia must be due to some con-

centration of the corpuscles in the vessels of the periphery. Poly-

cythaemia also accompanies cyanosis produced by any interference

with the aeration of the blood of the lungs. It has been noted

in stenosis of the larynx and in pneumothorax. Some cases of

chronic pulmonary tuberculosis with large cavities show high or

normal counts with very low haemoglobin. In persons suffering

from marked chronic pulmonary emphysema the figures for the

red cells are apt to be high. The same condition is found in

persons suffering from bronchiectatic cavities in the lung of a non-

tuberculous nature. Such cases often show marked clubbing of

the fingers and other evidences of imperfect circulation.

^ Wile : Proceedings of the New York Path. Society, N. S., vol. iv, p. 36.

Grawitz: Deut. Arch. f. klin. Med., 1895, Bd. liv, p. 588.
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olycythsemia has also been met with in cases of enlargement

of the spleen with chronic cyanosis, a few examples of which have

recently been described in the literature.^

ANiflEMIA

The expression anaemia denotes a deterioration in the quality

of the blood which may affect either the red cells or the haemo-

globin or both. These changes in the composition of the blood

make themselves manifest by a number of symptoms, among
which the most striking are pallor of the skin and mucous mem-
branes. This pallor may be an accurate index of the degree of

impoverishment of the blood, or may indicate only an abnormally

small capillary circulation in the corium. Dwellers in tropical

countries often show the most marked pallor with a normal blood

count, while a blond of the Teutonic race may have a high color

with a considerable degree of anaemia. The mucous membrane of

the palpebral conjunctiva or of the lips, or the amount of vascu-

larization seen under the nails, is much more likely to afford re-

hable evidence of the presence of an anaemia than the skin.

Freshly drawn blood from all varieties of anaemia shows cer-

tain aberrations from the normal, such as low specific gravity,

less depth of color as it flows from the puncture, and a diminution

in rouleau formation, which permits the experienced observer

to draw conclusions of diagnostic value ; but, however important

such facts may be, they can never replace a careful and systematic

study of both fresh and stained preparations.

The anaemias may be classified most simply under three divi-

sions of (1) chlorosis, (2) secondary anaemia, and (3) pernicious

anaemia. It must be remembered, however, that each of these

anaemias can not be promptly relegated to its respective class by a

simple examination of a smear of blood ; on the contrary, each of

these so-called types is artificial and arbitrary, and the distinctions

which are made between the various types are based upon an

average morphology, so to speak, and each group may have clus-

tered about it a large number of types which differ only slightly

from each other and gradually bridge over the sharp distinctions

^ Rendu et Widal : Soc. med. des hopitaux, 1899, p. 528. Tiirk : Wien.
klin. Woch., 1902, p. 372. Osier: Trans, of the Assoc, of Am. Physicians,

1903, vol. xviii, p. 299.
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between the groups. In other words, if we should arrange the

ansemias in a tabular form, beginning with that which shows

the least blood change in the average case and ending with that

which shows the most, we should begin with chlorosis and end

with pernicious ansemia. Between the two ends of the series the

difference in the blood morphology is so striking that there is

no possibihty of confusion, but to distinguish between the forms

lying adjacent to one another is at times very difficult, if not im-

possible, merely from examination of the blood alone.

The scheme below is merely a diagram to indicate roughly the

conditions met with in classifying the ansemias and to indicate

also the intimate relationship which exists between the types.

Beginning with the simpler ansemias, like the chloroses, which

show red cells of practically normal dimensions and numbers in

mild cases, there is a gradual transition to the pernicious form

in which the red cells show the most extreme alterations. The

differences between the members of the series are qualitative and

not absolute, for even in chlorosis, the mildest of the simple forms,

it is possible very rarely to find megaloblasts in advanced cases,

while in pernicious ansemia, they, as a rule, form the greater

proportion of the nucleated red cells, even in the less developed

forms. So, too, an ansemia due to the cestode worm, Bothrio-

cephalus, may show on examination only a mild ansemia of the

Normoblastic and microcytic type.

Intermediate type, may be macro-

or microcytic.

Megaloblastic and macrocytic type.

Chlorosis

Secondary anspmia due to bad hy-

sienic conditions.

"t
Secondary anemia due to general

disease.

Secondary ansemia due to poison-

ing (lead, etc.).

Secondary anaemia 'due to tumors,

chronic haemorrhage, etc.

Secondary ansemia due to intesti-

nal parasites.

^.
.

Pernicious anaemia (cryptogenetic

ansemia)

.
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chlorotic type, while in other cases the anaemia produced by this

worm can not be distinguished from pernicious anaemia by the

blood examination, but only by finding in the stools the charac-

teristic eggs of the worm.

The acute anaemia following haemorrhage is not included in the

scheme as it belongs to a special class, the changes present being

dependent upon the rapid loss of blood and the effort of the bone

marrow to make up for the deficiency as quickly as possible.

ANEMIA FOLLOWING HAEMORRHAGE

The lowering of the number of the red cells and the haemoglo-

bin is roughly proportional to the amount of blood lost, but there

is always a slight continuous and progressive reduction during

the first twenty-four hours following the haemorrhage. This is

due to the fact that 'it takes a certain time for the tissue fluids

to transude into the vessels to replace the loss of blood, and this

transudation makes itself felt for some time in a slow reduction

of the red cell count. Occasionally there is a slight fall lasting

for some days after the haemorrhage, which may be due to the

lessened resistance of the corpuscles first turned out by the bone

marrow to replace the loss.

The amount of blood which may be lost, as evidenced by the

reduction in the number of red cells, depends largely upon the

rapidity with which the blood is removed from the vessels, as it

is evident that a much larger amount may be lost by a gradual

oozing than by a sudden removal of a large quantity.

The reduction of the red cells to nine hundred thousand to

the cubic millimeter has been seen in a haemorrhage extending

over ten hours' time, and Hayem reports a case in which the

diminution of the red cells reached to five hundred and fifty

thousand in a haemorrhage extending over six days' time. The
restitution of the lost cells may begin within a day or so, but

is occasionally delayed for eight to ten days, depending upon
the amount lost and the general health of the patient before the

haemorrhage. The time required for complete recovery is also

dependent upon the amount, and it may take several months
before the normal number of cells is found in the blood. Bier-

freund^ states that regeneration may be complete in three weeks,

^ Langenbeck's Arch., 1890, Bd. xli, p. 1.
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if the blood lost does not exceed. 20 per cent, of the whole, or

four weeks after the loss of 25 per cent. The haemoglobin in

this regeneration does not follow the upward rise of the red cells,

but lags considerably behind. This may be due to two causes

—the newly formed cells as they leave the bone marrow may
not contain their normal amount of haemoglobin, or the regen-

erated cells may be microcytic, thus giving a high numerical

count with a low haemoglobin percentage. Both factors usually

obtain. Tallqvist i has found that the amount of iron present

in the liver has an important bearing on the rapidity of replace-

ment of the haemoglobin, a large stock of ''reserve" iron con-

ducing to quick recovery. The specific gravity of the blood is

reduced to a considerable degree, proportional to the amount of

blood lost.

The morphological changes in the red cells are usually well

marked and reach a very extraordinary extent in slow, long-con-

tinued haemorrhages, owing to the degenerative, or, perhaps more

accurately, regenerative changes which take place in the blood-

producing organs.

After every severe loss of blood, careful search will reveal the

presence of normoblasts in small numbers ; occasionally they may
form a considerable proportion of the red cells. Their appearance

in the peripheral blood is not continuous, but in the form of the

so-called ''blood crises." ^ That is, they appear at irregular inter-

vals in large numbers and are usually present for a few days only,

while between the "crises" the blood may be comparatively free.

These crises have also been noted during the treatment of anaemias

with arsenic.^ This same intermittent action of the bone marrow

is apparent in other diseases and also in the production of the white

cells. The appearance of normoblasts in the blood is an evidence

of the inability of the bone marrow to cope with the sudden

demand for a large number of new cells, and their disappearance

an indication that the normal blood formation is again taking

place. Rarely microblasts are seen, and during the recovery

from a very great and long-continued haemorrhage an occasional

megaloblast may appear. Within a short time after the haemor-

rhage a moderate polychromatophiha is often apparent, which,

1 Exp. Blutgift Anamien, Helsingfors, 1900.

^ V. Noorden : Charite Annalen, Bd. xvi, 1891, p. 217.

' Askanazy : Zeit. f. klin. Med., Bd. xxvii, 1895, p. 503.
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however, soon disappears unless the haemorrhages are repeated.

Poikilocytes are frequently seen and also microcytes.

The red cells for a few days may show a distinct increase in

bulk for the individual cell, which is best made evident by deter-

1
^ ©^ ^^1^

^••*

.^!?£: .SM-L.,..
Fig. 35.

—

Normoblastic Crisis in a Case of Severe Anemia.
Magnified 700 diameters.

mining the bulk by the centrifuge, though it may be shown by

microscopical examination of the individual corpuscles. This

change is thought to be due to the lowering of the osmotic tension

of the serum by the transudation of the tissue fluids into the blood

and the absorption of the water by the red cells. The loss of



DESCRIPTION OF PLATE IV

Stained by the Jenner Method

Figure A.—Normal Blood

The red corpuscles differ slightly in size and shape, and some of them are

more deeply stained in the center than others, variations which are con-

stantly met with in normal blood. The leucocytes in the drawing are more
abundant in relation to the red cells than normal in order to include a sufficient

number of them in a single field of the microscope.

Five polynuclear neutrophile leucocytes are present in the figure, sliowing

the common variations in the form of the nuclei. The cell in the upper left

corner corresponds to the transitional tj^pe of neutrophile leucocyte. In

the upper portion of the field is a large lymphocyte with a deeply stained cell

l)ody which shows two small projecting masses. Below are two small lympho-

cytes, one of which shows nucleoli. To the right from above downward are

a large mononuclear leucocyte, an eosinophile leucocyte, a small group of

blood plates, and a basophile cell (mast cell.) In the center of the figure

is a medium-sized lymphocyte with a faintly staining cell body and dark blue

nucleus. This variant from the usual stain is especially abundant when the

Jenner preparation has been washed with tap water, and may also be seen

in the lymphatic leukaemias. A complete series can usually be made out

between the lymphocytes and the large mononuclears.

Figure B.—Chlorosis

The changes of importance in chlorotic blood are practically confined to

the red cells. The erythrocytes show marked variations in shape (poikilo-

cytosis) and in size (anisocytosis). The average diameter is, as a rule, slightly

below that of normal blood, though occasionally ver}^ large corpuscles may be
seen. The central depressions are much more extensive than in normal blood,

many of the cells showing only narrow rings of stained protoplasm.

Crenation is much more apt to occur in chlorotic than in normal blood.

Granular degeneration will be noted in a cell above to the right, while below
is a purplish red cell showing polychromatophilia. A normoblast is figured

slightly to the left of the center. The cell body is orthochromatic, the nucleus

quite compact and deeply staining (pycnotic). The leucocytes are the same as

in normal blood.
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haemoglobin in the cells is often apparent from their low stain-

ing capacity and the increased size of the central depression.

The white cells are, as a rule, increased in numbers, which is

usually due to an absolute increase in the number of polynuclear

neutrophiles, though rarely there may be an increase in the num-
ber of the lymphocytes. The basophiles may rise as high as 3

per cent, shortly after the haemorrhage. Sometimes a moderate

number of myelocytes may appear in the blood; in one case of

Ehrlich's they formed 14 per cent, of the white cells, but such a

phenomenon is usually quite transitory and only an evidence of

an extreme stimulus to the bone marrow, which causes it to turji

out imperfectly matured cells. The bone marrow' of children is

much more likely to act in this manner than that of adults.

This stimulus to the bone marrow results in a marked hyper-

plasia of this structure and the replacement of the normal fatty

marrow in the shafts of the long bones with red marrow, consisting

largely of nucleated red cells. The degree of this replacement

is dependent upon the amount and length of time over which the

loss of blood extends; in acute haemorrhages with a single large

loss of blood the hyperplasia is usually not great. The coagula-

bility of the blood and the number of blood plates are increased

after a haemorrhage.

^

CHLOROSIS

The blood changes in chlorosis upon which emphasis should be

laid are, first and most important, a relatively high red cell count

with a low haemoglobin per cent. The red cells may remain at

the normal for women (4,500,000) or they may fall to between

1,500,000 and 2,000,000, but in any case the haemoglobin value of

the red cells is greatly reduced, often to 20 or 30 per cent, by
Fleischl, and averaging 40 per cent, in a large series of cases.

The color index in three hundred and fifty cases of chlorosis

averaged about 0.5. This relatively low index is most marked in

first attacks in young women; in recurrences it is not so striking,

nor is it so evident in the chloroses of older persons or in long-

continued anaemias. The red cell's average diameter in chlorosis

is unchanged or diminished, but individual corpuscles vary a

* For an experimental study of the blood changes after haemorrhage, see

Willebrand: Zur. Kennt. d, Blutverand. nach Aderlassen, Berlin, 1900.
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good deal (see Fig. 36). Occasionally one sees megalocytes

measuring 12 to 15 micra, but small cells are much more

abundant. The red cells when stained lightly with eosin show

a very marked increase in size of the pale central depression,

especially in those cells which lie in the thicker part of the smears.

The change is not well marked in Jenner preparations. Even
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Fig. 36.

—

Chlorotic Blood. Magnified 700 diameters.

the poikilocytes may be mere faint rings of stained protoplasm.

The latter are absent in the light forms, more marked in the severe

forms of the disease. They may disappear from the blood in a

week with suitable treatment.

Normoblasts can be found, after careful search, in all well-

marked cases. Megaloblasts have been seen, but with extreme

rarity and only in very advanced anaemia. Polychromatophilia
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DESCRIPTION OF PLATE V

Stained by the Jenner Method

Figure A.—Secondary Anaemia following Hemorrhage

The changes in the red cells are much the same as in chlorotic blood, with

the exception that erythrocytes showing granular degeneration and poly-

chromatophilia are usually more abundant owing to the rapid regeneration of

the red corpuscles, and normoblasts are apt to be present in considerable

numbers.

The leucocytes are usually increased and the basophile cells are much more

numerous than in normal blood. The red cells in the upper portion of the

field show the usual arrangement of the granules in punctate degeneration;

that is, they are arranged in a broad ring at the periphery of the corpuscle.

Three normoblasts are shown, two of which have large nuclei with suggestions

of a chromatin network; the third has a small pycnotic nucleus. In the

lower right-hand corner of the field is a red cell containing a central mass of

haemoglobin. This picture is frequently met with in the anaemias and is of

no diagnostic significance.

Figure B.—Secondary Anemia following Carcinoma of the
Stomach

The changes in the red cells are chiefly a loss of haemoglobin, as evidenced

by the marked central depression. A moderate poikilocytosis is present. A
normoblast is shown in the upper portion of the field whose cell body is filled

with basophilic granules. Cells of this type are especially abundant in myel-
ogenous leukaemia, but are occasionally seen in the secondary anaemias. The
leucocytes are chiefly those of the polynuclear neutrophile variety.

137
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and granular degeneration may be present in moderate amount.

The leucocytes remain normal in number ; but there is usually a

slight relative lymphocytosis and a marked reduction in the

eosinophiles. A typical differential count is : small lymphocytes,

18 per cent., large lymphocytes, 17 per cent., polynuclears, 64 per

cent., eosinophiles, 1 per cent.

Myelocytes have been seen very rarely. The specific gravity

of the whole blood is lowered in proportion to the haemoglobin

reduction. The iron content of the blood varies roughly with the

haemoglobin. The serum remains quite constant in its compo-

sition. It must always be remembered that the diagnosis of

chlorosis can not be made from a stained slide nor from a blood

count and haemoglobin estimation alone. The whole cHnical pic-

ture must be taken into consideration. In other words, a mild

chlorotic change in women may be produced in many ways, and

a mere blood examination may not furnish absolute points for

a differential diagnosis.

SECONDARY ANEMIA DUE TO BAD HYGIENIC CONDITIONS

This type of anaemia is one which is frequently met with in

hospital and dispensary practice, furnishing the largest proportion

of the simple anaemias encountered under these conditions. The

most active agent in the production of this form of anaemia is

probably not so much bad air and lack of light, as is usually

assumed, but the lack of food containing a sufficient amount of

iron to supply the body waste. This lack of iron is mainly owing

to the small amount of meat consumed by the poor because of its

high cost. The same condition is active in regard to the vege-

tables which contain iron in sufficient quantity, so that the diet

of the poor is often largely farinaceous and contains but little iron.

The effects of this limitation in the essential constituent of the

haemoglobin are often of considerable extent and affect chiefly

the haemoglobin content of the red cells, but at times reduce the

number of the latter. At times the most extreme anaemia is

seen, for which the only apparent cause is an extreme degree of

malnutrition determined solely by the conditions outlined above.

Von Limbeck reports a case in which the red cells were reduced to

306,000, yet in a few months of treatment they reached 4,280,000.

The specific gravity is low, corresponding to the reduction in



SPECIAL PATHOLOGY OF THE BLOOD 139

haemoglobin. A leucocytosis is not seen nor are the proportions

between the leucocytes altered to any marked extent.

SECONDARY ANEMIA DUE TO GENERAL DISEASE

Prolonged suppuration is capable of causing a marked reduction

in the red cells and the haemoglobin of the blood by a combination

of conditions, the most important of which are the direct action

of the toxins of the bacteria on the blood and the bone marrow by

a destruction of the first and a diminution of the blood-producing

power of the second. A minor factor is the loss of serum which

takes place in the exudate and the inability of the patient to re-

place the loss because of the faulty digestion and assimilation

which exists, due to the septic condition of the case. A good

example of this type of anaemia is the marked and rapidly in-

creasing impoverishment of the blood seen in puerperal infections,

where . the red cells may fall to 20 per cent, of their original

number in the course of a few days.

Acute Infectious Processes.—Fever, or rather, the conditions

which incite fever, is capable of causing very considerable anaemia,

especially if the infection be long continued as in typhoid fever.

The very constant appearance of an increase of the urobilin in

the urine of patients with a febrile condition is an evidence of a

greatly increased blood destruction. An interesting example of

fever excited by a toxin and accompanied with increase in the

excretion of urobilin is seen after the injection of Koch's tuber-

cuhn.

Diseases of the gastro-intestinal system, either with atrophy

or injury of the mucous membrane or with the absorption of

toxins from the intestinal contents, are often a determining factor

in the production of more or less severe anaemia. This may be

especially severe after a protracted enteritis or colitis, especially

where there has been a moderate extravasation of blood from the

inflamed mucosa, thus adding haemorrhage to the other causes

for blood destruction. The alterations which take place in the

absorption and digestion of the food in such cases of gastro-

intestinal disorder also add the symptoms due to inanition.

Syphilis may incite a moderate anaemia in the first stage of

the disease, but that of the second stage is usually much more

marked and its degree to a certain extent records the severity of

the infection. Anaemias of great severity ^re occasionally seen
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during the tertiary stage of syphilis, which at times closely re-

semble true pernicious anaemia in the morphology of the blood and

more especially in the general clinical appearance. The leucocytes

in syphilitic anaemia are not increased. Justus ^ claims that in

constitutional syphilis the initial doses of mercury cause a rapid

fall of from 10 to 20 per cent, in the amount of haemoglobin and

that this phenomenon can be used from a point of view of diag-

nosis. The method is to give an inunction in an adult of about

4 grams of mercurial ointment after having made a careful pre-

liminary estimation of the haemoglobin, and then to make another

test of the haemoglobin, twelve to eighteen hours later. These

observations have not been generally accepted,^ and the writer

in a number of cases has not been able to note greater fluctua-

tions than occur normally in the haemoglobin of the blood.

Malarial fevers are capable of reducing the number of red cor-

puscles to an extraordinary degree, numbers as low as 500,000

to the cubic millimeter having been reported in cases of chronic

malarial cachexia. The method of destruction in this disease can

be easily observed under the microscope by watching the segmen-

tation of one of the mature organisms and noting the mere shell

of corpuscular substance remaining. An interesting condition

often seen in the red cells in malaria, is a well-marked granular

degeneration, while in a case which has existed for some time and

produced a moderate anaemia a moderate number of cells with

polychromatophiha may be seen. Infection of the, red cells by

the tertian parasite, or more rarely by the aestivo-autumnal sets

up a granulation of the body of the red cells which differs from

the ordinary granular degeneration in the fact that the particles

assume a reddish stain instead of a blue, when colored with

methylene azure. A relative lymphocytosis is often met with due

to an increase in the larger forms.

SECONDARY ANAEMIA DUE TO POISONING

An anaemia of great practical importance is due to poisoning

by lead. The condition found in the blood is probably due to

several factors; the direct action of the lead compounds on the

1 Deut. Arch. f. klin. Med., 1903, Bd. Ixxv, p. 1.

^ Oppenheim und Lowenbach : Deut. Arch. f. klin. Med., 1901, Bd. Ixxi, p.

425; 1903, Bd. Ixxv, p. 22.



SPECIAL PATHOLOGY OF THE BLOOD 141

red cells and the blood-forming organs and the alteration in the

mucous membrane of the gastro-intestinal tract being the most

important, while the chronic nephritis which so often accompanies

chronic lead-poisoning also contributes to the anaemia in a certain

number of cases.

The action of the lead on the gastro-intestinal tract produces

lesions of considerable severity which interfere with the proper

digestion and absorption of the food, but this change is difficult

to determine cHnically: the blood, however, shows morpholog-

ical alterations which are often quite characteristic. The anaemia

produced is of no especial type and does not differ from the vary-

ing grades of secondary anaemia produced by other causes, but the

changes which take place in the red cells are of great interest,

especially as they can be easily reproduced in animals.

The alterations found are of two kinds : granular degeneration

and polychromatophilia. The granular degeneration is more

abundant in lead-poisoning than in any other form of secondary

anaemia, and in a severe case a large proportion of the red cells

may be altered. The number of granulated cells varies with the

severity of the attack and especially with the severity of the

cHnical symptom of the colic. When all the granules disappear

it is an evidence that the disease is lessening in severity and that

attacks of colic are not likely to occur. The polychromatophilia

is usually well marked, and such cells often contain small vacuoles

and other evidences of degeneration. Normoblasts may be found

in advanced cases, and occasionally a few megaloblasts in the most

severe forms which usually lead to a fatal termination. Cases

have been seen in which the blood became megaloblastic in type

and in its general morphology resembled that of pernicious anae-

mia. The leucocytes are not increased or altered in their pro-

portions to one another.

Arsenic occasionally produces a severe anaemia, but without,

any special characteristics except for a moderate amount of

granular degeneration. Copper, cobalt, thallin,i and the inhala-

tion of illuminating gas also give rise to granular degeneration,

but under ordinary conditions the phenomenon, if well marked,

is diagnostic of lead-poisoning.

Extreme anaemia from poisoning by potassium chlorate 2 and

^Keil: Diss. Rostock, 1901.

^ J(wob : Berl. klin. Woch., 1897, p. 580 (potassium chlorate).



142 THE BLOOD

by substances of the aniline group has been observed in a number

of cases, ^ one of which was due to nitrobenzol ^ and is of sufficient

interest to warrant an abstract.

After taking about one hundred grains of the poison, the

blood was chocolate colored and examination showed the presence

of methaemoglobin. The red cells were reduced before death to

900,000 and the nucleated red cells became very abundant, rising

to 24,700 to the cubic millimeter. During the early part of the

disease a considerable proportion of these cells were normoblasts,

but later megaloblasts preponderated. Mitoses were seen in con-

siderable numbers, but more usually the changes in the nuclei

were of a degenerative nature. The leucocytes were increased to

61,000 and many myelocytes were present. Polychromatophilia

was well marked as was granular degeneration. Many of the red

cells were poikilocytic, and there were numerous fragments of the

erythrocytes, such as are seen in the artificial anemias, produced

by injecting pyrodin into animals.

An interesting case of chronic poisoning with acetanilid pro-

ducing similar blood changes is that of Stengel and White.^ For

four or five years the patient had been taking considerable

quantities of acetanilid. At the time of the first examination,

the blood was found to contain about three million red cells

and twenty thousand whites. The urine contained considerable

albumin and a few granular casts. The second examination of

the blood showed 2,092,000 red corpuscles, 71,400 nucleated cells,

and 35 per cent, of haemoglobin. Thirty-two thousand three

hundred and twenty-three of the nucleated cells were red cor-

puscles, leaving thirty-nine thousand leucocytes. Ninety-one and

four-tenths per cent, were normoblasts, many of which showed

irregular clover-leaf nuclei. Three and five-tenths per cent, were

megaloblasts and 5.3 per cent, were free nuclei. The non-

nucleated red corpuscles varied greatly in size, megalocytes and

poikilocytes being abundant. Many of the red cells contained

mitoses. Granular degeneration and polychromatophiHa were

present in many cells.

Differential count of the leucocytes showed: polynuclears, 72.4

^ Brown : Am. Jour, of Med. Sci., vol. cxxii, 1901, p. 770 (acetanilid).

2 Ehlich and Lindenthal : Zeit. f . klin. Med., 1896, Bd. xxx, p. 427. Boas

:

Deut. med. Woch., 1897, p. 817 (nitrobenzol).

3 University of Penn. Medical Bulletin, vol. xv, 1903, p. 462.
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per cent. ; mononuclears, 5.4 per cent. ; transitional, 6.6 per cent.
;

lymphocytes, 11.4 per cent.; eosinophiles, 0.8 per cent.; myelo-

cytes, 3.4 per cent. After the taking of the drug had been

stopped, the blood returned to normal in about six weeks.

SECONDARY ANEMIA DUE TO TUMORS

Benign tumors, even if they are of considerable size and rapid

growth, do not alter the composition of the blood unless some

compHcation arises, such as the pressure on some important organ

or the ulceration and breaking down of the tumor itself.

Malignant tumors, on the other hand, no matter what their

situation may be, cause a distinct reduction in the amount of

haemoglobin of the blood and often a marked reduction in the

number of the red cells. The situation of the tumor, however,

exerts an important influence on the process of production of the

anaemia. If it is in such a location that pressure or invasion

of an important organ takes place, the amount of anaemia pro-

duced is greater than in a tumor of similar size and nature so

placed that it does not press upon nor invade important structures.

Especially is this true of tumors involving the bone marrow,

which often, though not always, produce a most rapid and severe

type of anaemia with the appearance in the blood of numbers

of nucleated red cells and degenerate forms. The type of tumor

seems also to exert an influence on the composition of the blood,

especially if metastases are formed earl}^ An example of such in-

fluence is seen in the slight anaemia produced by a slow-growing

scirrhous carcinoma of the breast, as contrasted with the rapid

anaemia which follows the development of a small round cell

sarcoma with its rapidly formed and abundant metastases.

The favoring of haemorrhage is another condition by which

the situation of the tumor may influence its action on the com-

position of the blood, as is best seen in tumors of the cervix and

body of the uterus and of the gastro-intestinal canal, in which

situations ulceration of the surface of the growth is very Hable

to occur, with erosion of the wall of a large vessel or abundant

capillary oozing.

In general, it seems probable that the anaemia produced' by a

malignant growth may be referred to the toxic action on the blood

and blood-making organs of the products of the abnormal metab-
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olism which goes on in the tissues of mahgnant tumors. Direct

experimental proof of this by injecting extracts of tumors into

animals has not as yet been obtained, but the immunity of ani-

mals to the results of transplantation of tumors derived from

human beings may explain the lack of effect.

The great frequency of tumors of the stomach, and the marked

anaemia which they may produce owing to their pecuUar situ-

ation, which enables them to interfere with the digestion and the

Fig. 37.

—

Secondary Anemia due to Cakcinoma of the Stomach.
Magnified 700 diameters.

absorption of food, both by mechanically blocking the entrance

and exit of the latter, and also by altering the digestion of the

food by setting up a chronic gastritis, and their peculiar liabil-

ity to haemorrhage, warrant a special discussion of this form of

anaemia.

The blood in cases of carcinoma of the stomach shows no con-

stant alteration which may be used for diagnostic purposes. The
average change found is a considerable lowering of the haemoglobin
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content of the red cells—in other words, a low color index—and of

the specific gravity of the blood, without a very great reduction

of the number of the erythrocytes or noticeable change in the

shape and size of the latter—^in other words, a secondary anaemia

of a chlorotic type. The mild cases in which the tumor has not

caused a marked stenosis of the pylorus or severe haemorrhages,

often show a red cell count of over 4,000,000, with a moderate

leucocytosis in about half the cases and a few small or poikilo-

cytic red cells. The severe cases may mimic pernicious anaemia

very closely in their clinical aspect, though an examination of the

blood will show over 1,500,000 red cells, while in pernicious

anaemia of equal clinical severity the count would be much less.

The cell type in carcinom.a of the stomach is usually microcytic,

the formation of fibrin is abundant, the blood clots quickly and

the clot contracts well and squeezes out clear serum—phenomena

often absent in pernicious anaemia. In most cases normoblasts

can be found after a reasonable search, and occasionally a megalo-

blast when the anaemia becomes extreme. If metastases are pres-

ent in the bone marrow the anaemia is likely to be very severe and

show more megaloblasts than in a case without this condition.

Polychromatophilia and granular degeneration are present in

the red cells in all well-marked cases. A moderate leucocytosis

is present in about 30 per cent, of the early cases, and after the

anaemia has become well estabhshed the proportion of the cases

showing leucocytosis rises to about 60 per cent. The size and the

situation of the tumor seem to influence the leucocytosis ; small,

slow-growing tumors often cause no leucocytosis, large, rapidly

growing, pyloric tumors with metastases and cachexia favor leu-

cocytosis. (Plate V, Fig. B, and Fig. 37, p. 144.)

A digestive leucocytosis is not present in about 90 per cent,

of the well-marked cases, a point which has been suggested as of

corroborative value in diagnosis. The relative proportions of the

white cells are altered as the disease advances. The lymphocytes

are relatively diminished, the polynuclears increased, averaging

70 to 75 per cent., the large mononuclears are sHghtly increased,

or occasionally appear in very large numbers. Basophile cells

may be increased up to about 3 per cent. This change is of

great value as a differential diagnostic point between this form of

secondary anaemia and pernicious, in which the lymphocytes show

a relative or even an absolute increase.



146 THE BLOOD

A source of error which must be considered in the discussion

of the results in the enumeration of the corpuscles and the deter-

mination of the haemoglobin is the increase in the concentration of

the blood which can often be observed after prolonged vomiting

or in cases with marked dilatation of the stomach. This concen-

tration results, it is evident, from the removal of large quantities

of fluid from the body in the case of vomiting, or in the retention

and non-absorption of such fluid as may be taken in, in the case

of obstruction of the pylorus and great increase in the gastric

capacity.

When a mahgnant tumor involves the bone marrow, either

directly or by metastases, the blood picture which results is often

quite characteristic. The anaemia is much more severe than when
the marrow is not invaded. The number of nucleated red cells

is likely to be greatly in excess of that usually seen in secondary

anaemia due to malignant growths, and what is most characteristic

of all, myelocytes of various types are usually seen in the blood.

A number of cases have been reported^ in which a diagnosis

has been made either of pernicious anaemia, as in the case of

Ehrlich,2 or in which myelogenous leukaemia was suggested, as

in the case reported by Kast,^ or in that of Strauss which sug-

gested lymphatic leukaemia, a leucocytosis of 32,000 being found

in a patient suffering from a general sarcomatosis, the white cells

being almost entirely lymphocytes. As stated above, the vari-

ations in the red cells may be extreme, falling as low as 700,000

to the cubic milUmeter. The leucocytes may or may not be in-

creased in numbers. Usually there is a sHght rise, sometimes as

high as thirty or forty thousand. Normoblasts are almost always

present; megaloblasts occasionally; poikilocytosis and polychro-

matophiha are more or less abundant. In two cases which the

writer has had the opportunity to examine, the blood picture was
not that of pernicious anaemia, and although occasionally megalo-

blasts could be found, the general morphology was distinctly that

of a secondary anaemia. The neutrophile myelocytes in these

cases were, in one, .5 per cent. ; in the other 7 per cent. In

some of the cases in the literature the neutrophile myelocytes

have risen to 12 or 15 per cent. Eosinophile m3^elocytes, as a

^ Kurpjuweit : Deut. Archiv f. klin. Med., Bd. Ixxvii, 1903, p. 553.
2 Charity Annalen, vol. v, 1878, p. 198.

3 Deut. Arch. f. klin. Med., Bd. Ixxvi, 1903, p. 48.
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rule, however, are not over 1 to 2 per cent., and basophile cells

are not greatly increased. Occasionally the neutrophile granules

are very imperfectly developed even in the polynuclear forms.

Besides the myelocytes, one occasionally meets with the pecuhar

basophihc mononuclears described by Tiirk as irritation forms.

The haemoglobin index in both of my own cases was low. The

autopsy on one case showed myeloid changes in the spleen, and

a few areas of m3^elocytes in the liver. The marrow was invaded

by numerous small nodules of the carcinoma and the space be-

tween the tumor masses was filled by hyperplastic red marrow.

In another case of gastric carcinoma, however, seen by the writer,

though there were a few nodules of the tumor in the marrow of

the long bones and a number of vertebrae had been invaded by

direct extension, yet the changes in the blood were characteristic

only of a moderate secondary anaemia and no myelocytes were

found on making a differential count of the leucocytes. On the

other hand, myelocytes in small numbers may be present even

though the growth has not involved the marrow. Thus, in a

case of carcinoma of the stomach, the writer found the red cells

to be 3,628,000, the white 6,700, haemoglobin 35 per cent. A
differential count of a thousand cells was as follows : polynuclear

neutrophiles, 70.9 per cent. ; transitional, 5.6 per cent. ; large

lymphocytes, 13.5 per cent. ; small lymphocytes, 8.5 per cent.

;

eosinophiles, 0.5 per cent. ; basophiles, 0.7 per cent. ; myelocytes,

0.3 per cent. It is therefore not always possible to diagnose the

invasion of the bone marrow from the blood picture, as Kurp-

juweit has assumed.^

SECONDARY ANEMIA DUE TO INTESTINAL PARASITES

The Uncinaria duodenale (Anchylostoma duodenale) is capable

of producing severe and even fatal anaemias in those who harbor

large numbers of worms in the intestinal tract. The changes in the

blood in the mild infections are usually those of a simple anaemia

of a chlorotic type with an increased number of eosinophiles.

In more severe infections a marked anaemia may be present, the

cells falhng to two or even to one miUion to the cubic milHmeter,

with a moderate number of normoblasts and megaloblasts.

The color index is almost always low in contrast to pernicious

^ Deut. Arch. f. klin. Med., Bd. Ixxvii, 1903, p. 553.
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anaemia and there is generally a moderate leucocytosis. The
eosinophiles vary from normal numbers to as high as 72 per cent,

of the leucocytes. The average in the cases studied by Boycott

and Haldane^ was 20.8 per cent.

The anaemia due to these worms is frequently met with in

Northern Africa, where it is known as Egyptian chlorosis, and

in Europe where it is termed tunnel-worker's disease. It is seen

also in the Rhine Valley in the laborers in brickyards. In the

United States the disease is occasionally met with in the coal miners

in Pennsylvania ^ and in the Southern States. It is exceedingly

frequent in Porto Rico and the Windward Islands.

The Bothriocephalus latus also causes severe anaemias. The
blood change in these cases may be that of a mild chlorosis or

secondary anaemia, or may be indistinguishable from pernicious

anaemia with numerous megalocytes and megaloblasts. The poi-

son of these worms has no positive chemotaxis on the eosinophile

cells, at least after the production of a marked anaemia.^

The changes in the blood are, chiefly, a great reduction in the

red cells, one of Schauman's cases having a count of 395,000. The
average diameter of the cells is greater than normal. Poikil-

ocytosis is well marked, as are also granular degeneration and
polychromatophiha. Nucleated red cells are present in a large

proportion of the cases and may be extraordinarily abundant, as

in the case of Askanazy,^ Megaloblasts are especially abundant,

usually more so than normoblasts. The color index is high. Leu-

cocytes are present in about normal numbers and there is no eosino-

phiHa. Expulsion of the parasite usually results in a cure of the

anaemia, but a number of cases have terminated fatally even

though the parasite was removed from the intestine.

The production of the anaemia is probably due to the ab-

sorption of a haemolytic substance derived from the bodies of the

worms. Some observers have suggested that dead or diseased

worms are those especially responsible for the production of anae-

mia, but this statement has not been verified. It is certain, how-
ever, that only a few persons carrying these worms suffer from

severe types of anaemia, and it is probable that some congenital

^ Journal of Hygiene, vol. iii, 1903, p. 95.

2 Wainwright and Nichols : Medical News, vol. Ixxxiv, 1904, p. 785.
^ Schauman : Bothriocephalus Anamie, Berlin, 1894.

* Zeit. f. klin. Med., Bd. xxvii, 1895, p. 492.
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or acquired deficiency exists in the blood-making organs in those

cases with fatal anaemia. The number of parasites present in the

intestine is no index of the severity of the anaemia produced. An
enormous number of parasites have been found in persons in

good health.

The diagnosis of the nature of both of these types of anaemia

can easily be made by examining the faeces for the eggs of the re-

spective worms, a procedure which should never be omitted in any

case of severe anaemia.

PERNICIOUS AN^MIA^

The determining factors in the production of this disease are

not known. A number of conditions have been frequently ob-

served to precede the appearance of the characteristic changes in

the blood, among which may be mentioned sj^philis, malaria,

chronic infectious diseases, severe haemorrhages, either extending

over some time or with a single large loss of blood, and, finally,

intestinal parasites. Among the parasites, the Bothriocephalus

latus and more rarely the Anchylostoma duodenale may stand

in actual causal relation to the blood changes, for when the}'' are

removed by proper medication the blood condition may return to

the normal. The same relation does not exist between the other

diseases mentioned above and the anaemia, and the assumption

that they act as determining agents is more than doubtful.

The changes in the blood are often exceedingly characteristic.

The blood may be of normal color or exceedingly pale, at times

it is very dark. The great relative increase in the serum as com-

pared to the corpuscles makes the whole blood very thin and

fluid. The preparation of suitable smears for the study of morpho-

logical changes is often a matter of considerable difficulty, but if

the slide be warmed over a flame and ths blood spread while the

slide is still warm, crenation and other changes due to slow drying

may be avoided. The specific gravity of the blood is greatly

reduced in an advanced case and coagulation is retarded. The
specific gravity of the serum is often but slightly changed.

The red cells are usually greatly reduced in number, at times

* An excellent paper on this subject by T. C. Janeway will be found -in

Wood's Reference Handbook, Revised Edition. An exhaustive monograph
containing a very complete bibliography will be found in Ehrlich : Die Anamie.

Wien, 1898.



DESCRIPTION OF PLATE VI

Stained by the Jenner Method

Figure A.—Early Case of Pernicious Anemia

The characteristic change in the red cells is an increase in the size and in

the amount of haemoglobin contained in the individual corpuscle. This is well

marked even in persons who are not clinically very ill. The patient from whom
this blood was taken was a laborer who had not found it necessary to stop

work, but merely felt unusually weak. Death did not occur until four years

after this specimen of blood was obtained. Anisocytosis and poikilocytosis

are always marked features of the blood in pernicious anaemia. Polychro-

matophilia is fairly abundant even in the early cases and occasionally baso-

philic granules may be seen in the red corpuscles. The leucocytes are not

altered from the normal, or show a slight lymphocytosis.

Figure B.—Advanced Case of Pernicious Anemia

This blood is from a case of advanced pernicious anaemia and was taken

only a few weeks before death. The picture is necessarily a combination one
and does not bhow a single field of the microscope. A number of the photo-

graphs of mitotic figures in the text were obtained from the blood of this case.

The relative size and proportions of the red cells are not in the least ex-

aggerated. All the corpuscles drawn were measured carefully by a microm-
eter, and the drawing was made to a scale of 1 ,000 diameters. Poikilocytes

and microcytes are abundant, some of the microcytes staining ver>' deeply,

others showing central depressions. The poikilocytes show similar variations

in staining reactions and also polychromatophilia and punctate degenera-

tion. In the lower left-hand corner is a large oval cell with a wrinkled surface.

A photograph of a similar cell is shown in Fig. 30. In the polychromatophilic

megaloblast shown in the upper left-hand corner, the nucleus has a well-marked

chromatin network and corresponds to Engel's metrocyte of the first genera-

tion. A megaloblast corresponding to a metrocyte of the second generation

is shown in the upper right-hand corner of the figure. Several normoblasts

with pycnotic nuclei may also be seen in the lower portion of the figure.

Megalocytes of extreme size such as may be seen in the lower right comer of

the plate are very rare and only seen as a terminal phenomenon.
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to an extraordinary degree, the minimum on record being 143,000

per c.mm. Numbers between five hundred thousand and eight

hundred thousand are not uncommon, but the general average

for a well-marked case is about one milHon. Cases having well-

marked clinical symptoms and advanced morphological changes

in the blood ma}^ show three milhon red cells, and others in

which the count is much lower, even as low as five hundred thou-

sand, may not give evidence of much distress and be up and about.

The examination of the fresh blood shows an almost complete

absence of rouleau formation and the presence of many poikilo-

FiG. 38.

—

Peknicious Anemia. Poikilocytosis and Anisocytosis.
Vacuolar Degeneration of Large Cell in Center.

Magnified 700 diameters.

cytes. The blood plates are also scarce and the fibrin scanty in

amount. The examination of stained smears is required, however,

to show properly the characteristic changes in the red cells. The
first point to be noted is that the disks of many of the red cells

have a very slight central depression, or often no depression at all,

white the cell stains a very deep red with eosin or the acid fuchsin

of the Ehrlich triacid stain, though occasionally, especially in the

poikilocytic forms, the central depression is very marked. If it
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be remembered that the haemoglobin of the red cell is the compo-

nent which combines with these dyes, it will be evident that the

hsemoglobin of the deeply staining cells is greatly increased, in

direct contrast to the faint ring-like cells seen in chlorosis. This

increase is also noted in the determination of the total haemo-

globin as made by the haemoglobinometer and compared with the

number of cells obtained by enumeration. The red cells will be

found, as a rule, to be diminished to a greater extent than the

haemoglobin, or, in other words, the haemoglobin index is high.

The size of the cells is next to be noted, and if careful deter-

minations be made of the diameters of a series of cells selected

indiscriminately, it will be found that the average diameter of

Fig. 39.

—

Mitosis in a Megaloblast. Pernicious Anemia. Monaster
Stage. Magnified 1,000 diameters.

the cells is increased in distinction to the condition found in

chlorosis and the secondary anaemias, where the average diameter

is decreased. (See Plates II and VI, also Figs. 30, 33, and 38.)

Macrocytes or megalocytes are abundant even in early cases,

and vary a good deal in their morphology. They may be simply

cells of normal form measuring over 11 micra in diameter, or they

may be very faint in their staining qualities, or they may even
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stain deeply and contain an excess of haemoglobin. In advanced

cases very large megalocytes may be seen which show a distinct

wrinkling of the cell in the smear, or large, irregular vacuoles in

the substance of the protoplasm (Fig. 38). Often a faint net-

work can be seen in the center of the megalocytes, showing where

the nucleus has been, though so far absorbed and altered by the

process of karyolysis^ that the nuclear substance does not react

to the nuclear stain (Plate II, Figs. 28 and 30). Microcytes vary

a good deal ; they are usually present in moderate numbers. Poi-

kilocytes are very abundant in all cases and involve all types of

cells, even the nucleated forms. There is a general tendency for

the cells to assume a sHghtly oval shape, even if they are not irreg-

ular enough to be classed as poikilocytes. The nucleated cells

are of three types, of which the megaloblasts are the most abun-

dant, the normoblasts less so, and the microblasts rather infre-

quent. For convenience of classification it is well to assume as

megaloblasts all nucleated red cells over 11 micra in diameter.

If a careful enumeration of the nucleated cells be carried out,

it will be found that in pernicious anaemia the megaloblasts, as a

rule, are more abundant than the normoblasts, the exact reverse

of the condition in severe secondary anaemias, where megaloblasts

are very rare and normoblasts the common type of the nucleated

cell. The normoblasts show no especial morphological differences

from those of the bone marrow and of the secondary anaemias.

The nuclei are often pycnotic, round or lobular, or arranged in a

clover-leaf form, or divided into two or more nuclei (Plate II,

Figs. 16 to 23, Plate VI, Fig. B).

PolychromatophiHa and granular degeneration are very com-

mon, and some of the normoblasts in which the polychromatophiha

is well advanced can only be distinguished with great difficulty

from the small lymphocytes (Plates II and III, Figs. 63 and 81).

The megaloblasts^ usually possess the characteristic net-like

arrangement of the nuclear chromatin, through the interstices of

which may be seen the stained haemoglobin of the cell body

(Plate II, Figs. 23 to 32). The nucleus is large in most examples,

^ A term applied to the process by which a nucleus is dissolved without

being broken in fragments.

2 A general discussion of the recent views concerning the pathological im-

portance of these cells may be found in Block : Ziegler's Beitrage, Bd. xxxiv,

1903, p. 331.

12
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occupying the greater portion of the cell which stj .rounds it as

a narrow border and which frequently shows the most marked

degree of polychromatophilia. Occasionally, however, the nucleus

may be small and pycnotic though the cell is large (Plate II, Figs.

27, 29, 31). The outline of the cell body may be sharp, but usually

it is poorly defined and fringe-Hke (Fig. 26). In rare cases mitotic

figures may be seen in the megaloblasts, and occasionally in the

normoblasts 1 (Plate II, Figs. 33 to 37). There is often a well-

marked retraction zone about the edge of the nucleus in stained

specimens where the nucleus has become separated from the cell

body by shrinkage of the preparation.

^ ^
I

Fig. 40.

—

Mitosis in Megaloblast in Pernicious Anemia. Monaster
Phase. Magnified 1,000 diameters.

The microblasts require no especial description (Plate II,

Fig. 21). The cell body is often very narrow and strongly poly-

chromatophilic, and at times may entirely disappear, leaving the

nucleus free in the serum.

The white cells in pernicious anaemia are diminished often

to a considerable extent, the lowest recorded figure being that

reported by Lazarus^ as three hundred and thirty to the cubic

1 Askanazy: Zeit. f. klin. Med., 1893, Bd. xxiii, p. 80.

' Ehrlich u. Lazarus : Die Anamie. Wien, 1898.
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millimeter, though there is some doubt as to the exact figures,

the proportion between the red and white cells being given without

an actual record of count. The average of the writer's cases is

about four thousand.

The relative proportions between the leucocytes are altered,

the lymphocytes being considerably increased and the polynuclear

J3^^
Fig. 41.

—

Mitosis in Megaloblast in Pernicious Anemia, Diaster Stage.

Note the Granular Appearance of the Cytoplasm. Magnified 1,000

diameters.

neutrophiles diminished. That this does not always hold to a

marked degree is shown by a case of the writer's in which the

blood was as follows: Red cells, 1,080,000; white cells, 7,000;

ha)moglobin, 20 per cent.
;
polynuclear neutrophiles, 65 per cent.

;

large lymphocytes, 11 per cent. ; small lymphocytes, 22 per cent.

;

eosinophiles, 1.3 per cent.; basophiles, 0.6 per cent. About an

equal number of normoblasts and megaloblasts were present.

Rarely a considerable increase in the number of leucocytes

is seen which is usually temporary and often associated with a

''crisis" of normoblasts or megaloblasts or may accompany an

intercurrent infection (Fig, 33). Occasionally it is an agonal proc-

ess. Myelocytes are often seen in small numbers. Conclusions
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should not be drawn from a stained smear as to the number of

leucocytes, since they may appear as increased, owing to the great

relative decrease in the number of the reds.

The haemoglobin is not reduced in proportion to the reduction

in number of the red cells ; that is, if the red cells are reduced to

20 per cent, of the normal, the haemoglobin will probably be

about 20 per cent, or a little above it ; exceptions, however, occur.

The reason for this condition, which is quite characteristic of per-

nicious anaemia as compared to the secondary anaemias, is that

the numerous megalocytes present contain relatively more haemo-

globin than the corresponding number of normal sized cells, and

thus raise the haemoglobin per cent.

The iron content of the whole blood is greater than the amount
of haemoglobin would lead one to expect, showing that both the

m
41*

/

Fig. 42.

—

Mitosis in Red Cell. Nuclear Division is Completed.
Segmentation of the Cell Body not yet Begun. Magnified

1,000 diameters.

serum and the red cells contain iron in some form independent of

the iron contained in the haemoglobin of the red cells. This is

probably due to the very great destruction of the red cells which
takes place in pernicious anaemia, as evidenced by the marked
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increase of iron in the urine and the constant presence of large

quantities of urobilin in that fluid.

The diagnosis of a severe pernicious anaemia may often be

made from the examination of a stained smear even though the

clinical picture is not characteristic ; the diagnosis of a mild case

is often a matter of some difficulty and requires a careful count

Fig. 43.

—

Pernicious An-smia in Stage of Remission. Same Case as Fig.

33. A Lymphocyte is in center of Field. Magnified 800 diameters.

of both red and white cells and a haemoglobin determination. The
chief points in the morphology of the blood upon which a diag-

nosis may be based, are the general prevalence of deeply staining

megalocytes and of megaloblasts, even though the number of the

latter be few. A case is occasionally met with in which no mega-

loblasts can be found even after a prolonged search, though the
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marrow shows large numbers of these cells. The low lymphocyte

count and relative lymphocytosis so often present in this form of

anaemia are also valuable in distinguishing mild cases from severe

secondary anaemias.

If megaloblasts can not be found after a careful search, the

examination should be repeated in a few days, as marked re-

missions often occur in this disease, during which the blood may
lose many of its abnormalities, and especially its content of

large and nucleated red cells. This same phenomenon is often

seen a few days before the death of the patient, the megaloblasts

disappearing from the circulation, though present in the bone

marrow.

Care should also be taken by repeated and careful study of the

blood to avoid mistaking the blood of a case of either lymphatic

or myelogenous leukaemia in the stage of remission for that of

pernicious anaemia. The leucocytes in leukaemia may occasionally

be reduced to within the normal limits by treatment, and unless

a careful differential count is made an error is quite possible.

The differential count will show a very considerable per cent, of

myelocytes among the leucocytes, while in pBrnicious anaemia the

myelocytes are in very small numbers.

The differential points between pernicious anaemia and a

severe secondary anaemia, which may be clinically quite indis-

tinguishable, are the leucocytosis often present in the secondary

and the low haemoglobin index of the red cells so constantly

found in secondary anaemia and so rarely found in pernicious.

In the secondary anaemias also the average red cell is small,

rather than large, as is the case in pernicious anaemia. There is

no method of distinguishing between the severe types of anaemia

incited by the parasitic worm Bothriocephalus latus and the most

typical pernicious anaemia, except by the examination of the

patient's stools, as the eosinophiles are not increased in the severe

worm anaemias, which resemble pernicious anaemia in the morphol-

ogy of the blood, and a leucocytosis is also not constantly present.

ANiEMIA IN CHILDREN

The diagnosis of the form of an anaemia in young children is

often rendered difficult, if not impossible, by a number of circum-

stances. First among these is the great normal variabihty of

the child's blood. The red cells often fluctuate between 4,000,000
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and 6,000,000 and the haemoglobin varies from day to day even

as much as 15 per cent. The leucocytes are easily increased in

numbers by very slight stimuli.

A megalocytic type of blood is frequently seen, which only

means a severe anaemia and does not indicate a pernicious anaemia,

as would such a phenomenon in an adult. The appearance of

nucleated cells has also far less significance than in the blood

of adults ; even megaloblasts may be seen without a necessarily

grave prognosis to the case. The writer, for example, has seen

numerous normoblasts appear in the blood of a three-year-old

child during the course of a pneumonia, while a similar phenom-

enon has been noted in severe sepsis.

i

Myelocytes with eosinophile or neutrophile granulations are

occasionally present and do not indicate a leuka3mia, only a severe

anaemia or a grave infection. Enlargement of the spleen is com-

mon in anaemias due to a variety of conditions, such as syphilis,

rickets, tuberculosis, etc.

Pernicious anaemia is a rare disease in children, and the blood

changes are much more marked than in similar conditions in adults.

The number of nucleated red cells of all types may be enormous

and mitotic figures in the nuclei maybe very abundant. ^ Poikil-

ocytosis is common in conditions in which no such change would

be seen in an adult. Many cases described as pernicious are no

doubt instances of severe secondary anaemia of unknown cause.

^

Leukaemia in infancy is rare, not more than ten well-observed

cases existing in the literature. The disease can be easily diagnosed

by the high leucocytosis and the differential count. The usual

type is lymphatic, often acute and of a haemorrhagic form, but a

few myelogenous cases are on record.

INFANTILE PSEUDOLEUKEMIA

Under this title von Jaksch * described a rare form of disease

seen in infants,^ characterized by a very marked anaemia, enlarge-

^Raybaud et Vemet : C. R. Soc. d. Biol, 1903, p. 672.

2 Theodor: Arch. f. Kinderheilkunde, 1900, p. 321.

3 See for a case of this type, Rotch and Ladd, Arch, of Pediatrics, 1901 , p. 641.

* Wien klin. Woch., 1889, p. 435 and 456, and Frag. med. Woch., 1890, p. 389.

5 One of the best reviews of this subject with the literature is by Wentworth,

in the Boston Med. and Surg. Journal, vol. cxlv, 1901, pp. 372, 402, 435, 461,

488. Morse: Boston Med. and Surg. Jour., vol. cxlviii, 1903, p. 573.
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merit of the spleen and occasionally of the Hver and lymph nodes,

with an increase in the leucocytes of from 20,000 to 50,000, or

more rarely to 100,000, to the cubic millimeter. The morphologi-

cal changes in the blood resemble those seen both in pernicious

anaemia and in leukaemia. Large numbers of nucleated red cells

are present, both of normoblastic and megaloblastic types, and

mitotic figures are often abundant. The leucocytes are chiefly

mononuclear inform and myelocytes are present in moderate num-

bers. The disease may terminate fatally, or pass into an am^mia of

the pernicious type, or into leukaemia, or the child may recover.

In fatal cases myeloid changes have been noted in the liver, while

a chronic hyperplasia of the spleen has been met with though not

constantly. One of von Jaksch's cases showed leuksemic changes

in the viscera. The lesions of syphilis and rachitis are frequently

found, while many of the infants in the observed cases have

suffered from gastro-intestinal disturbances.

The current opinion at present seems to be that this disease is

a secondary anaemia corresponding to the anaemia splenica infettiva

of the Italians, and that the alterations in the morphology of the

blood do not indicate so advanced a lesion as do the correspond-

ing changes in adults. A differential diagnosis from pernicious

anaemia is difficult, as in children megaloblasts and a leucocytosis

are seen in both conditions. In leukaemia of a myelogenous

form in children the liver is enlarged, while in the lymphatic type

the hyperplasia of the lymph nodes is marked in distinction to

pseudoleukaemia, where the nodes are usually not enlarged.

PSEUDOLEUKEMIA (hODGKIN's DISEASE)

This disease is usually described with the leukaemias because

of the close resemblance of its clinical picture to that of lymphatic

leukaemia. Its diagnosis depends much more upon the clinical

features of the disease, and the presence of discrete, freely movable,

enlarged lymph nodes than upon the blood examination. The
usual type shows a general hyperplasia of the lymph nodes of the

body accompanied by a moderate anaemia of the chlorotic type,

that is, with a relatively high number of red cells and a low haemo-

globin per cent. Poikilocytosis and degenerative changes in the

red cells are not marked. The leucocytes are generally assumed

to show no quantitative or qualitative changes, but recently it
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has been claimed ^ that all cases of pseudoleukaemia have a dis-

tinct relative lymphocytosis which enables this disease to be

easily distinguished from other conditions resembling Hodg-

kin's disease, especially from those cases in which tubercle bacilli

have been found in the lymph nodes of patients otherwise running

a course perfectly typical of true Hodgkin's disease. My own
observations on seven cases and those of DaCosta,^ Longcope,"^

and others have not confirmed this statement, It is certain that

a few cases do show a relative lymphocytosis, but these are in the

minority. The nodes in pseudoleukaemia usually remain discrete

and show a marked hyperplasia either of the lymphoid or of the

large endothelial cells, in distinction to the nodes in cases of

lymphosarcoma, which soon grow through their capsules and in-

volve the surrounding tissues as a true malignant growth. In

lymphosarcoma there is usually a considerable increase in the

lymphocytes in the circulation, though a great reduction may be

observed even to as low as .5 per cent., where all the lymphatic

apparatus is involved by the tumor, thus excluding from use the

tissues which form the lymphocytes. Shortly ante mortem, in

Hodgkin^s disease, there may be a great increase in the number
of leucocytes without any morphological evidences of a transi-

tion to a true lymphatic leukaemia, though in a very few instances

such a phenomenon has been observed.

SPLENIC ANEMIA

Under this designation are collected an obscure group of

anaemias which are characterized by a relatively high red cell

count, a marked reduction in the haemoglobin percentage, and no

constant increase in the leucocytes, which may, however, show
a relative lymphocytosis and occasionally an increase in baso-

philes. Poikilocytes and nucleated red cells, both of normo-
blastic and megaloblastic types, are very uncommon, though one

case of Osier's showed six hundred blasts to the cubic mm. The

^ Pinkus: Pseudoleukamie. Wien, 1901, p. 84. (Nothnagel's Spec. Path,

und Therap. Bd. viii.)

2 Clinical Haematology, 1902, p. 268.

3 Bull. Ayer Clin. Laboratory. No. 1, 1903. An excellent paper on the

subject of Hodgkin's disease. See also Simmons, Journal of Med. Research,

1903, N. S., vol. iv, p. 378,



162 THE BLOOD

striking clinical symptoms are the enlargement of the spleen

which precedes the anaemia, and the severe gastric haemorrhages

which seem to be frequent in this condition. The spleen is

usually of large size, reaching to the umbilicus or below, while

the lymph nodes are not increased in size. A differential diagnosis

from hepatic cirrhosis is often extremely difficult, since the liver

may be enlarged though not cirrhotic, and depends more upon,

the general appearance of the case than upon any definite symp-

tom or change in the blood morphology. Osier lays stress on

the facies in alcoholic cirrhosis, the more moderate enlargement of

the spleen, and the course of the disease.^ In two fatal cases seen

by the writer, one of which had been considered as splenic anae-

mia, the liver showed an interstitial hepatitis which could not be

distinguished from alcoholic cirrhosis, and also a chronic splenic

hyperplasia with the formation of a good deal of new connective

tissue.2 Such cases correspond to the type of anaemia described

by Banti '^ which begins with an enlargement of the spleen, fol-

lowed by anaemia, then later by ascites and the symptoms of an

atrophic cirrhosis. The fatal cases have shown a chronic splenitis,

marked interstitial hepatitis, and occasionally red bone marrow.

The anaemia is of the chlorotic type with no characteristic changes

in the leucocytes.^

LEUKAEMIA

The inciting factors in this disease are still quite unknown,

and although the general appearance of the acute lymphatic

leukaemias is that of an infection, yet the bacteria which have

been occasionally isolated from the blood seem to have no causal

connection with the condition. L5wit.^ has found bodies in the

cells which he considers to be protozoa, but this observation has

not been verified by others. The blood changes are at present

^ Amer. Joum. of Med. Sciences, vol. cix, 1900, p. 54; ibid., vol. cxxiv, 1902,

p. 751.

^ Sippy : ibid., vol. cxviii, pp. 428 and 570, gives an excellent review of the

literature of pseudoleuksemia.

3 Beit. V. Ziegler, Bd. xxiv, 1898, p. 21.

4 Borissowa: Virch. Arch. Bd. clxxii, 1903, p. 108.

^ Die Leukamie als Protozoeninfection, 1900.

For a recent review of the theories of the pathology and classification of

the different types of leukaemia, see G. Banti: Cent. f. Path., 1904, p. 1. See

also Pappenheim, Zeit. f. klin. Med., Bd. lii, 1904, p. 257.
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assumed to be a continuous and extreme leucocytosis which affects,

in one type of the disease, the lymphocytes, and in the other type

the granular cells, causing, by some chemotactic action as yet

not understood, the entrance of these cells from the blood-forming

organs into the blood. In general two types of the disease are dis-

tinguished, based upon the appearance of the blood of these two

types of cells—in other words, lymphatic and myelogenous leukae-

mia. The lymphatic may be acute or chronic; the myelogenous

is practically always chronic, though the course of the disease may
be short, and a few observers have recorded cases which they con-

sider as of the acute myelogenous variety.

The blood as a whole in leukaemia shows certain changes com-

mon to all types. When seen in the fresh condition, tlie large

number of leucocytes often gives to the drop a very pale color,

even a milky appearance. When it coagulates in the larger ves-

sels or in the air, it separates, in cases rich in leucocytes, into two

layers, one containing the white cells mainly, the other the red.

The coagulation in some cases, though not constantly, is consid-

erably delayed and so imperfect that a true clot is not formed.

The specific gravity of the blood may be considerably reduced

owing to the anaemia which is a constant factor in the disease.

It may fall as low as 1.030 or even 1.023. The alterations in the

cells are best described under the different types of the disease.

The haemoglobin is always low. In the myelogenous and chronic

lymphatic forms the haemoglobin index is also reduced, while in

the acute forms a high index is occasionally met with.

ACUTE LYMPHATIC LEUKEMIA

Clinically this disease resembles most closely an acute in-

fection, often simulating typhoid fever, a haemorrhagic sepsis, or

scurvy. There is a rapidly increasing anaemia, a moderate ele-

vation of temperature, haemorrhages into the skin, mucous mem-
branes, or the viscera, with enlargement of the lymph nodes and

the lymphoid tissue in the intestines, and a moderate increase in

the size of the liver and spleen. A few cases are on record in

which there was no increase in size either of the lymph nodes or

of the other organs. ^ Leukaemic nodules in the skin are not in-

' Kelly : Univ. of Penn. Medical Bull., 1903, p. 27.
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frequent, which show microscopically only an infiltration of the

subepithelial tissues with lymphocytes. Some of the cases have

given a septic temperature; others show a curve characteristic

of typhoid; and a diagnosis of malignant endocarditis has been

made.^ The blood changes are very characteristic. The red cells

rapidly diminish in number, often to below two million; nor-

moblasts are seen; other forms are rare. In one case which the

writer has examined the changes in the red cells resembled

slightly those seen in pernicious anaemia, and megaloblasts were

not infrequent.

The leucocytosis is moderate, often below 100,000, though high

counts are recorded. The cells present are chiefly lymphocytes,

either large or small; myelocytes in small numbers may or may
not be present; eosinophiles are relatively diminished; polynu-

clears and large mononuclears are present in variable numbers.

The haemoglobin is reduced about in proportion to the reduction

of the red cells. The striking point in the morphology of the blood

is the presence of the large forms of lymphocytes, which are about

the size of the large mononuclears seen in normal blood, measuring

up to 15 micra in diameter. The cell body in these lympho-

cytes is narrow, of basophilic reaction, and shows the lobular

projections characteristic of the larger lymphocytes in normal

blood; the nucleus may be oval, or it may be notched or even

divided into two lobes. In the large forms a marked degenera-

tion is often seen, both the nucleus and the cell body staining

very feebly, the cell body at times not at all—a peculiarity which

may explain the statement of some French observers ^ that there

is a form of leukaemia in which the cells are of the large mononu-
clear type, as these degenerated lymphocytes resemble somewhat

the large mononuclear forms.

An acute intercurrent infection will usually reduce greatly the

number of white cells in the blood and there may be a relative

increase in the polynuclear neutrophiles. If the process is of long

standing the characteristic lesions in the bone marrow may disap-

pear and show no evidence of leukaemia post mortem. ^ The leu-

kaemic skin nodules may also disappear under these conditions.

1 Block : Deut. med. Woch., 1903, p. 512.

^ Lion: Semaine M^dicale, 1900, p. 91.

^ Kormoczi : Deut. med. Woch., 1899, p. 773.
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DESCRIPTION OF PLATE VII

Stained by the Jenner Method

Figure A.—Acute Lymphatic Leukemia

The red cells in acute lymphatic leuksemia often show very marked changes

such as are usually considered characteristic of pernicious anaemia. There

is abundant poikilocytosis and anisocytosis together with numerous nucleated

red cells of a megaloblastic type. The characteristic phenomenon is, however,

the presence of numerous lymphocytes chiefly of the large variety. These

cells may measure 10 to 15 micra or even more in diameter. The nucleus

usually takes a faint stain and the cell body a deeper one. Nucleoli are fre-

quently demonstrable by the Jenner stain. The nucleus may be incurved or

two-lobed or broken up into numerous fragments, but this change is not fre-

quently seen. A few polynuclear neutrophiles and occasionally an eosino-

phile may be seen, and in some cases a considerable proportion of myelocytes,

chiefly of the neutrophile variety. Degenerated leucocytes are abundant. An
example is figured in the lower left-hand comer of the plate.

Figure B.—Chronic Lymphatic Leukemia

In this condition the red cells show a moderate anaemia and a few nor-

moblasts may be present, but the changes are not so marked as in the acute

disease. The lymphocytes are chiefly of the small variety and may be normal

or show fragmentation of the nucleus and irregular staining of the cell body.

Degenerated forms are frequently met with.
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CHRONIC LYMPHATIC LEUKEMIA

Chronic lymphatic leukaemia is a disease running a course

extending over a number of months or years, and more often

accompanied by considerable enlargement of the spleen and the

lymph nodes than is the acute form. The morphology of the

blood also differs somewhat from that of the acute cases. The red

Fig. 44,

—

Normoblastic Crisis in Lymphatic Leukemia. The Cells with
Small, Dark Nuclei are Normoblasts. Magnified 700 diameters.

cells are, as a rule, not as greatly diminished as in the acute form
;

the number of nucleated red cells is not usually so great, and

they are chiefly normoblasts. Crises of normoblasts have been

noted, as is well shown in the photograph from one of the writer's

cases. The normoblasts reached the unusual number of over forty

thousand to the cubic millimeter. The haemoglobin is diminished

more than the red cells. The white cells average about one
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hundred thousand to the cubic millimeter, though counts of 400,-

000 or 500,000 are not uncommon according to the writer's ex-

perience. The white cells are chiefly lymphocytes of the small

type found in the normal blood, and make up from 90 to 98 per

cent, of all the leucocytes. They stain, as a rule, fairly well,

though occasionally pale, degenerate, or atypical forms, with

irregular, indented, or divided nuclei, are seen. Eosinophile and

neutrophile cells and myelocytes are seen, but form but a small

part of the total.

The leucocytes are subject to great variations, which may
appear in counts made from day to day. With intercurrent in-

fections, such as pneumonia, the number of the white cells may
be reduced to the normal, only to rise again after the disappear-

ance of the fever. Miiller, however, records a marked increase

in a patient with lymphatic leukaemia.

Concerning the site of the formation of the lymphocytes there

is much discussion, two possibilities being debated. One is that

these are formed in the lymph nodes and lymph tissue scattered

about the body; the other is that they are formed in the bone
marrow, as are all the other leucocytes of the blood. The reason

for doubting the generally received theory of the lymph node
origin of the lymphocytes is that cases of undoubted lymphatic

leukaemia have been described in which there was no enlargement

of the lymph nodes, and also that in Hodgkin's disease, in which
there is a great hyperplasia of the nodes, there is no increase in the

number of lymphocytes in the circulation. On the other hand, it

has recently been shown that in both acute and chronic lymphatic

leukaemia there is a very constant alteration of the fatty marrow
of the long bones into a tissue resembling lymph tissue.

ACUTE MYELOGENOUS LEUKEMIA

The existence of an acute form of myelogenous leukaemia has
been considered as unproven until recently when a sufficient num-
ber of observations have been collected to enable us to note the

more important features of the disease. Owing to the small num-
ber of cases reported and the variability of the blood findings, the

following table, modified from one by Billings and Capps, has been
inserted. It is interesting to note that in a considerable propor-

tion of the cases the disease was accompanied by ulceration of the
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No. Observer Sex
Age Duration Mouth Infec-

tion Lymph Nodes

1 Van der Wey,
1896.

F.

23
3 months. None. Cervical, submax-

illary, and ingui-

nal, vary in size

from a pea to a
bean.

2 Thompson
and Ewinff,

1898.

F.

21
8 weeks. Sore throat. Normal.

3
Grawitz,

1900.

F.

42
2 weeks. Stomatitis;

necrosis of

jaw.

Moderate enlarge-
ment of cervical

group.

4 Ewing,
1901.

M.
34

2 months. Gingival

;

haemorrhage
from mouth.

Slightly enlarged.

5 Ewin£?,

1901. —
Acute

course.
Not stated. Slightly enlarged.

6 Hirschfeld

and Alexander,
1902.

M.
21

2 months. Necrosis of

hard palate
and lip.

Cervical, size of

pea to pigeon's

egg.

7

8

Michaelis,

1902.
F.

50
15 weeks. None. Normal.

Billings and M.
68

2 months. Caries of jaw. Slight enlargement
of the cervical.

9 Tiirk,

1903.

—

(1) Van der Wey: Deutsch. Arch. f. klin. Med. 1896, p. 287.

(2) Thompson and Ewing : New York Medical Record, 1898, vol. liii, p. 333.

(3) Grawitz : Pathologic des Blutes, 1902, p. 318.

(4) Ewing : Clinical Pathology of the Blood, 1903.

(5) Ewing: ibid.
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Spleen White Count Differential Count of Leucocytes

Palpable. 175,000
to

300,000

Few small mononuclears; polynuclears, 33 per
cent.; eosinophiles, 1.9 per cent.; myelocytes, 60
per cent.; containing faint and distinct granules.

Polynuclears, 3.7 per cent.; eosinophiles, 0.3 per
cent.; mononuclears and myelocytes, 96 per
cent. The large mononuclears predominate,
although myelocytes are plentiful.

Scarcely
palpable.

50,000
to

100,000

At first, myelocytes, 5 per cent.; five days later,

lymphocytes, 33 per cent.; polynuclears, 55 per
cent. ; myelocytes, 1 2 per cent.

After death : Lymphocytes, 17 per cent.; polynu-
clears, 48 per cent. ; eosinophiles, 0.3 per cent.

;

myelocytes, 17 per cent.; many with indistinct

granules.

Three fin-

ders be-
ow cos-

tal bor-

der.

190,000 Small mononuclears, 5 per cent.; large mononu-
clears, 15 per cent.; polynuclears, 10 per cent.;

myelocytes, 60 per cent.

Moderately
enlarged.

Marked in-

crease.

Neutrophile myelocytes in great numbers. In
other respects the blood was typical of myelo-
genic leukaemia.

Moderately
enlarged.

31,000 Small mononuclears, 61 per cent.; polynuclears, 6
per cent.; neutrophile myelocytes, .31 per cent.;

eosinophile myelocytes, 2 per cent. Few mast-
cells.

One finger

below
costal

border.

42,000 Small mononuclears, 7.4 per cent. ; large mononu-
clears, 19.2 per cent.

;
polynuclears, 63 per cent.

;

eosinophiles, 0; myelocytes, 8.6 per cent.

Very large. 16,000 Small mononuclears, 20 per cent.; large mononu-
clears, 56 per cent.; polynuclears, 16 per cent.;

eosinophiles, 0.4 per cent.; mast-cells, 0.4 per

cent.; neutrophile myelocytes, 7.2 per cent.

One finger

below
costal

border.

540,000
to

374,000

Small mononuclears, 4 per cent.; large mononu-
clears, 39.2 per cent

;
polynuclears, 24 per

cent.; eosinophiles, 1.6 per cent.; myelocytes,

30 per cent.; mast-cells, 0.8 per cent.

Small mononuclears, 1.6 per cent.; large mononu-
clears, 22 per cent.; polynuclears, 21.2 per cent.;

eosinophiles, 0.4 per cent.; myelocytes, 54.4 per

cent.; mast-cells, 0.4 per cent.

42,200
to

36,500

Myelocytes, 47 per cent.; polynuclear neutro-

philes, 32 per cent.; lymphocytes, 14 per cent.

(6) Hirachfeld and Alexander : Berl. klin. Woch., 1902, No. 11, p. 231.

(7) Michaelis : Zeit. f. klin. Med. 1902, vol. xlv, p. 87.

(8) Am. Jour. Med. Sci. 1903, vol. cxxvi, p. 375.

(9) Turk : Cent. £. innere Medicin, 1903, No. 13, p. 336.
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oral mucosa, a finding which suggests the tonsillar ulceration occa-

sionally seen in acute lymphatic leukaemia. The diagnosis of

an acute myelogenous leukaemia must rest almost entirely on a

marked increase in the white cells of the blood, showing a large

proportion of myelocytes and accompanied by a marked anaemia.

A differential diagnosis between a leucocytosis and acute leukaemia

is difficult, unless the white cells are above fifty or one hundred

thousand, and some of the cases above might be explained as a

high leucocytosis in the course of an infection, as but few of the

reports record bacteriological examinations.

CHRONIC MYELOGENOUS LEUKEMIA

The disease, as a rule, is very chronic in its course, one case in

the writer's experience giving marked symptoms seven years

before death, while there are many recorded in which the disease

lasted from one to three years.

The spleen is usually enormously enlarged, the lymph nodes

and the fiver may also be increased in size, and leukaemic infiltra-

tions may exist in the organs and the skin. The same infiltrations

with haemorrhages may occur in the retina. The blood shows pro-

found changes both in the red and the white cells.

The red cells may be nearly up to the normal number or they

may be reduced below a million. They show, as a rule, the changes

seen in secondary anaemia ; that is, a reduction of the haemoglobin

to a greater degree than the reduction of the red cells, and a mod-
erate number of nucleated reds of the normoblastic type with

some poikilocytosis. On the other hand, cases are not rare in

which the changes are those which one expects to see in the most

severe pernicious anaemia—a high haemoglobin index, numerous

megalocytes and megaloblasts, the latter rarely containing mitotic

figures. The red cells show marked polychromatophilia and gran-

ular degeneration, both in the nucleated and non-nucleated vari-

eties. The cells are often vacuolated and give other evidences of

degeneration in the abundant poikilocytosis usually present. The
question of the determination of the haemoglobin and the haemo-

globin index in cases with a high leucocyte count, can not always

be answered satisfactorily, as the opacity of the mixture renders

difficult an accurate reading of the haemoglobinometer. If the

Fleischl-Miescher apparatus be used, the haemoglobin can be accu-
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DESCRIPTION OF PLATE VIII

Stained by the Jenner Method

Figure A.—Early Case of Myelogenous Leukaemia

The red cells in an early case of myelogenous leukaemia show very few

changes, but may show slightly irregular staining. A few poikilocytes and an

occasional cell with polychromatophilia and granular degeneration are seen,

but nucleated red corpuscles are not very abundant in the early stage. The
presence of a considerable number of neutrophile myelocytes combined with

a marked leucocytosis is the only alteration in the blood which is of diagnostic

importance.

Figure B.—Advanced Case of Myelogenous Leukemia

The red cells show moderate anaemia with some poikilocytosis, but, as a rule,

changes in the erythrocytes are not nearly so severe as in a case of anaemia

of similar clinical gravity. Nucleated red cells of a normoblastic type, how-

ever, are exceedingly frequent, and mitotic figures may usually be demon-

strated in an advanced case. The cell body of the red corpuscles during

mitosis often takes a deep blue stain and contains numerous basophile gran-

ules. The white cells show every imaginable variation from the normal. The
polynuclear neutrophiles are often small and the granules imperfectly formed.

The myelocytes may contain only a few granules or none at all, or the granules

may stain irregularly. Occasionally nucleoli may be seen in the nucleus of

the neutrophile myelocyte. The basophile cells are very abundant and usually

polynuclear ; occasionally, however, they are mononuclear. Lymphocytes of

all varieties are seen in moderate numbers, and sometimes it is exceedingly

difficult to separate them from the myelocytes without granules, the cell body
of the latter staining in the same manner as the cell body of the lymphocyte.

The cells of an indeterminate type are frequently seen and have been consid-

ered as nucleated red cells with marked polychromatophilia, or as primary bone
marrow cells (myeloblasts), or as the irritation forms of Tiirk. Such a cell is

figured in the lower right-hand comer of the plate.
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rately determined by centrifuging the blood after dilution and
removing the clear supernatant fluid to the cells with a pipette.

The Dare instrument also gives fairly satisfactory results. A
determination of the total iron content of the blood by Jolles'

method may also furnish satisfactory results.

The white cells in myelogenous leuksemia are greatly increased,

except in very mild cases. The average may be assumed as from

Fig. 45. -Mitosis in Red Cell. Myelogenous Leukemia.
Stage after Separation of Chromosomes.

Early

one hundred thousand to two hundred thousand in the early

cases, up to an upper limit of about one milhon two hundred

thousand. During the remissions of the disease, or under arsenic

treatment, the leucocyte count may be normal, but careful exam-

ination will usually show the presence of myelocytes. The mo-

tility of the normally actively amoeboid polynuclears is dimin-

ished; the myelocytes occasionally show a very shght motility;

but not as much as is seen in the myelocytes in the normal bone

marrow.

The polynuclear neutrophiles are always positively increased;

that is, they are always more numerous to the cubic millimeter

than in normal blood, and may reach as high as two hundred
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thousand or over. They vary much more in size than in normal

blood, measuring from 5 to 15 micra. The neutrophile granules

may be absent or very scarce in stained preparations ; the granules

may be free in the serum or clustered about a very faintly staining

nucleus without visible cell body. The size and staining reactions

of the individual granules also vary, this being best marked in the

Jenner preparations.

The polynuclear eosinophile cells are increased in number.

They present no marked differences from those found in normal

blood. The large mononuclears with their well-staining nuclei and

pale cell bodies are often increased, but are. not to be confused with

the large unripe myelocytes with basophilic protoplasm and with-

out distinct granulations, which are so abundant in very chronic

^^

\

Fig. 46.

—

Mitosis in Red Cell. Myelogenous I^EUKiEMiA. L/Atb Stage,

ONLY A Bridge of Cell Body Remains Between the Nuclei.

cases. Cells with basophilic granules and polymorphic nuclei are

quite constantly found in considerable numbers; they may even

rise to 150,000 to the cubic millimeter. The granules possess the

irregularity of shape and size seen in normal blood, and with

thionin and with methylene blue or Jenner stain show a peculiar
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metachromatism noted in these cells in normal blood; that is,

they stain of a deep purple color with these dyes, whereas the

nucleus of these and other cells stains a pure blue.

The lymphocytes, both large and small, are quite variable.

They may be moderately increased or remain normal. In some
cases the large forms are especially abundant and show the charac-

teristic ear-like projections of the narrow basophilic cell body, so

well seen in lymphatic leukaemias.

The myelocytes are, so to speak, the characteristic lesion in the

blood, and without their presence a diagnosis of myelogenous leu-

kaemia can not be made. They are of three types, neutrophilic,

eosinophilic, and basophilic, the last being much less common than

the other two. The neutrophilic forms are the most abundant and

the most variable in type. They have a large oval nucleus, usually

eccentric, and neutrophile granules in varying quantities, at times

none at all. The cell body in these cases is faintly stained with

basic dyes as a rather coarse reticulum. These are the early forms

seen in bone marrow under normal conditions and called myelo-

blasts by Naegeli, or ancestral cells by Grawitz.

The neutrophilic myelocytes sometimes reach an extraordi-

nary size, even 13 micra in diameter. Degenerated forms are com-

mon in advanced leukaemias. They may show only a wide scat-

tering of the granules, or the cell body may be vacuolated, or small

tufts may protrude from the cell outline, and these tufts may be

cast off and appear free in the protoplasm. Some of the myelo-

cytes may have two nuclei arranged at different poles of the cell,

a probable evidence of cell division without separation of the cell

body. Active mitotic division is a great rarity in the peripheral

circulation, but may be observed in the bone marrow and in the

vessels of the liver and other organs in some abundance; appar-

ently the physical conditions in the rapidly moving blood are not

conducive to cell division.

The eosinophilic myelocytes are quite characteristic of leu-

kaemia, though not invariably found in large numbers, and though

they may rarely be seen in other diseases. A few cases are on

record in which no eosinophile myelocytes were present in the

blood. ^ They are not, however, , found as often as the neutro-

^ Strauss u. Rohnstein : Blutzusammensetzung bei den versch. AnamieeD,

1900, p. 142. Simon : Am. Jour. Med. Sciences, 1903, vol. cxxv, p. 984.
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phile forms in the blood of diseases other than leukaemia. Occa-

sionally the eosinophile cells may contain both eosinophile and

basophile granules; but these do not appear to be the same as the

basophile granules seen in the basophile cells, for they do not stain

with the peculiar metachromatism mentioned above, but take a

pure blue, like the nucleus. Degenerate forms are frequently seen

with faintly staining nuclei and widely scattered granules.

The basophilic myelocytes have the same general features as

the eosinophilic, except that they are rather rarely found, and the

granules show the same irregularity in shape and size that they

do in the polynuclear forms. The individual granules often stain

more deeply at the periphery than at the center, giving the im-

pression that they are mere stained rings lying in the cell body.

The cells which are characteristic of the disease—that is, the myelo-

cytes—are found in large numbers in the organs of the body, es-

pecially in the spleen, lymph nodes, and liver. In the spleen and

lymph nodes mitotic figures are often abundant in the myelocytes,

suggesting the possibility that these cells are deposited from the

blood, and, continuing to grow, form fresh centers of production

and distribution similar to the metastases of a malignant tumor.

The myelocytes, with this exception, do not leave the circulation

in response to the ordinary chemotactic agents. In acute pneu-

monias in leuksemic patients, the cells of the sputum are polynu-

clear, as are also the cells from pus. In the fluid from serous

exudates into the pleura and abdomen, however, a few myelocytes

and basophile cells are occasionally seen, the conditions governing

the exudation seeming to be different. During acute infections ^

the myelocytes may be greatly reduced in numbers in the circula-

tion, and may even entirely disappear as far as can be determined

from the examination of smears of the blood. If the infection is

long continued the deposits of myelocytes in the organs may be

reduced or disappear also, which is shown clinically by a reduction

in the size of the liver and spleen. The same series of phenomena
can often be observed after treatment with arsenic and also just

before death.

^ E. Weil: Les infections et la leucemie, Gaz. hebd., 1900, p, 829. Dock :

Influence of Complicating Diseases upon Leukaemia, Amer. Journal Med.

Sciences, 1904, p. 563.
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UNDETERMINED TYPES OF BLOOD DISEASE

FATAL ANEMIA WITHOUT CHARACTERISTIC LESIONS

A moderate number of cases ^ of rapidly fatal anaemia without

hyperplasia of the bone marrow have been described, attention

having been first called to the condition by Ehrlich.^ The symp-

toms of the disease are a rapidly progressing anaemia, often accom-

panied by haemorrhages into the mucous membranes and without

the changes in the blood which are usually considered to accom-

pany pernicious anaemia.

The haemoglobin is reduced in direct proportion to the reduc-

tion of the red cells, which are usually of normal size. Poikilo-

cytosis and anisocytosis are not as well marked as is usual in so

severe an anaemia. Nucleated red cells are either not found or are

exceedingly scanty.

The leucocytes in most of the cases have not been increased

in number and show usually a relative l3^mphocytosis. The au-

topsy findings have been negative as far as the blood-making

organs are concerned.

The bone marrow does not show marked hyperplasia, but is

fatty even in situations where it is reddish in normal individuals.

Ehrlich has classed these cases as aplastic anaemias, and thinks

that the bone marrow has been unable to respond to the rapid

destruction of the red cells which has taken place in the body.

In a case of the writer's the red cells fell from 1,600,000 to

790,000 in two weeks. The leucocytes, which were at first 45,000

with 81 per cent, of lymphocytes, fell to 16,000 with 39 per cent,

lymphocytes on the day before death. On autopsy the heart was

fatty and the spleen moderately enlarged. Both the renal vein

and the renal artery of the left kidney were plugged by a firm

thrombus, and the kidney substance was anaemic and had lost all

structure. The bone marrow was yellow throughout, even in the

spongy tissue of the sternum and the vertebrae.

Cases of this type are difficult to classify, and further obser-

^ Lipowski u. Engel : Zeit. f. klin. Med., 1900, Bd. xl, p. 17. Schauman:
Sammlung klin. Vortrage, No. 287, p. 234. Block : Beit. v. Ziegler, 1903, Bd.
xxxiv, p. 347.

2 Charite Annalen, 1888, Bd. xiii, p. 300.
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vations must be made before the definite position of the disease

can be determined.

FORMS INTERMEDIATE BETWEEN PERNICIOUS ANEMIA AND
LEUKEMIA

In another group of obscure cases the red cells show the

changes which are considered characteristic of pernicious anaemia,

while the leucocytes either remain low and show a large proportion

of myelocytes or lymphocytes, or they rise to the limits which we
are accustomed to consider as characteristic of leukaemia. The
present tendency is to class these conditions as of a leuksemic

nature. Among the first of these cases to be reported was that

of Litten,^ in which a person with pernicious anaemia gradually

developed symptoms of a myelogenous leukaemia. As the exam-

ination of the blood had not then reached very great development,

it is possible that this case may be classed as a myelogenous

leukaemia, which first came under observation during a remission

of the process with a reduction in the number of leucocytes, and

was therefore considered as primarily an anaemia.

Other cases, for example that of Kormoczi,^ have shown
changes in blood morphology from that considered characteristic

of pernicious anaemia to lymphatic leukaemia without the visceral

lesions of these two conditions being found at autopsy.

Osier ^ has seen a case of splenic anaemia with a red cell count

of 1,000,000, in which the leucocytes increased from normal to a

very large number two weeks before death, 84 per cent, being

lymphocytes. He considers the increase as indicating the transi-

tion to a true leukaemia.

Zypkin ^ reports a similar case in which the increase in the leu-

cocytes was observed only five days before death. The propor-

tions of the leucocytes were as follows: Polynuclear neutrophiles,

12 per cent.; lymphocytes, 71 per cent.; myelocytes, 2.4 per

cent.; mononuclear cells, with granulations, 14.4 per cent.; eosin-

ophiles, .3 per cent. The red corpuscles fell to 1,550,000 with

i Berl. klin. Woch., 1877, pp. 257, 278.

2 Deut. med. Woch., 1899, p. 238.

' Amer. Journ. Med. Sci., 1900, vol. cxix, p.

* Wien. klin. Woch., 1903, p. 1085.
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24 per cent, of hsemoglobin; i. e., a high index. Megaloblasts

and normoblasts were abundant. The bone marrow was hyper-

plastic.

A case of lymphatic leukaemia, which may serve as a type of

the intermediate group between pernicious anaemia and leukaemia,

has been recently published by Hitschmann and Lehndorff.^ The

patient was under observation for about three weeks with a con-

tinuous temperature, enlarged lymph nodes, and normal sized

spleen. There was an exanthematous eruption over the body

which partially disappeared under pressure and also a petechial

rash, especially abundant on the extremities. (A similar eruption,

resembling a maculo-papular syphilide, was observed by Manna-

berg and Spiegler^ in a case of acute leukaemia.) The blood

changes noted were rapidly increasing anaemia, the red cells dimin-

ishing from 2,100,000 to 724,000 in three weeks. A large number

of megaloblasts were present, rising at the termination of the dis-

ease to about ten thousand to the cubic millimeter. The haemo-

globin index was high. The white cells at the beginning of the

disease were 10,500 and increased to 35,000 toward the termination.

The differential proportions of the white cells at the beginning of

the disease were as follows: Neutrophiles, 4 per cent.; eosinophiles,

5.7 per cent.; small lymphocytes, 44.4 per cent.; large mononu-
clear cells, 45.9 per cent. Before death the number of neutrophiles

and eosinophiles fell to 5 per cent, and the mononuclears and lym-

phocytes increased to 95 per cent. Of these 19 per cent, were

small lymphocytes and 76 per cent, large mononuclears. At the

same time a considerable number of large basophile, non-granular

cells appeared in the circulation, of the type usually found in the

bone marrow.

LEUKAN^MIA

An observation of von Leube's has recently caused renewed

interest in the study of the leukaemic anaemias.^ The subject was
a ten-year-old boy, who suffered apparently from a combination

of pernicious anaemia and myelogenous leukaemia, running a very

^ Zeit. f. Heilkunde, 1903, Bd. xxiv, p. 190.

2 Gesells. f. innere Med. Wien, Jan. 9, 1902.

3Deut. Arch. f. klin. Med., 1901, Bd. Ixix, p. 331. See also Hirschfeld:

XJeber atypische Leukamieen. Folia haematologica, 1904, Bd. i, p. 150.
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acute course of about three weeks with clinical symptoms of an

acute infectious disease with haemorrhages. The red cells were

reduced to 256,000 to the cubic millimeter; numerous nucleated

reds were present, some 70 per cent, of which were of the megalo-

blastic type; while the white cells numbered 10,000. The differ-

ential count showed 40 per cent, lymphocytes, 44 per cent, poly-

nuclear neutrophiles, 13 per cent, neutrophile myelocytes, .6 per

cent, eosinophile myelocytes, and 2 per cent, large mononuclear

leucocytes. The bone marrow was hyperplastic and red, with

myeloid changes in the spleen and liver, but no deposits of iron in

the organs. The name of leukansemia has been suggested by von

Leube for this condition.

Luce ^ has recently described a somewhat similar case in which

the white cells were at no time increased over 81,000. The red

cells were 1,200,000 and the haemoglobin 30 per cent. The differ-

ential count showed 46 per cent, polynuclear neutrophiles, 49 per

cent, large lymphocytes and non-granular myelocytes, and 4 per

cent, of small lymphocytes. The autopsy showed leukaemic infil-

tration of the liver and kidney and absence of deposits of iron in

the organs.

A case of von Jaksch ^ seems related on the one hand to acute

myelogenous leukaemia, and on the other to an acute infectious

process. The patient had a marked anaemia with multiple areas

of periostitis, and enlargement of the liver, spleen, and lymph
nodes. The leucocytes varied between 10,000 and 70,000, from 4 to

30 per cent, of neutrophile myelocytes being present. There is no

evidence that the disease could not be considered an irregular type

of myelogenous leukaemia, the blood picture being altered by the

acute periostitis, a phenomenon often observed in typical cases of

myelogenous leukaemia complicated by an acute infectious process.

Transitional cases in which the blood changed from the lym-

phatic type to the myelogenous have been reported,"^ but such

alterations are often seen only a few days before death, and are

doubtless agonal and not accompanied by corresponding changes

in the blood-making organs.

» Deut. Arch. f. klin. Med., 1903, Bd. Ixxvii, p. 215.

2 Zeit. f. Heilkunde, 1901, N. F., Bd. ii, p. 259.

3 Fowler : Internat. Clinics, 1903, Thirteenth Series, vol. iii, p. 217. Wil-

kinson : Lancet, 1903, p. 1739.
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FORMS INTERMEDIATE BETWEEN PSEUDO-LEUKEMIA AND
LYMPHATIC LEUKEMIA

A change in the morphology of the blood from that character-

istic of pseudo-leukaemia to the leuksemic type is not, as far as our

knowledge extends at present, accompanied by the development

of a new disease, but much more probably depends upon the ex-

tension of the local hyperplasia of the lymph nodes to the lymphoid

tissue in the spleen and bone marrow. In these organs the ana-

tomical relations of the vessels to the lymph cells is so intimate

that the latter may easily escape into the circulation and give the

blood picture of a lymphatic leukaemia.^

Closely connected with this form of disease, if not identical

with it, are the cases of general sarcomatosis accompanied by the

blood changes of lymphatic leukaemia.^ The lymphocytes in the

blood are probably produced in the spleen and marrow by exten-

sion of the tumor and then set free in the blood current. It is

also possible that the invasion of the marrow by the tumor may set

up an hyperplasia of the lymphoid structures of these tissues, as is

seen in some cases of multiple carcinomatosis with hyperplasia of

the marrow and the blood picture of a myelogenous leukaemia.

DIAGNOSIS OF INTERMEDIATE TYPES OF BLOOD DISEASE

It is evident that our knowledge of the subject of blood dis-

eases is still very incomplete, and diagnostic conclusions from the

morphology of the blood should always be controlled by the re-

sults of the clinical examination of the patient. By this the writer

does not mean to state that a myelogenous or lymphatic leukaemia

or a pernicious anaemia can not be diagnosed by the morphology

of the blood; on the contrary, the blood may often indicate the

disease when a diagnosis can not be made by the clinical study of

the case. In the typical cases, however, the blood remains com-

^ For an excellent review of this subject, see Tiirk : Ein System der Lympho-
matosen, Wien. klin. Woch., 1903, p. 1073, A case of this type has recently

been reported by Wende : Am. Jour. Med. Sci., vol. cxxi, 1901, p. 839.

2 G. Lazarus : Multiple Sarcome mit pernicioser Anamie und gleichzeitiger

Leukamie. Dissertation, Berlin, 1890. Strauss: Sarcomatose u. Lymph.
Leukamie. Charity Annalen, xxiii, 1898, p. 343. P. Grawitz : Deut. med.
Woch., 1890, p. 458.



GENERAL PATHOLOGY OF THE BLOOD 181

paratively constant in its morphology and except during periods

of marked improvement the diagnosis can be made at a glance.

In the obscure cases which we have just considered one im-

mediately notices that there are either great fluctuations in the

counts and morphology or that the changes appeared a few days

before death. A diagnosis of the anatomical conditions accom-

panying the disease should not be made under these circum-

stances from the blood alone.

VL GENERAL PATHOLOGY OF THE BLOOD
BLOOD CHANGES IN SURGICAL CONDITIONS

As mentioned under the heading of leucocytosis, the adminis-

tration of an anaesthetic is followed by a slight rise in the number
of leucocytes. The same phenomenon follows the giving of a

saline infusion. A moderate loss of blood will cause a rise in the

leucocytes above normal for twenty-four hours or more, depending

upon the amount of blood lost. Shock also causes a moderate rise

unless very severe, when the leucocytes are diminished.

Pus anywhere in the body causes a leucocytosis, except when
it is thickly encapsulated or the infection is one of extraordinary

severity. The so-called pus from a cold abscess is only debris, not

pus in a true sense, and does not give rise to a leucocytosis. The
thick purulent fluid obtained from cases of pyosalpinx is very

generally sterile, so that the great majority of such patients show
no leucocytosis.

Catarrhal appendicitis, in the writer's experience, generally

gives a leucocytosis of 10,000 to 15,000, but not invariably, while

in perforate appendicitis and general peritonitis a leucocytosis is

usually present in the early stages of the disease, but as the con-

dition becomes more severe and the patient's resistance fails, the

leucocytes fall gradually. In a good many cases of catarrhal ap-

pendicitis, however, the leucocytosis may be quite transient so that

the general condition of the patient is of more importance than

the height of the leucocyte count in judging of the need of opera-

tive interference.

If pus is formed in small amounts and is well shut off from the

general peritoneal cavity, the leucocytes may not rise or the in-

crease may be so slight that it hardly exceeds the normal maxi-

mum of 10,000. Under these circumstances the presence of an
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iodophilic reaction in the polynuclears is of great value in deter-

mining the presence of an exudate.

The number of leucocytes gives no clue to the amount of pus

formed, but a safe general rule is that the small exudates or begin-

ning peritonitis give high leucocytoses, large exudates a high

leucocytosis, generally falling as the process becomes more widely

spread, while the gangrenous and perforating cases show a low

leucocytosis. When in doubt, the pulse, facies, and general con-

dition should always outweigh the leucocyte count in deciding on

operative procedures.

With low counts a differential enumeration of the leucocytes

should always be made. If the polynuclears form 85 per cent,

to 95 per cent, of the whole, a severe sepsis is probable, while if the

lymphocytes are high, typhoid fever should always be thought of.

Bloodgood, Curschmann, and others, consider a leucocytosis of

20,000 to 25,000 as indicating the necessity of an immediate

operation, though such cases have been known to recover spon-

taneously.

If the leucocytes do not return to normal in a day or so it is

probable that there are other foci of pus which have not been

drained, that a general peritonitis is beginning, or that a fsecal

fistula has formed. Revision of the wound should therefore be

promptly carried out.^

BLOOD CHANGES IN GENERAL DISEASES

TYPHOID FEVER

The blood in typhoid fever, aside from the agglutination re-

action, shows peculiar changes in the numerical relations of the

leucocytes, which are sometimes so well marked as to permit of

a probable diagnosis being made from the morphology during

the second and third weeks. The different stages of the disease

afford different blood pictures. During the first week some ob-

servers have stated there is a moderate leucocytosis,^ which quickly

disappears and is followed by an absolute and relative diminution

^ For further details on this subject, see :

—

Bloodgood : American Medicine,

1901, vol. i, p. 306. Curschmann: Miinch. med. Woch., 1901, pp. 1907, 1962.

Gerngross: ibid., 1903, p. 1586. Goetjes : ibid., 1903, p. 723. Federmann:
Mitth. a. d. Grenzgebieten d. Med. u. Chir., 1903, Bd. xii, p. 213.

2 Thayer : Johns Hopkins Hosp. Reports, 1900, vol. viii, p. 487.
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in the number of neutrophiles, but Higley ^ in a number of early

cases was unable to demonstrate an initial rise in neutrophiles and

found instead a leucopenia with a relatively high lymphocyte

count. My own observations on a few patients who were undoubt-

edly in the first week of the disease agree with those of Higley.

In the second week there is a further diminution in the number of

neutrophiles, and toward the latter part of the week a rise in the

number of lymphocytes, with practically a complete absence of

eosinophiles. At this time, therefore, a probable diagnosis of

typhoid fever can be made on an adult with a continued fever, a

diminished leucocyte count, a relative increase in the number of

lymphocytes, and a diminution in the number of eosinophiles. In

children the changes are not so well marked either in the relations

of the leucocytes to each other or in the diminution in their abso-

lute number.

In the third week the relative increase of the lymphocytes

becomes still more marked, the neutrophiles go still lower, and

the eosinophiles begin toward the end of the week to increase

slowly.

One case seen by the writer may be quoted as an example

of the profound alterations in the proportion of the leucocytes in

the third week. The leucocyte count was 5,000. Polynuclear

neutrophiles were present in a proportion of 33 per cent.; large

lymphocytes, 47 per cent.; small lymphocytes, 20 per cent. No
basophile or eosinophile cells were seen in the 500 leucocytes

counted. The Widal reaction was positive at 1 to 200 within an

hour.

In some cases in adults, however, the lymphocytes are not

much increased beyond the normal number of 1,500 to the cubic

millimeter, even at this period.

During the fourth week the neutrophiles reach their lowest

point, the lymphocytes are often more abundant than the neutro-

philes, while the eosinophiles slowly increase toward their normal

percentage. As soon as the fever disappears the neutrophiles be-

gin to increase and gradually rise to the normal, the eosinophiles

often increase quite beyond the average 4 per cent, and remain so

for several months, the lymphocytes slowly diminish.

Complications caused by infections by bacilli other than ty-

1 Proc. New York Path. Soc, 1903, vol. iii, N. S., p. 87.
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phoid cause only a slight rise in the number of polynuclear neu-

trophiles, far less than would appear with a similar infection not

compHcated by typhoid. The absence of leucocytosis, in spite

of a severe complicating infection, is a sign of bad prognosis. In

uncomplicated cases a moderate diminution of the neutrophiles

and eosinophiles, and a well-marked rise in the lymphocytes, is of

good prognosis. A haemorrhage or perforation of the intestine

usually causes a rise in the leucocytes, but occasionally in fatal

cases the leucocytes may fall after a perforation.

The diminution of the neutrophiles and eosinophils in the

course of typhoid fever is due probably to the action of the toxins

of the disease on the bone marrow, reducing its ability to produce

leucocytes in normal numbers, while the action of the toxin on the

lymphatic apparatus is not so extreme, thus permitting a rela-

tively large number of lymphocytes to appear in the blood.

^

In typhoid fever the existence of a leucocytosis points to some
infection other than typhoid, probably a pneumonia, phlebitis, or

a perforation. There is occasionally a leucocytosis in intestinal

obstruction, coming on soon after the onset of the condition, but

high counts point to gangrene. Tuberculous meningitis, it must

be remembered, may occasionally give a leucocytosis, which is

contrary to the general rule that tuberculous conditions do not

cause an increase in the peripheral leucocytes. In cholelithiasis a

leucocytosis indicates some acute lesion of the gall bladder or

ducts, as the presence or passage of gall-stones does not give rise

to a leucocytosis.

PNEUMONIA

The blood in this disease is quite regularly characterized by
the presence during the attack of a marked polynuclear leucocyto-

sis, the average number being about 25,000 in well-marked cases.

The rise begins with the time of the initial chill, while the fall

coincides with the cessation of the active process in the lung.

In mild cases the leucocytosis may be moderate, but in those

in which the reaction of the body to the infection is vigorous a

marked leucocytosis is the rule. In severe infections with slight

^ For a fuller discussion of this subject, see :

—

Naegeli : Deut. Arch, f . klin.

Med., 1900, Bd. Ixvii, p. 279. Kast u. Giitig : Deut. Arch. f. klin. Med.,

1904, Bd. Ixxx, p. 105.
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reaction, the leucocytosis is apt to be low. This is generally con-

sidered a symptom of bad prognosis.

The eosinophiles and the lymphocytes are reduced during the

course of the leucocytosis, but after the crisis they are often slight-

ly increased and a few myelocytes may be present. The tempera-

ture and the amount of lung tissue invaded have no quantitative

relations to the leucocytosis. The temperature may be high and
the amount of lung involved very great, with a low leucocyte

count.

DIPHTHERIA

There is a very slight reduction of the red cells and of the

haemoglobin during the course of a diphtheritic infection, though
occasionally a polycythsemia has been noted. Cases treated with

the specific serum as a rule show a temporary hypoleucocytosis

following the injection, while the diminution in the red cells and
haemoglobin is not so marked as in the untreated cases. In cases

of moderate severity the leucocytes are increased during the height

of the disease. The cases in which there is no such increase

may be either very severe, in which event the infection has in-

hibited the leucocytosis, as is seen in pneumonia, or very mild.^

The increase in the leucocytes is largely due to an increase in the

polynuclear cells. In many severe cases of diphtheria, but not in

all, myelocytes and " irritation forms " have been found, occasion-

ally rising as high as 14 per cent.^ The glycogen reaction is usually,

but not always, present.

SCARLET FEVER

Nearly all cases show a leucocytosis of from ten to forty thou-

sand with a relative increase in the number of polynuclears. The
rise in the white cells is parallel to the curve of the temperature,

with the maximum at the height of the rash.^

About the fourth day of the disease there is usually a rise in

the eosinophiles, occasionally as high as 15 per cent., and this in-

crease continues after the temperature has fallen.^ The chief

1 Ewing : Clinical Path, of the Blood, New York, 1903.

2 Engel: Deut. med. Woch., 1897, p. 118.

3 Reckzeh : Zeit. f. klin. Med., 1902, Bd. xlv, pp. 107 and 201.

* Sacquepee : Arch, de M^d. exp., 1902, p. 101. J. van den Berg: Blutun-

tersuchungen bei Scharlach. Diss. Freiburg, 1898.

14
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value of the blood examination in this disease is to furnish a dif-

ferential diagnosis between mild cases without pronounced rash

and measles, in which no leucocytosis is present.

MEASLES

As stated in the last paragraph, the blood changes in measles

are very slight. Usually there is no leucocytosis, but quite fre-

quently a diminution in the number of polynuclears during the

stage of eruption. The eosinophiles in measles—in contrast to

scarlet fever—are diminished. In German measles the condition

is the same.

VARIOLA

In variola there is usually a moderate diminution in the num-

ber of red corpuscles and in the haemoglobin during the course

of the disease, and after the appearance of the vesicles an increase

in the leucocytes.

The most important phenomenon, and one which is occasionally

of diagnostic value in differentiating variola from other acute in-

fectious diseases with skin lesions, is the appearance in the blood

of a large number of mononuclear cells; of these cells small lym-

phocytes form 30 to 40 per cent., myelocytes usually from 2 to 10

per cent., though in very severe cases, especially with haemor-

rhages, there may be 25 per cent, of myelocytes in the blood. The
"irritation forms" of Turk form from 2 to 10 per cent.^ These

changes are most marked in the cases with abundant pustules

containing pus and streptococci.^ Nucleated red cells are occa-

sionally seen, especially in the hsemorrhagic cases.

VACCINIA

Vaccinia in children occasionally produces a slight leucocytosis.

In adults no changes have been noted, unless the eruption is gen-

eralized, when there may be a moderate leucocytosis.

CHICKEN-POX

In the slight cases no changes have been noted. The more
severe types show a moderate leucocytosis and occasionally a few

myelocytes are present.^

* Weil: Soc. de Biol., 1900, p. 615.

^ Counnont et Montagard : Journ. de Phys. et de Path, gen., 1900, p. 557.

2 Nobecourt et Merklen : Journ. de Phys. et de Path, gen., 1901, p. 439.



GENERAL PATHOLOGY OF THE BLOOD 187

PERTUSSIS

The proportions of the leucocytes in this disease show a con-

stant and characteristic change. During the course of the disease,

especially in young children, there is a marked leucocytosis with

a relative increase in the lymphocytes. No such change has been

found by Meunier ^ in uncomplicated cases of bronchitis, and the

blood examination may therefore afford results of diagnostic value.

Occasionally the leucocytes are increased to such an extent that

suspicion may be aroused that the disease is of a leuksemic nature,

especially if the child shows enlargement of the spleen and lymph
nodes as is frequently the case in children with rickets.

Cabot ^ saw two cases of pneumonia during pertussis in which the

leucocytes rose to 94,000 to the cubic millimeter, with 69 and 65 per

cent, of lymphocytes. A leucocyte count of 236,000 with 65 per cent,

of lymphocytes has been reported by Steven.^

ACUTE ARTICULAR RHEUMATISM

A high leucocytosis may occur in acute cases, when a number
of joints are involved, while in subacute cases, or those confined

to a single articulation, the increase in the white cells may be very

slight. During the course of the disease a moderate anaemia

usually develops. Since the same phenomena also occur in gon-

orrhoeal, strepto- and staphylococcus arthritis, the blood changes

are not of diagnostic value.

ERYSIPELAS

There is a moderate polynuclear leucocytosis running parallel

to the temperature curve, but no other change of importance.

Myelocytes are rarely seen and are not of diagnostic or prognostic

value.

SEPTICAEMIA

Generalized infections with the pyogenic cocci regularly incite

a marked increase in the leucocytes with a rise to 30,000, 40,000,

or even 50,000 cells to the cubic millimeter, though occasionally

^ Arch, de Medicine des Enfants, 1898, tome i, p. 193,

^ Clinical Examination of the Blood, New York, 1904.

» Lancet, 1902, vol. ii, p. 791.
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very rapid and fatal cases occur in which no leucocytosis is found.

In these conditions it is probable that the infection has so affected

the bone marrow that leucocytes are not produced in normal num-

bers. In obscure cases the isolation of the infectious agent from

the blood is necessary for a positive diagnosis. In distinguishing

sepsis with a low leucocyte count from miliary tuberculosis the

results of a differential count may be important, the polynuclears

being high in the former, the lymphocytes in the latter.

MENINGITIS

Acute meningitis due to the pyogenic cocci, to the pneumococ-

cus, or to the meningococcus, is usually accompanied by a leuco-

cytosis. Tuberculosis of the serous membranes of the brain and

cord also gives rise to a leucocytosis. These facts are occasionally

of value in distinguishing meningitis from other diseases which may
give similar symptoms ; for example, cerebral tumors, cerebral type

of lead-poisoning, uraemia, apoplexy, and diabetic coma. Thus

cases of typhoid fever with marked cerebral symptoms show a low

leucocytosis with a relative increase in the lymphocytes in con-

trast to the polynuclear leucocytosis of meningitis.

TUBERCULOSIS

General miliary tuberculosis, as a rule, gives no leucocytosis.

In a case reported by Warthin ^ there was a constant leucopenia

for a month before death, the white cells diminishing at one time

to 600 to the cubic millimeter; but in a few of Cabot's cases ^ there

was a moderate leucocytosis. In the writer's experience leuco-

penia is the rule. In tuberculous peritonitis a leucocytosis is fre-

quently seen.

SYPHILIS

The most striking phenomenon in this disease is the rapid

reduction in the number of red cells beginning soon after the ap-

pearance of the initial lesion. The anaemia is generally of the

chlorotic type, but in several untreated cases seen by the writer

there was a very extreme anaemia, one with only 1,400,000 cells

to the cubic millimeter and numerous nucleated reds, including

^ Medical News, 1896, vol. Ixviii, p. 89.

2 Clinical Examination of the Blood, 5th ed., 1904, p. 299.
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a few megaloblasts. Anaemia of this type has occasionally been

mistaken for pernicious anaemia, but the low haemoglobin index

and the clinical features of the case should make the diagnosis.

The effect of the treatment is a slow recovery in the number

of cells and in the haemoglobin. The claim which Justus makes

that a constant and rapid reduction of the haemoglobin in untreat-

ed cases takes place after the administration of mercury, has not

been verified by other observers.

^

The leucocytes are slightly increased during the stage of erup-

tion and a relative lymphocytosis is not infrequent.

LEPROSY

In the milder cases there is no constant alteration in the blood,

but in persons suffering from an active form of this disease, es-

pecially with a fresh nodular eruption, there may be a moderate

increase in the eosinophiles. The bacillus of leprosy has been

found within the leucocytes in a considerable number of cases.

HEART DISEASE

In mycotic endocarditis a marked anaemia rapidly develops

and a high leucocytosis is usually present. Cases of acute rheu-

matic endocarditis also show a moderate leucocytosis without

marked anaemia. In the chronic stages of heart disease the chief

point of interest in the blood is the polycythaemia which frequently

exists. Under these conditions, persons who are evidently anae-

mic give high counts of 5,000,000 red cells or more, with normal

or slightly increased leucocytes, and yet when the blood is exam-

ined in stained preparations the pale centers of the red cells

immediately call attention to the existing anaemia.

The writer has recently seen a case of this type the subject of myo-
carditis with chronic bronchitis and emphysema, in which not only was

there a marked anaemia, but an abundant granular degeneration of the

red cells, and a blood count of 7,660,000 red cells with 90 per cent,

of haemoglobin (Fleischl-Miescher) and many normoblasts. The red

cells fell to 6,510,000 in three hours after oxygen inhalations.

In congenital heart disease there is almost constantly a very

extreme polycythaemia with high haemoglobin percentages and
specific gravity, and a moderate increase in the white cells.

^ Jones: N. Y. Med. Joum., 1900, vol. bcxi, p. 513.
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An interesting case with a very high count is that reported by

KovAcs ' of 9,600,000 red cells in a girl of eighteen years of age. The

freezing point of the blood was — .69° C. The number of corpuscles was

reduced by the inhalation of oxygen to 7,400,000; the freezing point to

— .65° C. The reduction in the number of red cells by the inhalation is of

especial interest, as it furnishes an explanation of the phenomenon often

seen in heart cases where the red cells become approximately normal

as the heart compensation is restored by suitable treatment.

NEPHRITIS

The changes which occur in the blood of patients suffering

from nephritis depend very largely upon the type of the kidney

lesion. In an acute nephritis a more or less severe anaemia and

a slight leucocytosis are the only constant phenomena and are

of no value from a diagnostic point of view. In chronic paren-

chymatous nephritis there is quite regularly a marked reduction

in the haemoglobin and in the number of red cells, and this diminu-

tion in the corpuscles may occasionally reach a very extreme

degree. The usual variations, however, are between three and

four millions with a haemoglobin of 40 to 80 per cent.

A certain number of the patients with extreme pallor of the

skin and every symptom of anaemia may show a high red cell

count with only a slight diminution in the haemoglobin. This

is due to an artificial polycythaemia which exists, owing probably

to alterations in the circulation and enfeeblement of the heart

action. Inhalations of oxygen will often reduce the number of

red cells in a few hours by 500,000 to 1,000,000.

In chronic diffuse nephritis the changes are very slight until

the later stages of the disease when a moderate anaemia appears,

but this diminution in the red cells is often masked by the poly-

cythaemia connected with the oedema of the tissues and enfeeble-

ment of the heart action, which complicates the disease.

Occasionally, in both chronic parenchymatous and interstitial

nephritis, we see cases in which the anaemia is the most prominent

symptom, and the kidney lesion may give rise to so few symptoms
that the nephritis is entirely overlooked. The writer has seen

two such cases, in which the red cells fell to 1,000,000 and 700,000

respectively, with changes characteristic of a secondary anaemia

and a moderate increase in the leucocytes. The marrow of the

1 Kordnyi: Zeit. f. klin. Med., 1898, Bd. xxxiv, p. 25.
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long bones was fatty. Possibly the case of infarction of the kidney

previously mentioned on page 176 may belong to this category.

Labbe ^ mentions several cases in which an extreme anaemia ex-

isted, even suggesting the pernicious type. In one the red cell

count fell to 418,000. The bone marrow was only slightly hyper-

plastic. Ewing 2 has also called attention to the anaemic type of

nephritis. The blood in these cases is not that of true pernicious

anaemia. The red cells are pale and, on an average, microcytic.

Normoblasts are more abundant than megaloblasts. The haemo-

globin index is below 1. There is no doubt, however, that cases

of true pernicious anaemia co-exist with advanced nephritis, but

the two diseases are independent of each other.

VII. DISEASES IN WHICH THE BLOOD CONTAINS
PARASITES

MALARIA

The excitant of the disease known clinically as malaria is a

protozoon of the large class of animal parasites, the sporozoa,

closely related to the coccidia. The special class of the haemo-

sporidia to which the malarial organism belongs are parasitic ani-

mals which feed upon the red corpuscles of the blood and destroy

them. The course of development of the species of haemosporidia

which attack the blood of man has been followed through two

quite different cycles. One of these cycles is in the blood, spleen,

and bone marrow of the human host; the other is a sexual cycle,

the different stages of which take place in the intestinal tract of

the female of a particular genus of mosquito, Anopheles. So far

as our present knowledge extends, the extra-human cycle is con-

fined to mosquitoes of this genus. The cycle in the circulating

blood is the one which was first discovered by Laveran,'^ and is

the one which is most easily followed clinically.

The malarial organisms in the blood in the different types of

malarial fevers can be classified morphologically for the purpose of

description into two groups. In one iprm. of the disease the cells

capable of sexual reproduction (the so-called gametes or crescen-

1 Labbe et Lortat-Jacob : Bull, et Mem. de la Soc. Anat., No. 7, 1903, p. 553.

2 Clinical Pathology of the Blood, New York, 1903.

3 C. R. Acad, de Sci., Paris, 1881, T. xciii, p. 627.
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tic forms) are quite sharply distinguished from the amoeboid

forms which simply pass through the asexual cycle as parasites

in the red blood corpuscles. In the other form, the gametes are

hardly to be distinguished from the adult parasites of the asex-

ual cycle. The members of the first group are known as the para-

sites of aestivo-autumnal or pernicious malaria, while the second

group includes two forms, the parasites of the tertian and the quar-

tan fevers.

THE DEVELOPMENT OF THE tESTIVO-AUTUMNAL FORM OF

PARASITE

The life history of this form of parasite will be considered first,

as the morphological differentiation of the gametes from the asex-

ual parasites renders the different stages easier to follow than in

the other two groups of malarial fever.

Asexual Cycle.—If the fresh blood of a patient suffering from

aestivo-autumnal fever be examined about the time of a chill the

red cells will be seen to contain very small, highly refractile,

actively amoeboid bodies, which move about in the cell and appear

to lie on its surface or in its substance (Plate IX, Figs. 57, 58,

59, 60, 61). While at rest the Plasmodium assumes a signet-ring

shape and at this stage contains no pigment. If another examina-

tion be made of the blood a few hours later, these small ring

forms will be seen to have grown larger and a few very small

brown or black pigment granules can be seen, generally on the

periphery of the organism (Plate IX, Fig. 62). This pigment

—

melanin—is produced by the parasite from the haemoglobin of the

red cells and is in the form of fine granules or rods. Its exact

chemical composition is not known, but it is probably haematin

or an allied substance. Under ordinary conditions in man a

large number of cycles of the organism are developing simultane-

ously, so that all the early stages can usually be seen in a single

preparation if the organisms are at all abundant.

The red cell during this development of the parasite usually

undergoes marked change, best seen in fresh preparations. It

shrinks slightly, often becomes crenated, and its natural pale-

yellow color frequently deepens to a brassy tint. Dotting of the

substance of the red cell, such as is seen so commonly in the cells

infected by the tertian parasite, is not frequent in the cases occur-
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ring outside of the tropics, but some observers have noted this

form of degeneration of the red cell both when infected with

gametes and early amoeboid forms. ^ The dots are usually much
coarser than in tertian malaria.

At this point in the cycle, when the amoeboid form occupies

about one-fourth of the disk of the red cell, the development of

the parasite in the peripheral circulation ceases and is continued

in the internal organs, especially the spleen, the bone marrow,

and the brain capillaries. In infections of great severity an oc-

casional segmenting form may be met with in the peripheral

blood stream, but only very exceptionally. If at this time the

spleen be punctured and a smear made of the blood so obtained,

many adult and segmenting forms will be found, often included

with their enveloping red cell in one of the large macrophages of

the splenic tissue. The adult plasmodium thus seen is an actively

amoeboid body occupying from a fifth to a half of the body of the

red cell (Plate IX, Figs. 63, 64, 65).

The pigment is small in arnount and the minute granules are

peripherally arranged about the edge of the plasmodium. When
maturity is reached the pigment collects near the center of the

organism, the uniform structure of the plasmodium is altered by

the appearance of numerous very small clear dots representing

nuclei, which can be stained by suitable procedures, and finally

the whole mass, or schizont, segments into spores, or more prop-

erly—to follow the systematic nomenclature of the coccidia

—

merozoites (Plate IX, Fig. 66). The number of these merozoites

formed from a single plasmodium in sestivo-autumnal malaria

varies from six to thirty; the average is about fifteen. The
shriveled remains of the red cell may occasionally be seen around

the segmenting forms, but, as a rule, the plasmodium is set free

before segmentation takes place. The whole process of growth

and division is completed in from twenty-four to forty-eight

hours, and the small merozoites set free by the segmentation im-

mediately enter other red corpuscles, as the small amoeboid forms

mentioned above, and thus complete the asexual cycle.

Christy ^ has been able to trace the steps of the penetration of

the red cell by the merozoites, shortly after their formation by

^ Stephens and Christophers : Practical Study of Malaria, London, 1903, p. 37.

2 Brit. Med. Journal, 1903, September, p. 645.



DESCRIPTION OF PLATE IX
Stained with eosin-methylene azure

Figure A.—Quartan Parasites

1 to 5. Small merozoites in the red cells. The chromatin is either spheri-

cal, horseshoe shaped, or in two particles.

6, 7, 8, and 9. Gradual growth of the parasite, the formation of pigment,

and the breaking up of the nucleus.

10. Microgametocyte, early form.

11. Macrogamete, early form.

12. 13, 14, and 15. Presegmenting stage of the amoeboid parasite.

16. Commencing segmentation. The chromatin mass undergoes division

and forms a series of small compact masses.

17. Early stage of the same process with more complete separation of the

chromosomes,

18. Pigment collects in the center of the parasite and the chromosomes
arrange themselves about the periphery.

19. Further stage of the same process.

20. Merozoites are formed ready to be set free in the blood.

21. Adult microgametocyte.

22. Adult macrogamete.

23. Microgametocyte giving ofif a microgamete.

Figure B.—Tertian Parasites

24 to 30. Small merozoites soon after entry into a red cell showing the

varying morphology of the chromatin and the ring form of the parasite. Fig.

28 shows the peculiar malarial dotting which is characteristic of the red cell

infected by the tertian parasite.

31 and 32. Parasites about eight hours old beginning to throw out
pseudopodia.

33, 34, and 35. Amoeboid forms under the action of quinine.

36 and 37. Beginning formation of pigment.

38, 39, 40, 41, 42, and 43. Parasites 24 to 36 hours old.

44. Triple infection of red cell.

45. Macrogamete.

46. Microgametocyte.

47. 48, 49, 50, 51, and 52. Various stages of development of the segment-
ing parasite.

53. Early stage of segmentation.

54. Slightly more advanced.

55. Red cell ruptured and parasite set free.

56. Microgametocyte giving off microgamete.

Figure C.—^stivo-autumnal Parasites

57. 58, 59, and 60. Small ring forms showing the spherical masses of

chromatin and the fine blue bow of the ring.

61. Blood cell showing granular degeneration and containing two parasites.

62. Twenty-four-hour-old parasite containing pigment.

63. 64, 65, and 66. Various stages of growth toward segmentation.
67 and 68. Microgametocytes,

69, 70, and 71. Macrogametes.
72. Microgametocyte after the blood is shed. The crescent form is changed

into the so-called spherical body,
73. Microgametocyte giving off microgamete. The crescent form shown

in Fig. 67 changes to the spherical form as soon as the blood is shed,
194
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segmentation, in fresh blood and stained smears from a case of

tertian malaria. The parasites attach themselves to the edge

of the red cell and flatten out along the rims, sending into the cell

substance a number of small pseudopodial projections. These

become larger, and the substance of the rim flows over the parasite

until the latter is wholly enclosed within the border of the cell.

As the parasite enters the cell the pseudopodia extending from the

two ends come together and produce the familiar ring form, usu-

ally enclosing a small portion of the red cell during this process.

This enclosure soon becomes decolorized and absorbed.

The process thus recorded differs somewhat, however, from

that observed by Schaudinn,i who noted that the parasite entered

the red cell in a forcible manner similar to that observed in the

penetration of the vermicules into the cells of the mosquito's

stomach.

The sexual cycle is carried out by the crescents which are spe-

cialized forms of cells. One of these, the microgametocyte, has the

power to form spermatozoa, and by them to fertilize the female

organism or macrogamete.

These crescents are formed chiefly in the bone marrow from

small ovoid intracellular bodies, which are early in their develop-

ment distinguished from the ordinary amoeboid forms by their

more abundant and coarse pigment and circular outline and cen-

trally placed nucleus.2 They do not undergo segmentation while

in the blood. The adult crescents are quite constantly present

in well-developed cases, and are often found in the blood after

treatment with quinine has caused the disappearance of the amoe-

boid bodies, the power of resisting the action of drugs being much
more marked in the crescents than in any other form of the

Plasmodium. There is a certain amount of evidence to show
that the crescents may under special conditions give rise to a

fresh group of merozoites and thus incite a recrudescence of the

disease even after all the amoeboid forms have been destroyed by
quinine.

Two types of crescents may be distinguished morphologically,

both of which begin as small amoeboid forms and gradually mature

into oval or crescentic forms. One of these, the microgameto-

* Arb. a. d. Kais. Gesundheitsamte, 1902, vol. xix, p. 169.

^ Stephens and Christophers : Rep. to the Malaria Com. of the Royal So-

ciety, London, Series iii, p. 8.
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cyte (Plate IX, Fig. 67), or the cell producing the male elements,

has the power of becoming flagellated and giving off the flagellum

(microgamete) ; the other, the macrogametes (female elements),

do not give off flagella. The microgametocytes are distinguished

from the macrogametes by the fact that in the former (the male

form) the pigment is usually scattered throughout the body of

the crescent, the chromatin is more abundant, is in the form of a

loose network, and the entire body stains rather faintly; while

in the female form the pigment surrounds the rather scanty com-

pact nuclear chromatin in a ring form, the cell body stains deeply,

is more crescentic in shape and longer and narrower than the

male, and no flagella are given off (Plate IX, Figs. 68, 69, 71).

The crescents in the fresh blood show no amoeboid motion, and

even the pigment is motionless. They are either crescentic in

form with the pigment collected at the center, or they may be

spindle-shaped with somewhat scattered pigment, or, finally, short,

thick, or sausage-shaped bodies with pigment irregularly scat-

tered, or, more frequently, gathered into a ring about the nucleus.

They are all endoglobular, the faint remnant of the red cell often

being seen as a faint line stretching between the two horns of

the crescent (Plate IX, Figs. 69, 71). The formation of flagella

(microgametes) does not take place in the circulating blood; it

begins only after the blood has been on a slide for fifteen or

thirty minutes or has remained for some time in the stomach of

a mosquito. Both male and female crescents after the blood is

shed assume an oval or spherical form (Plate IX, Fig. 72), and

the pigment becomes motile. The flagella are given off from the

male form.

These flagella, usually about four in number (Plate IX, Fig.

73), bud out from the periphery of one of the microgametocytes,

which has previously assumed a spherical instead of a crescent

shape and become actively amoeboid. The flagella grow to a

length of three to five times the diameter of the red cell. They
are either pointed or bulbous at their extremities, or they present

swellings at irregular intervals along their extent. Their motion

is rather rapid in warm stage preparations, and they finally be-

come detached and move about free in the serum. The pigment

during this process usually remains at the center of the spherical

mass, and is actively motile; but in preparations stained to show
the nuclear chromatin, the latter may be seen to penetrate the
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flagella in the form of long thin rods, which remain after the

fiagella become detached. The shell of the red cell in which the

crescent developed can rarely be seen in fresh preparations of

the flagellate forms, as the organism is usually set free before

flagellation. One of the macrogametes, in which reduction of the

chromatin by extrusion of a polar body has occurred, is penetrated

by a flagellum and fertilized. This process, which seems neces-

sary for the continuance of the race, is normally carried out in

the middle intestine of the mosquito of the genus Anopheles, no

other species as yet having been found capable of acting as an

extra-human host.

The actual entry of the microgamete (spermatozoon) into the

macrogamete was first observed by MacCallum ^ in a fresh blood

preparation in a case of Hal-

teridium infection in the

blood of a crow. If a patient

in whose blood are present

mature crescents is bitten by

an Anopheles and the atmos-

pheric temperature is suffi-

ciently high for the growth of

the organism in the mosquito,

fertilization takes place and

the ookinet or vermicule so

formed in the lumen of the in-

testine penetrates the wall of

that visCUS, and at the end of Fig. 47.—Diagram of Cross-section of

two days the fertilized cysts

may be found adherent to the

wall of the intestine in the

form of small, pigmented, oval bodies, 8 to 10 micra in diameter,

containing the pigment of the original gametes.

Two days later these zygotes or oocysts are much larger and

have a distinct capsule, while by the sixth day they may measure

60 to 80 micra in diameter (Fig. 48). They contain numerous

small bodies, which are nuclei due to the frequent division of the

original nuclear material, and the capsule is much thicker. Each

one of the bodies or sporoblasts so formed is a spherical cell which

Stomach of Mosquito, Showing Zy-

gotes or Oocysts Containing Sporo-

* Journal of Exp. Medicine, 1898, vol. iii, p. 117.
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Fig. 48.

—

Fresh Preparation of Wall.

OF Stomach of Infected Anopheles,
Showing Oocysts in Various Stages
OF Development. (Nuttall.)

at the end of a week contains

a large number of slender,

thread-like rods, twelve to

sixteen micra in length, with

pointed extremities, each one

of these rods having a small

mass of nuclear chromatin

(Fig. 49). The cyst projects

through the wall of the in-

testine into the coelom cavity

of the mosquito host, and

when it ruptures, the minute

rods or sporozoites with which

it is filled are carried by the

lymph currents to the salivary

glands, from which they may
be injected with the saliva

when the female Anopheles bites another subject.

The sporozoites, after entering the circulation in man, attack

the red cells and be- Z

come the small amoe-

boid forms described

above. The actual en-

try of the sporozoite

has naturally not been

observed in the cir-

culating blood, but

Schaudinn^ describes

the phenomenon as

observed in vitro,

using human blood

and fresh sporozoites

obtained by dissecting

an infected mosquito.

In two to three weeks

the formation of the

gametes takes place ^^^- '*®-

—

Section of Middle Lobe of Salivary

„ ji , r , r Gland of Anopheles, Showing Sporozoites.
and the crescent forms . , . ,

,

.^ , •+ • u ^.A more highly magnined sporozoite is shown at

appear in the blood. the side. (Grassi.)

* Arb. aus d. Kais. Gesundheitsamte, 1902, Bd. xix, p. 169.
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MODE OF INFECTION

That this is possible has been abundantly proven by allowing

mosquitoes containing sestivo-autumnal sporozoites to bite healthy

persons, who, after a period of incubation of about ten days, were

seized with an sestivo-autumnal type of fever, and the character-

istic organisms were found in the blood, though not present

previously.

DEVELOPMENT OF THE TERTIAN PARASITE

The earliest form of tertian parasite is about one-fifth of the

diameter of the red cell which contains it, and in fresh blood

resembles nothing so much as one of the vacuoles often present in

the bodies of the red cells, except that it possesses active amoeboid

motion in the substance of the corpuscle (Plate IX, Figs. 24, 32).

When stained in a dried smear the parasite takes the form of a

sniall ring, with a central clear space in which lies the minute

spherical nucleus, which can be often stained by thionin or an old

Jenner staining mixture, but more certainly by the combination

of stains devised by Nocht and modified by Giemsa and others.

There is no pigment in the parasite in the early stages and little

or no change in the red cell.

During the eight hours succeeding the entrance of the mero-

zoite into the body of the red cell the growth is rapid and the

organism assumes the form of a ring with a large mass on one side,

the so-called signet form. The nucleus changes from a solid,

deeply staining mass to a collection of fine nuclear particles very

close together, much more compact and deeply staining, however,

than in the mature forms. The signet portion of the body of the

parasite gives out long pseudopodia (Figs. 33-37).

The ring at this stage is to be distinguished from the sestivo-

autumnal ring by the fact that it is coarser in outline and con-

tains pigment, while the sestivo-autumnal is very delicate in form

and at this stage contains no pigment. The red cell can now be

seen to have swollen and become paler, and in stained preparations

many of the erythrocytes show the fine dotting of the protoplasm

first noted by Mannaberg ^ and described in detail by Schiiffner ^

(Plate IX, Figs. 28, 44, and 47).

^ Die Malaria-Krankheiten. Wien, 1899.

2 Deut. Arch. f. klin. Med., 1899, Bd. Ixiv, p. 428.
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During the next twenty-four hours the parasite grows to a

large irregularly shaped amoeboid mass which fills about three-

fourths of the red cell and contains much fine pigment and a

nucleus which is composed of fine granules staining rather feebly

(Plate IX, Figs. 38-44). The nucleus is much fainter than in the

ring forms and lies in a clear area at one side of the parasite,

little change is noted in the ensuing twenty-four hours, except a

gradual increase in the size of the parasite and a diminution of

the haemoglobin content of the invaded red cell, until about eight

hours before the chill. At this time the homogeneous staining

of the body of the parasite changes and shows a reticular struc-

ture. The pigment gradually collects at the center of the para-

site and the white spots in the reticulum become more marked,

while a nuclear stain shows that each one of these areas contains

a compact, deeply staining nucleus similar to that seen in the early

form of the parasite after it has invaded the red cell. Occasion-

ally one-half of the schizont undergoes these changes while the

other half remains unchanged. The segmentation is only irregu-

lar in time in these forms and is completed later. The number

of merozoites formed is from fifteen to twenty, though smaller

numbers are seen (Figs. 52-55).

A number of the large forms do not segment. These are the

gametes, and if observed on a warm stage will give out flagella if

male, or receive them if female. Accurate morphological differ-

ences have not been established with desirable clearness between

the male and the female gametes, which will always enable a dis-

tinction to be made before the special sexual process takes place;

but in general it may be said that the macrogamete (Figs. 45 and

50) stains deeply, the chromatin is compact and laterally placed,

the achromatic zone is narrow and the pigment black and scattered

over the whole parasite. The male form, on the other hand, stains

relatively faintly, the chromatin is in coarse threads and centrally

placed, or extends in a band across the cell; the achromatic zone

is large, and the pigment is coarse and chiefly peripheral. (See

Plate IX, Figs. 46, 47, 48, 49.)

The merozoites formed by the breaking up of the segmenting

forms and set free in the blood by the rupture of the red cell,

immediately enter other red cells and continue the asexual cycle,

which occupies for its completion forty-eight hours.



MALAEIA 201

DEVELOPMENT OF THE QUARTAN PARASITE

The early forms of the quartan parasite can not always be

distinguished from those of the tertian until after the formation

of pigment, when it will be seen that the quartan pigment is in

much larger blocks than that produced by the tertian (Plate IX,

Figs. 1-7). In fresh preparations, the pigment together with the

higher refractive power, the slow amoeboid motions of the organ-

ism, and the lack of pseudopodia, together with the shrunken

appearance of the red cell, will distinguish the quartan parasite.

The mature forms, and especially those which are segmenting,

are easily differentiated from the tertian (Figs. 7-20). The retic-

ulum is coarser and the number of merozoites formed smaller than

in the tertian, the average being six to twelve, each with a well-

marked nucleus (Figs. 16-20). The pigment arranges itself along

the line of division between the merozoites and does not collect in

a single mass at the center of the rosette, as in the tertian. The

rosette itself is much more regular in form than with the tertian,

which is often merely an irregular mass, while the quartan forms

the so-called "daisy" shape. As the time required for develop-

ment is seventy-two hours, and the entire process takes place in

the peripheral blood, the number of segmenting parasites in differ-

ent stages in the blood of a patient suffering from quartan fever

is often very large. The gametes of the quartan parasite (Plate

IX, Figs. 21 and 22) are distinguished from the amoeboid forms

by the same differences in morphology as have been described for

the tertian.

If the blood of a person suffering from either tertian or quartan

fever is taken into the intestine of an Anopheles, the same proc-

ess of fertilization and the formation of oocysts is carried out as

has been described in the case of the sestivo-autumnal type, with

only shght variations in the morphology of the various stages.

CHANGES IN THE RED AND WHITE CELLS IN MALARIA

Evidences of degeneration in the red cells are quite common.
The quartan parasite usually causes the red cell to shrink and be-

come slightly crenated, but this crenation can often be observed

in the red cell infected with tertian organisms, especially in smears.

In a few of these cells there are basophile granules (Plate IX, Fig.

15
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61) which stain well with either thionin or methylene blue, but

these basophile granules are much more abundant in the cells

which contain no organisms.

In the infected and shriveled cells containing tertian organ-

isms, small granules are often to be seen in preparations with a

chromatin stain, which are smaller and more abundant than the

basophile granules (Plate IX, Figs. 28, 44, 47). These small

reddish granules are considered by many observers as an early

stage of granular degeneration. Maurer ^ suggests that they are

degenerated particles of the stroma of the red cell. Others have

considered these fine dots as remnants of the haemoglobin of the

cell which collect in masses as the cell swells and loses its coloring

matter. In the other types of malaria in which the red cells shrink

and become deeper in color no such fine granulation has been

observed, though, as stated on page 199, coarse dots may be seen

in aestival infection. Mannaberg suggests that they may be

caused by coagulation of the substance of the red cell by the poison

of the parasite.

The degree of destruction of the red cells in malaria is depend-

ent upon the number of parasites present. It may reach a very

extraordinary figure, cases having been reported where the red

cells were reduced to 500,000, while those remaining showed the

changes of an anaemia of a pernicious type. As a rule, the reduc-

tion is rapid at first, but becomes less marked as the disease pro-

gresses, especially when the cells become reduced to 2,000,000.

The leucocytes are not, as a rule, much altered. A moderate

leucocytosis is present during the chill, with a relative increase in

the large mononuclear forms, up to 20 or 25 per cent., while during

apyrexia there is a fairly marked leucopenia.^ In chronic cases

there is a good deal of pigment in the bodies of the leucocytes, the

large mononuclears chiefly, but occasionally in the small lympho-

cytes and polynuclears.

Multiple infection of the same red cell by two or more organisms

is frequently seen in the sestivo-autumnal fevers (Plate IX, Fig. 58),

and occasionally in the tertians with numerous parasites (Figs.

31, 44), but only rarely in quartan fevers. The condition usually

^Cent. f. Bakt., 1900, Bd. xxviii, p. 114. Schuffner : Deut. Arch. f. klin.

Med., 1899, Bd. Ixiv, p. 428.

^Billet: Thirteenth Internat. Cong, of Medicine, 1900. Pijch: Zeit. f.

Hygiene, 1903, Bd. xlii, p. 563.
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observed is the infection of a red cell with two or more rings,

five and six have been seen in sestivo-autumnal cases. In the

tertian the double infection is the most frequent. Usually the

rings are separate, but rarely they may overlie each other or

their pseudopodia may intertwine to form the most bizarre

figures, especially after the administration of quinine. Double

infection with mature organisms is rarely seen. (See Plate IX,

Fig. 44.)

Mixed infection with two different species of organisms is not

uncommon, especially in the tropics. The tertian and the sestivo-

autumnal form the most frequent combination. A mixed infec-

tion of malaria and typhoid fever is rarely seen. When it exists

the Plasmodia are generally absent from the blood during the

active course of the typhoid and only reappear with the lowering

of the fever and convalescence.

METHODS OF EXAMINING BLOOD FOR MALARIAL PARASITES

It is not necessary to obtain blood for the purpose of making a

diagnosis of malaria at any particular time in relation to the chill,

because if the patient has the disease the parasites will always

be found if sufficient care is taken in searching for them, only

excepting in the blood of persons to whom quinine has been ad-

ministered, and in some cases of black-water fever where the para-

sites may not appear in the peripheral blood. Even half a gram
of the quinine is sufficient to nullify a most careful search for the

Plasmodia, so that a negative result under these circumstances is

of httle value.

The examination of fresh preparations is the simplest means
for a mere diagnosis of tertian or quartan malaria if the blood can

be examined at the bedside, using the technique which has been

given under the general discussion of the methods of examination

of the blood. If the blood can not be examined immediately it is

far better to make a number of large smears on slides, allow them
to dry, fix and stain them with thionin, or better, with eosin and

methylene azure, and search through the preparations at leisure

with a mechanical stage. This is especially advisable in those

cases in which quinine has previously been administered, and in

cases in which the blood is taken some hours after the chill in

tertian and quartan malaria with a single group of organisms.
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The small ring forms may be very scanty, and their recognition in

the fresh preparation quite impossible, while in a well-stained

slide the recognition of the rings is a simple matter even to the

beginner. In searching for sestival parasites, fresh preparations

should not be relied upon, for while it is often possible to find

crescentic forms and thus make a diagnosis, when the latter are

scanty the very small ring forms are often overlooked. The
writer has seen a number of mistakes of this sort which would
have been avoided if a properly stained eosin-azure preparation

had been employed. If the parasite can not be found by ordinary

means, a very thick smear should be made and the haemoglobin

removed by placing the slide, without fixing, in a weak solution of

watery eosin, and then staining with dilute methylene azure.

Ruge 1 has suggested a modification of this method which we owe
to Ross. Thick smears are fixed in a fluid containing 2 per cent,

formahn and 1 per cent, acetic acid. The slide may now be

stained by methylene blue or thionin without any risk of dissolving

the cells.

The diagnosis of malaria from pigment in the leucocytes is

extremely hazardous, nor is the increase in large mononuclears of

much greater importance, though both of these points may be of

some use in the diagnosis of malaria after large doses of quinine

have been administered.

Stephens and Christophers ^ regard 10 per cent, of large mono-
nuclears as suggestive and 15 to 20 per cent, as practically diag-

nostic of malaria. Malarial pigment in the blood is almost always

in these cells, and usually in large quantities; particles outside of

the cells may be assumed to be dirt derived from the slide or the

skin of the finger.

Flagellation, fertilization, and other vital phenomena are stud-

ied best in fresh preparations and on a warm stage, then the de-

tails observed in stained smears made from the same slide. A
useful means of studying flagellation has been suggested by the

Italian observers. They make rather thick smears and keep them
in a moist chamber for fifteen to thirty minutes and then dry and
stain by the eosin-methylene azure method.

It is important for the beginner to make a careful study of a

series of slides taken about twelve hours apart from a case of

* Deut. med. Woch., 1903, vol. xxix, p. 205.

^ Loc. cit., p. 41.
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tertian malaria with a single group of parasites, thus familiariz-

ing himself with the various stages of development of the organ-

ism and also with the gametes. It will not be difficult then to

recognize double infections and to prognosticate roughly from the

morphology of the parasites the time of the next chill, a matter of

the utmost importance in the treatment of the disease. The fol-

lowing table may be of use in differentiating the various types of

organisms in fresh blood:
^

Quartan. Tertian. iEsTivo-autumnal.

1. Size. SmaU. Large. Small forms only in

the peripheral
blood.

2. Contour. Sharp. More hazy. Sharp.
3. Refraction. Highly refractile. Less so. Highly refractile.

4. Activity. Motion slow. Motion very active. Very active.

5. Pigment. Coarse and near Fine and scattered Fine and less abun-
periphery. throughout. dant.

6. Segment- 6-12 segments, nu- 15-20 segments, Variable number,
ing forms. clei well marked. nuclei not easily usually 7 to 15.

7. Red cells. Dark in color.

seen.

Swollen, pale, and Often shrink and be-
dotted. come of a brassy

color.

8. Cycle. 72 hours. 48 hours. 24 to 48 hours.
9. Gametes. Small. Large. In crescentic or oval

form.

10. Site of Chiefly in the per-

ipheral blood.
In the peripheral Almost entirely in

segmenta- blood, but also spleen, bone mar-
tion. extensively in row, and capillary

the organs. vessels of the brain
and other viscera.

THE RELATION OF THE PARASITES TO THE TEMPERATURE CURVE

The mere inspection of the temperature chart is not in itself

sufficient to determine the cycle of development of the parasite, for

it is well known that the daily chill may be produced by any one

of three forms of organisms. The aestivo-autumnal, for instance,

may cause a daily chill by a group of parasites segmenting every

twenty-four hours; the tertian may also cause a quotidian fever

by a double infection, the two groups of parasites segmenting on

alternate days; while the quartan may produce the same phe-

nomenon by a triple infection, each group segmenting twenty-four

hours apart.
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Inasmuch as the rise in temperature corresponds very closely

to the setting free of the parasites in the blood we would expect

on examining a double tertian infection to find both the small

ring forms just liberated by the segmentation, and also mature

pigmented parasites twenty-four hours old. At a period twelve

hours before or after a chill the only parasites would be small

amoeboid forms with some pigment, and large parasites in the

presegmenting stage plus male and female gametes.

To determine the cycle of the parasite it is necessary to make
examinations at intervals of about four hours, the temperature

being plotted at the same time. The number of parasites of the

same size at each observation should be determined by a thorough

search through one or more smears, the number depending upon

the severity of the infection, and a curve drawn showing the grad-

ual formation of the different groups. The tracing of the double

tertian and triple quartan groups is not a matter of great difficulty,

but in the aestivo-autumnal fevers the time of segmentation is

much more irregular than in the two preceding forms, and as the

temperature is often high and continuous and the segmenting para-

sites do not appear in the blood, the exact time required for devel-

opment is still somewhat in doubt. There are some observers,

however, who deny the twenty-four hours' period of segmenta-

tion for this parasite and think that one generation segmenting at

intervals of forty-eight hours can produce a daily fever. It is also

possible that the segmentation takes place in the spleen at very

irregular intervals, thus producing a series of crops of small para-

sites which may not produce a marked rise in temperature unless

a sufficient number of them be present in the circulating blood.

THE ACTION OF QUININE

Besides the well-known action of quinine in curing malaria, th.e

morphological changes which it produces are of interest.

A large dose of quinine does not necessarily prevent segmenta-

tion of large forms, but it may destroy the small merozoites as

soon as they are set free in the blood, and both alter the mor-

phology and prevent the development of the ring forms in the red

cells. The rings do not stain so deeply as normal; their edges are

without sharp contour, and the whole parasite appears as if torn.

The nucleus is altered in shape and shrunken.
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The larger amoeboid forms are much altered by the action of

quinine, showing very numerous pseudopodia, scattering of the

chromatin in irregular masses often outside the cell, and altered

staining qualities of the protoplasm of the cell body (Plate IX,

Fig. 35). The younger gametes of both sexes'show the same scat-

tering of the chromatin and torn appearance of the protoplasm as

in the amoeboid cycle, but the adult sexual parasites show no

change.^

In black-water fever, which is generally regarded as a severe

infection of the sestivo-autumnal type with but very few parasites

in the peripheral blood, the administration of quinine is apt to

cause a marked hsemoglobinuria within a short time.

IDENTIFICATION AND STUDY OF MOSQUITOES

The identification of the form of mosquito which acts as host

for the parasite of human malaria, and the demonstration of the

Male Female

Fig. 50.

—

Proboscis and Palpi of Culex. (Braun.)

sporoblasts in the wall of the midgut, while not belonging strictly

to clinical diagnosis may be briefly outlined, as the knowledge so

obtained is often of importance in the tracing of local epidemics

and in planning measures for the destruction of the infecting in-

sects.

As stated in a previous paragraph, the various members of the

* See plates in Schaudinn : Arb. aus d. Kais. Gesundheitsamte, 1902, Plate

V, Figs. 81 to 89.
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genus Anophelina are responsible for the development and rein-

oculation into man of the parasites of human malaria. The male

and female of this genus may be distinguished with some ease

from the members of the genus Culex by observing the relation

between the length of the proboscis and the palpi. As is shown

Male Female

Fig. 51.

—

Proboscis and Palpi of Anopheles. (Braun.)

in Figs. 50 and 51, the palpi in the female of the Culex group

are relatively very short, while those in the female of the Anopheles

group are equal in length to the proboscis. These facts may be

made out by the use of a hand lens and are sufficient for the pre-

liminary classification into genera, but the exact determination of

a b

Fig. 52.

—

Attitude Assumed by (a) Anopheles and (6) Culex when Resting.

the species requires careful study of minute anatomical details and

need not be considered here.

In examining dwellings for specimens of Anopheles it is well to

remember that they are strictly nocturnal in their habits and are

most likely to be found in the daytime on the walls or ceilings of

dark rooms. The attitude assumed by Anopheles when resting
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is somewhat characteristic and may aid in identification. (See

Fig. 52.)

In order to demonstrate malarial infection in the mosquito it

is necessary to dissect the insect so that the midgut to which the

sporoblasts are attached may be examined with a high power. To

do this, the freshly caught mosquito is killed with chloroform,

tobacco, smoke, or the vapor from potassium cyanide, and the

wings and legs pulled off with forceps. The remainder of the

insect is then placed on a slide and covered with a few drops of

physiological saline solution. The posterior portion of the abdo-

men is then gently flattened with a needle and two nicks are made,

one on each side of the abdomen between the third and the last

two segments. The thorax is then transfixed with another needle

Fig. 53.

—

Diagram Showing the Stages of the Dissection of the
Stomach. OF the Mosquito.

and gentle traction is made on the last two segments of the abdo-

men. As the two portions of the exoskeleton are dragged apart a

bundle of white tubes make their appearance. These are the

intestine and the Malpighian tubes, while on further traction the

midgut and the oesophagus make their appearance.



210 THE BLOOD

The needle should now be transferred from the terminal seg-

ments of the thorax to the upper portion of the intestine to avoid

Fig. 54.

—

Lateral View of Stomach of Mosquito, Showing Zygotes or
Cysts Containing Sporozoites. (Daniels.)

tearing that viscus. As soon as the intestine and its appendages

are separated from the thorax they should be separated by cut-

ting with a needle just below the sac-

cular termination of the midgut, and

the latter isolated. Fresh salt solu-

tion is then added and the gut

covered with a cover glass and exam-

ined with a one^twelfth oil immersion

lens. The smaller zygotes may be

recognized by the pigment which they

contain, derived from the fertilized

macrogamete. They measure some

10 micra in diameter and must be

carefully distinguished from the large

swollen epithelial cells of the stomach
Fig. 55.

—

Diagram of Dissec- n i • i i . , •

TioN OF Salivary Glands of wall whlch do not COntam pigment.

Mosquito. The larger cysts are easily identified

An incision should be made along by the sporozoite rods with which
the line 3-4, then a second along ^^^y ^re now filled. The latter may
1-2, and the head and thorax

, , » • .^ n •
-i ^

dragged apart. (Daniels.) be Set free m. the fluid by pressing on

the cover until the cysts rupture.

Permanent preparations may be made by drying the slide and

staining with eosin-azure after a few minutes' fixation in alcohol.
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The salivary glands may be obtained by fixation of the thorax

with a needle and then dragging on the head of the mosquito. If

the preparation is then exam-

ined with a half-inch lens the

glands may be seen as glis-

tening transparent bodies

attached to the neck. They

should be separated from the

head by a needle cut and ex-

amined in salt solution. The

sporozoites are most abun-

dant in the middle lobe and

may be set free by gentle ^'f
56^«. Eggsof Cuiex; 6andc, eggs of

"^ ./ o Anopheles; a, egg of Panoplites; e, egg of

pressure on the cover glass. Psorophora;/,eggof Stegomyia. (Daniels.)

The eggs of mosquitoes of

different genera vary greatly in their morphology. In most cases

they are laid on the surface of water. The identification of the eggs

is occasionally of interest in determining the species, which may be

of importance in the spread of either

malaria or yellow fever. Fig. 56 gives

sufficient details for this purpose.

^

RELAPSING FEVER

During the paroxysms of relaps-

ing fever a parasite has been found 2

in the peripheral circulation which in

its general morphology corresponds

^ „ ^ to the spirillum type of bacteria.
f IG. 57.

—

Spirochete of . i ^,r^.

Obermeier. The organism measures about 30 to

40 micra in length. Between the at-

tacks of fever the parasites are not found in the blood.

Manson ^ has described a case of recurrent fever in which small

^ Further details on the identification and the minute anatomy of mos-

quitoes may be found in :

—

Stephens and Christophers: Practical Study of Ma-

laria, London, 1903. Daniels: Laboratory Studies in Tropical Medicine,

London, 1903. Nuttall and Shipley: Journ. of Hygiene, vols, i and iii. Theobald:

Monograph of the Culicidae, London. Berkeley: Laboratory Work with Mos-

quitoes, New York, 1902.

^ Obermeier : Cent. f. d. med. Wissen., 1873.

3 British Med. Journal. 1903. p. 538.
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spirilla were demonstrated which differed somewhat in morphol-

ogy from the Spirochsete of Obermeier. The body was somewhat

more slender and the curves were less sharp than are commonly

seen in this parasite. He is not certain that the organism is not

the Spirochsete of Obermeier, but suggests further study of the

blood in similar cases derived, as this was, from Gibraltar.

Relapsing fever does not occur in the United States, but chiefly

in Russia and India.

^

FILARIASIS

Filaria noctuma.—In the disease known as filariasis the incit-

ing agent is a nematode worm, Filaria Bancrofts The adult male

and female organisms of this species live in the lymphatics of

the abdomen and pelvis in man. The female Filaria Bancrofti

gives off an enormous number of ova which develop into small

motile embryos and circulate in the blood. These embryos are

called Filaria nocturna.

The presence of the worm and its embryos may, as is usually

the case, give rise to no symptoms, or may cause chyluria and

hsematuria or the enlargement of a few lymph vessels or lymph

nodes in the groin, or the swelling and thickening of an entire

limb or portion of the body, the latter condition being known as

elephantiasis. In the United States, Central America, and the West

Indies, most of the cases either give no symptoms or show merely

a moderate chyluria and hsematuria or a few dilated lymph channels.

In the countries above mentioned advanced elephantiasis is uncom-

mon, but in the islands of the Pacific it is extremely frequent.

Most of the cases of filariasis observed in the United States

are imported from the islands of the West Indies or from Central

America, but infections with this parasite have been observed in

persons who have never left the northern part of the United

States. In the Southern States the disease is fairly frequent. The
infection in some portions of China and India involves one-third

of the population; in Samoa and the Fiji Islands about 50 per

cent, of the inhabitants are affected, judging from the elephan-

^ For a full review of the subject, with bibliography, see Wladimiroff:-Kol\e

u. Wassermann'S Handbuch d. Path. Mikroorganismen, Bd. iii, p. 75, and Bd.

iv, p. 1126, Jena, 1903 and 1904.

For recent studies,which have suggested that the Spirochsete may be related

to Trypanosoma, see Schaudinn: Arb, a. d. kais. Gesundheitsamte, 1904, Bd.

XX, Heft 3, p. 387; and Lankester: Quarterly Review, 1904, p. 113.
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tiasis alone. Probably more than this per cent, have parasites in

the blood. A large proportion of the natives of some of the

islands of the West Indies ^ and of the Isthmus of Panama are said

to be infected.

The male and female adult worms live in the thoracic duct,

in the lymph vessels of the scrotum, and in the lymph nodes.

#

Fig. 58.

—

Embryo of Filaria Bancrofti. Magnified 250 diameters.

The figure shows the hyaUne capsule extending beyond each end of the embryo.

especially those in the groin. There may be but a single pair of

these worms or a large number of pairs which often are entangled

in an inextricable mass. They are long, white, transparent worms
measuring from eight to ten centimeters in length and about a

millimeter in diameter. The male is slightly smaller than the

female. In the female two uterine tubes occupy the greater por-

tion of the body and are usually filled with ova in various stages

^ Ashford (Filariasis in Porto Rico, Medical Record, 1903, p. 724) reports

12 per cent, of a battalion of soldiers showing filaria, and 20 per cent, of the

natives having chyluria.
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of development. From these the female furnishes an enormous

number of embryos to the circulation, a severe infection often

showing one or two to the cubic millimeter of blood. Manson
estimates that in one case at least fifty million embryos must

have been present in the body.

The embryos are actively motile, transparent worms, about two-

tenths to four-tenths of a millimeter long and about the diam-

eter of a red blood corpuscle, so that they can easily pass through

the smallest capillaries. One end is blunt, the other tapers to a

point. The embryo is sheathed in a gelatinous envelope which

is considerably longer than the worm which it encloses (Fig. 58).

This can be easily demonstrated by staining the parasite with

eosin and methylene azure, the envelope taking a reddish stain

with the eosin. The embryo itself, when stained, is seen to be

filled with a large number of nuclei, and in the center a small

unstained area can usually be seen which probably represents

the site of the developing digestive organs of the future Filaria

Bancrofti. In most of the stained specimens may be seen a clear

space in the nuclei, one near the head, the other near the tail

(Fig. 59). A delicate transverse striation can usually be made out

when examining filarise with high power. In fresh specimens a

small prong can occasionally be noted protruding from the blunt

end of the worm, usually surrounded by a sheath.

The embryos of the filaria appear in the blood only at night;

during the day they occupy the vessels of the abdomen and es-

pecially those of the lungs. They are practically absent from the

liver, spleen, bone marrow, and brain, in contrast to the infec-

tion of these organs with the malarial parasite. This phenom-
enon has been explained on the supposition that the capillaries are

dilated when the patient is in bed, thus giving greater freedom

for the passage of the embryos; but Manson thinks that this is

not sufficient, because the parasites begin to appear about five

or six o'clock in the evening before the patient has gone to bed,

and an occasional one may be found during the day.

The nocturnal habits of the embryo can be reversed by causing

the patient to remain in bed during the day and be up and about

during the night, in which case the parasites appear in the circula-

tion during the daytime and disappear at night.

The embryos begin to appear in the peripheral circulation in

considerable numbers about eight o'clock in the evening, reach a
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maximum about midnight, and gradually disappear before the

morning. A very few can often be demonstrated during the day-

time in advanced infections with numerous parasites.

Filaria embryos and, more rarely, the adult worms, may be

found in the bloody or chylous urine which is occasionally passed

by patients subject to this disease, or in the fluid obtained by

aspirating one of the swollen lymph nodes in the groin. The diag-

nosis of filariasis is more easily made, however, by searching the

Fig. 59.

—

Filaria Nocturna, Showing " V Spot or Head Spot " and
" Tail Spot." Magnified 900 diameters.

blood obtained from the patient during the night. If the examina-

tion can be carried out at once, very thick spreads of blood should

be made and covered with a large cover glass to prevent drying, and

then the slide set aside for a few minutes in order to allow the

parasites to clear a space in the corpuscles by their active motion

and so become visible. The preparation should be searched

with a medium power lens ; one of eight or sixteen miUimeters

focus is most suitable.

If the examination can not be made of the fresh preparation,
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thick smears should be spread and allowed to dry slowly. The

slides should be fixed in either formalin-alcohol or methyl al-

cohol, and stained with thionin, hsematoxylin, or eosin-methylene

azure. No eosin counter-stain is needed when merely searching

for the parasite; in fact, it is a distinct disadvantage.

The mode of infection in filariasis is through the mosquito as

an intermediary host. The females of Culex fatigans and Ano-

pheles nigerrimus have been shown to be capable of acting as

hosts for the embryos. The embryos are drawn from the blood

of the infected person into the stomach of the mosquito, and three

or four hours later they will be noticed to have shed their gelati-

nous envelope; and if the mosquito is dissected at a still later

period the worms will be found to have passed through the walls of

the stomach and to have entered the thoracic muscles of the insect.

In from sixteen to twenty days, depending upon the temperature

of the air, the embryo develops into a worm, showing the rudiments

of a mouth and alimentary canal, and increases in size to about

two millimeters. The worms pass forward by the thorax and

neck and enter the head and coil up close to the base of the pro-

boscis. ^ They do not enter by the salivary duct, as is the case

with the malarial parasite, but break through into the base in a

way not as yet actually determined, and pass along the stylets

into the puncture which the mosquito makes in the skin of the

person bitten. The paired parasites thus transferred to the lymph
channels develop into the adult worms, and embryos soon appear

in the blood.

The embryonic filaria can but rarely be demonstrated in cases

of elephantiasis arabum, though there seems to be but little doubt

that they are the inciting cause of the disease. It is possible that

the infection in these cases is of long standing and that the adult

parasites have either died off or are encapsulated, perhaps by the

blocking up of the lymphatics.

The blood in cases of filariasis shows in the early stages of the

infection a moderate eosinophilia, which rises when the parasites

are absent from the blood and falls when they are present. It is

probable that the eosinophilia is present only in fresh infections,

as low percentages are occasionally seen.^

^ Manson: Journal of Tropical Medicine, May, 1900, p. 254. Low: Brit.

Med. Jour., 1900, p. 1456.

2 Calvert : Johns Hopkins Hosp. Bull., 1902, p. 133.
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Filaiia diuma.—A slightly smaller species of filaria embryo
has been noted in blood obtained from natives of the Congo and

lower Niger regions in Africa, which is considered by Manson to be

a distinct species. As the name indicates, it appears in the blood

during the day. Other observers are inclined to doubt the indi-

viduality of the parasite, considering it to be merely a form of

Filaria nocturna.

Filaria Demarquaii.—This parasite was observed by Manson
in blood from natives of St. Vincent, St. Lucia, Dominica and

Trinidad, West Indies. It resembles Filaria nocturna in shape,

but differs in size, the average measurements being two hundred

micra by five micra. It is sharp-tailed, has a long sheath, and does

not show the diurnal oscillation in its appearance in the blood. It

also has the power of active locomotion which is not possessed

by Filaria nocturna, the latter thrashing about in the blood drop

without changing its place.

Filaria Ozzardi.—Filaria Ozzardi has been observed in the

blood obtained from the Carib Indians of British Guiana. The
parasites are blunt-tailed, have no sheath, and measure between

one hundred and seventy and two hundred and forty micra long

by four to five micra in diameter. The adult worms measure

about seven cm. in length and only about half the diameter of

Filaria Bancrofti. It is somewhat doubtful whether this is actually

a new species.

Filaria perstans.—The parasite bearing this name is very fre-

quently encountered in the blood of the negro population of West
Africa, from fifty to ninety per cent, of the inhabitants harboring

the parasites. It apparently does not exist in the West Indies.

It does not observe any periodicity, but is present in the blood in

equal numbers day and night. The embryo measures about two-

tenths of a millimeter in length and four and one-half micra in

diameter, and is distinguished from the Filaria nocturna by an
entire absence of sheath and by the rounded nature of both ends

of the embryo. It has the power of independent locomotion in

the blood.

The adult worm measures seventy to eighty millimeters in

length and one-tenth of a millimeter in thickness.

Apparently the presence of the worms in the body gives rise

to no clinical symptoms.

16
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Filaria gigas.—A new species of filaria from Sierra Leone ^ has

recently been described, the embryo of which is much larger than

in the forms previously mentioned. It measures 220 to 340 by 8

to 10 micra.

The head is rounded, the tail is blunt and tapering. No sheath

i-s present.

2

The table on page 218, from Daniels,^ gives the chief facts

concerning the morphology of the parasites.

TRYPANOSOMIASIS

TrjTpanosoma hominis (Syn. T. Castellani, T. Gambiense).—
This parasite has been found in the blood of a number of persons

suffering from a febrile disease resembling malarial fever and
with the development of marked cachexia. Other symptoms are

a pronounced oedema of the lower eyelids and general congestion

of the skin with an itchy, erythematous eruption and a cyanosis of

considerable areas, suggesting the early stage of a macular leprosy.

In addition, there is marked muscular weakness, enlargement of

the spleen and lymph nodes, moderate temperature, and increased

frequency of the pulse and respiration.

The trypanosomata are most numerous in the blood during the

febrile period and are practically absent at other times. The blood

showed a moderate anaemia with a relative mononucleosis and no

increase in the eosinophiles in a case examined by Manson.^ The
parasites are present in large numbers in the lymph nodes, espe-

cially the cervical group.

The parasite was discovered in human blood by Nepveu ^ but

its nature was first recognized by Forde^ and Button."^ It is a

small, transparent, non-pigmented, actively motile organism,

1 Prout: Brit. Med. Jour., 1902, vol. ii, p. 881.

' For a very complete review of the filariae of man and animals with bibli-

ography, see Annett, Dutton and Elliott : Thompson Yates Lab. Reports, 1901,

vol. iv, part i. See also Scheube: Krankheiten der warmen Lander, 1903,

third edition. Manson: Tropical Diseases, London, 1903.
^ Lab. Studies in Tropical Medicine, London, 1903.
* Manson : p. 179.

^ Memoirs de la soc. de biologie, 1898, t. xv, p. 337.

"'Journal of Tropical Medicine, Sept., 1902, p. 261.

^Thompson Yates Laboratory Reports, 1902; British Medical Journal,

1902, p. 881.
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about ten to twenty micra in length, provided with a flagellum

continuous with the lateral aspect of one side of the body. The
posterior extremity is blunt, the anterior tapering and continuous

with the flagellum. The parasite is always free in the serum and

is never intracorpuscular.

A small centrosome can be made out just posterior to the

termination of the flagellum, while near the middle of the body

is an oval nucleus (Fig. 61). These two bodies and the flagellum

stain red with eosin-azure. The trypanosome multiplies by
fission, the centrosome dividing first, then successively, the

flagellum, nucleus, and body of the parasite. No sexual phase

has as yet been observed.

•
^

Fig. 60.

—

Trypanosoma hominis.

Photograph from a specimen in the author's possession.

Castellani ^ has found that in persons the subjects of sleeping

sickness, the trypanosome could be demonstrated in the cerebro-

spinal fluid. It is also possible to find the same- parasite in the

blood, but as a rule they are few in number. Bruce ^ considers

sleeping sickness a later stage of the trypanosome infection. In

order to demonstrate the parasites in the spinal fluid it is neces-

sary to centrifuge the latter and examine the deposit. The in-

fection is probably carried by a species of tsetse fly, Glossina

1 Cent. f. Bakt., 1903, Bd. xxxv, p. 62.

2 Bruce, Nabarro, and Grieg: Brit. Med. Journal, 1903, p. 1343.
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palpalis, which introduces the parasite into the circulation while

biting.

Castellani and also Bettencourt ^ have called attention to the

fact that a diplococcus is also associated with this disease, but

Castellani is inclined to consider this as a secondary infection,

though the cocci may be found in about 80 per cent, of the au-

FiG. 61.

—

Trypanosoma hominis. (Dutton.)

topsies. In these cases a large number showed the cocci in the

cerebro-spinal fluid.

Trypanosomata are frequently found in the blood of rats,

though without giving rise to symptoms, the species being known
as the Trypanosoma Lewisi. In the blood of horses a similar

parasite, inciting the disease known as nagana or surra, has been

found. It is known by the names Trypanosoma Evansi and

Brucei. In the disease known as dourine, occurring in horses and

donkeys, the blood contains parasites of this type, the name of the

organism being Trypanosoma equiperdum. Slight morphologi-

cal differences exist between all these parasites, but they are not

constant and the subject needs further investigation. It has been

established that animals with Trypanosoma Evansi obtain the

parasite from the bite of the tsetse fly, Glossina morsitans.

The cultivation of Trypanosoma Lewisi and Brucei on arti-

ficial media has been successfully carried out by Novy and Mc-

Neal.2

^ Cent. f. Bakt., 1903, Bd. xxxv, p. 45.

^ Journal of Infectious Diseases, 1904, vol. i, p. 1.
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SPOTTED FEVER (PYROPLASMOSIS)

The disease known as spotted fever or tick fever is endemic

in the mountainous districts in Montana, Wyoming, Idaho, and

Nevada, in the western portions of the United States. Recent

investigations of the blood of persons suffering from this disease

have been made, and a parasite has been discovered occupying

the bodies of the red cells. ^ The parasite is a small amoeboid body,

which in the early stages measures 1^ to 2 micra in length and ^

to 1 micra in width. It closely resembles the early intracorpus-

cular parasites of aestivo-autumnal malaria, but is differentiated

from them by the fact that pigment is never present in the body

of the parasite. The morphology is also slightly

different, as there is a tendency to the formation

of pairs of organisms attached to the pointed

extremity, such as have been observed in the

/ ^^.M^ Pyrosoma bigeminum of Texas cattle fever.
^"^^ The paired organisms usually lie with their
Fig. 62.—Parasite

j ^^^^ -^^ ^ straight line, though they may
FOUND IN Spotted ^ & j & j j-

^Sy ^ft

Fever. (Anderson.) be placed at an angle of sixty degrees. These

may be extracellular. The larger forms meas-

ure 3 to 5 micra and contain a small chromatin nucleus.

As the mortality of the disease is very great, no inoculation

experiments on human beings have as yet been made, though it

is possible to infect rabbits with blood drawn from fatal cases.

At the present stage of investigation of the disease the method of

infection seems to be through a tick of the genus Dermacentor,

as there is usually a history of a tick-bite before the development

of the disease, and as ticks have been shown to carry the para-

site of the Texas cattle fever. Differential counts of the leuco-

cytes show no changes from the normal relations. The red cells

are usually considerably reduced in number, the lowest counts

being about 3,500,000. The normal in these regions, owing to the

high elevation, is about 5,500,000.

^ Wilson and Chovming : Journal of the American Medical Association, 1902,

vol. xxxix, p. 131. Anderson: Bull. 14, Hygienic Laboratory, Public Health

and Marine Hospital Service of the U. S., 1903. Ch. W. Stiles, Proc. N. Y.

Path. Soc, Nov., 1904, states that he was unable to demonstrate the parasite.
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Vni. BACTERIOLOGY OF THE BLOOD

The bacteriological examination of the blood ^ presupposes a

working knowledge of the methods of bacteriology, and requires,

if the results are to be of the slightest practical or scientific value,

a great deal of time and careful work. The application of this

method to the study of the blood is therefore usually beyond

the means of the practitioner, and belongs more properly to the

domain of pure bacteriology.

TECHNIQUE OF BLOOD CULTURES

The quantity of blood required is from five to twenty c.c, so

that it is necessary to obtain it from a blood-vessel and not by
an incision of the skin. The common practise is to puncture the

median cephaHc or the median basilic vein on the flexor surface

of the arm.

The skin over this area should be thoroughly cleansed with

tincture of green soap, hot water, and a sterile brush, and then

with alcohol. A gauze compress wet with 1 to 1,000 mercuric-

chloride solution is fastened over the surface with a bandage in

order to complete the superficial disinfection. If possible, this

should be left on for twelve to twenty-four hours.

Results which are beyond criticism as regards accidental con-

taminations can only be obtained by incising the skin over the

vein which is to be punctured, because it is not possible to sterilize

the deeper layers of the epidermis, and the staphylococci which

normally inhabit this layer of the skin may be transferred from

the needle to the culture media. Many workers, however, have

found that with sufficient care in the preliminary disinfection

contaminations do not occur to any great extent, and as the

staphylococcus albus does not usually incite general infections, a

few colonies present in the cultures may be considered as contam-

inations.

The syringe should be one which can withstand the action of

^ The best monograph on this subject is that of Lenhartz : Die Septischen

Erkrankungen, Vienna, 1903. A short review by Rosenberger will be found

in the proceedings of the Path. Soc. of Phila., N. S., vol. vi, p. 158. See also

Lenhartz: Diagnost. Werth d. bakt. Blutuntersuchung. Intemat. Beitrage

z. innere Med., 1902, p. 327.
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either dry heat at 150° C. for an hour or boiling in 1 per cent,

sodium carbonate solution for fifteen minutes, as boiling in water

without the addition of the alkali will not kill the resistant

spores which are often present in syringes washed in tap water.

The Liier syringe is perhaps the best form for this purpose,

though excellent instruments with asbestos packing are in the

market.

It is of advantage to have the needle of hardened platinum so

that it can be burned off in a flame before plunging through the

skin. It is convenient also to keep several Liier syringes packed

in large test tubes plugged with cotton and ready sterilized, the

point of the needle being protected from injury by a mass of sterile

cotton. Sterilization of the syringe with either carbolic acid or

bichloride is inadmissible even though the antiseptic be washed

out with sterile water.

In order to distend the vein an elastic bandage is placed about

the arm, and the needle is plunged into the vessel against the

direction of the blood current. In cachectic persons it is often

necessary to find the vessels by palpation, as they can not be dis-

tended sufficiently to show under the skin. When the needle

enters the lumen there will be a spurt of blood into the cylinder

of the syringe and only gentle aspiration is necessary to obtain

a considerable amount of fluid. If the needle is not sharp the

vein frequently rolls under its point and escapes puncture.

The blood so obtained is now divided among a series of tubes

containing melted agar at a temperature of 45° C. The amount
in each depends somewhat upon the organism looked for, as, for

example, the gonococcus requires a large percentage of blood

serum in order to grow on agar, while an abundant strepto- or

staphylococcus infection may give numerous colonies from only a

few drops of the blood. The blood and agar in the culture tubes

are mixed as quickly as possible and poured into Petri dishes and

placed in the incubator. Some observers prefer to dilute the

blood in a series of culture tubes or Erlenmeyer flasks containing

a large quantity of sterile bouillon, when examining the blood

of typhoid fever cases, the purpose being to avoid the bactericidal

action of the shed blood; but, as a rule, the bacillus can be success-

fully isolated in agar cultures.

Anaerobic cultures should be made when infections by the

Bacillus aerogenes capsulatus or other anaerobic bacilli are sus-
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pected. Such organisms have been most frequently found in

puerperal sepsis.

When only a few colonies are obtained from a large quantity

of blood, the question may arise as to the possibility of the colonies

being derived from the skin or from the air. It is wise to discard

all superficial colonies for this reason. If the colonies are deep

and are on several plates, contamination may be ruled out. If

a few colonies of two species are found a mixed infection may be

present. Such mixed infections are, however, very rare, and if one

or both of the organisms are such as may be derived from the skin

the results must be interpreted with great caution.

For the details of the identification of the various infectious

agents, the reader is referred to the standard text-books on bac-

teriology.

RESULTS OF BLOOD CULTURES

In general infections with the streptococcus pyogenes the or-

ganism can be demonstrated in the blood in a considerable propor-

tion of the cases, depending upon the site of the process. For

example, in mycotic endocarditis due to the streptococcus, the

organism can be obtained from the circulation in nearly all the

cases, if not less than ten c.c. of blood are used and the examination

is frequently repeated.

In puerperal sepsis only about one-fifth of the cases show the

bacteria in the blood, that is, at least one bacillus to the fifteen

or twenty c.c. of blood used in making the culture.

The specific organism can be isolated in from one-fifth to one-

fourth of the cases of other types of sepsis due to the strepto-

coccus.

The results obtained also vary with the observer, some re-

porting very few positive findings, others obtaining the organism

in almost all cases. Cases with metastases in the joints or organs

give a large proportion of positive findings.

Lenhartz reports five recoveries out of twenty cases in puerperal

sepsis when the streptococcus had been found in the blood, while

of seventeen other streptomycoses, three recovered.

The prognosis of streptococcus sepsis is not always bad. One-

half of Bertelsmann's cases recovered, though other observers

have noted that from 90 to 95 per cent, are fatal.
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The streptococcus has also been found as a secondary infective

agent in some of the eruptive fevers. It has been demonstrated

in the blood of from 10 to 15 per cent, of persons suffering from

scarlatina. 1 In the first few days of the disease and in the fulmi-

nating cases streptococci have not been found. The bacteriaemia

is apparently an agonal phenomenon and the streptococci are not

considered to be the specific incitants of the disease. The prog-

nosis of those cases in which streptococci can be demonstrated in

the blood is extremely bad.

The streptococcus has been found with considerable frequency

in diphtheria and variola, chiefly in the fatal cases.

The same conditions apply to the staphylococcus infections as

to the infections with streptococci as regards localization of the

organisms favoring bacteriaemia; cases of endocarditis, osteo-

myelitis, or pyaemia due to the staphylococcus very often give

positive blood cultures. In localized infections, however, the

organisms are obtained in only a very small proportion of the cases

examined.

The prognosis of a staphylococcus infection is much worse

than that of a streptococcus. In seventeen cases Lenhartz re-

ports sixteen deaths; Libman reports twenty-six cases with nine-

teen deaths.

The pneumococcus has been occasionally isolated from the

blood in cases of sepsis due to this organism and not accompanied

by pneumonia, the usual site for the process being the valves of the

heart.

The pneumococcus can be demonstrated in the blood in a large

proportion of cases of lobar pneumonia, but usually late in the

disease and chiefly in fatal cases. Occasionally, however, the or-

ganism can be demonstrated as early as the second day after the

chill. Rosenow ^ has obtained positive results in seventy-seven

out of eighty-three cases examined, and in two others in which the

cultures remained sterile, pneumococci could be demonstrated in

smear preparations made directly from the blood. Prochaska ^

has also been able to demonstrate the pneumococcus in all cases

he examined, some fifty in number.

1 Jochmann : Deut. Arch, f . klin. Med., 1903, Bd. Ixxviii, p. 209 (Literature).

Hektoen : Journal of American Med. Ass'n, 1903, vol. xl, p. 685.

2 Trans, of the Chicago Path. Soc, 1903, vol. v, p. 265.

3 Deut. Arch. f. klin. Med., 1901, Bd. Ixx, p. 559.
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Cole,i on the other hand, was able to find the coccus in only

30 per cent, of severe cases of pneumonia. Lenhartz obtained

positive results in 30 per cent, of the eighty-three cases he ex-

amined.

One-half of the cases in whose blood pneumococci were demon-

strated died.

As a rule, the number of bacteria present is not large when com-

pared with the abundant findings of strepto- and staphylococci in

the blood of septicaemia ; but exceptionally from fifteen hundred to

twenty-seven hundred ^ cocci to the cubic centimeter have been

found before death. After death they may be present in enormous

numbers, due to post-mortem growth.

The presence of the pneumococcus even in large numbers in

the blood does not necessarily seem to be of unfavorable prognos-

tic significance if we take the reports of Rosenow and Prochaska;

but Cole and Lenhartz are inclined to regard the finding of the germ

a matter of grave import.

As an aid to diagnosis, blood cultures in pneumonia are of

comparatively slight value except in pneumonias of old people,

where the physical signs are often obscure and the pneumococcus

frequently invades the blood in considerable numbers. A frank

case of lobar pneumonia can be diagnosed much more quickly and

certainly from the physical signs than from blood cultures.

In a few cases the colon bacillus has been isolated from the

blood in considerable numbers. The gonococcus has also been

found. -^ Other bacteria which have been isolated from the blood

during life are the tubercle bacillus, bacilli of anthrax and glan-

ders, Friedlander's bacillus, Bacillus aerogenes capsulatus. Bacillus

pyocyaneus,^ and the paratyphoid bacillus. The bacillus of lepra

has been demonstrated in smears. The Bacillus pestis is present

in the blood of a large number of cases a few days before death,

but not sufficiently early to replace other diagnostic methods.^

1 Johns Hopkins Hospital Bull., 1902, vol. xiii, p. 136.

2 Fraenkel : Fest. f. v. Leyden, 1902, Bd. ii, p. 111.

^ Thayer and Blumer : Bull. Johns Hopkins Hosp., 1896, vol. vii, p. 57. See

also Loeb: Deut. Arch. f. klin. Med., 1900, Bd. Ixv, p. 411.

^De la Camp : Zur Kenntniss d. Pyocyaneussepsis. Charite Annalen, 1904,

Bd. xxviii, p. 92 (Bibliography).
* Calvert : Cent, f . Bakt. 1903, Bd. xxxiii, p. 247. See also Atkinson : Lancet,

January, 1901, p. 231.
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The influenza bacillus is said to have been obtained from the

blood in a number of cases suffering from the grippe by Canon/
but the results have been questioned. Jeahle ^ claims to have

been able to isolate the same bacillus from the blood of persons

suffering from the eruptive fevers. In scarlatina the bacillus was

found in twenty-two out of forty-eight cases, in measles in fifteen

out of twenty-three, and in varicella in five out of nine. These

results, however, need further verification.

The typhoid bacillus has frequently been obtained from the

blood. Coleman and Buxton ^ have found that the bacillus has

been demonstrated in 75 per cent, of five hundred and fifty-six

cases personally observed or collected from the literature of the

subject. Classification of the findings by stages of the disease

shows

:

1st week, bacilli found in the blood in 93 per cent.

2d week, bacilli found in the blood in 76 per cent.

3d week, bacilli found in the blood in 56 per cent.

4th week, bacilli found in the blood in 33 per cent.

Later than the fourth week, 18 per cent.

The preponderance of evidence seems to be that the typhoid

bacillus disappears from the blood about the end of the third

week in the majority of cases. Out of nineteen relapses the bacilli

reappeared in sixteen. The bacteriological examination was posi-

tive with a negative Widal reaction in 10 per cent, of the five hun-

dred and fifty-six cases.

DIAGNOSTIC VALUE OF BLOOD CULTURES

The routine use of blood cultures in the study of cases of infec-

tion frequently furnishes results of great value from a diagnostic

point of view if the specific organism can be isolated; but, unfor-

tunately, the technical difficulties which underlie the isolation and

identification of the bacterial parasites in the blood limit the appli-

cation of the method to hospitals and well-equipped private labo-

ratories.

It is a waste of time to inoculate a single culture tube with a

^ Deut. med. Woch., 1892, p. 28.

2 Zeit. f. Heilkunde, 1901, Bd. xxxii, p. 190.

3 Proceedings of the N. Y. Path. Soe., N. S., 1904, vol. iv, p. 10. See also

Ruediger: Trans. Chicago Path. Soc, 1903, vol. v, p. 187.
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few drops of blood and to attempt to draw conclusions from the

morphological appearances of the bacteria so obtained or from

their agglutinative reactions. The only way to avoid error is to

plate large quantities of blood and then determine by subcultures

on various media the biological characteristics of the organism.

The agglutinative reactions used to identify the organism must

be tested not only with serum derived from the patient, but also

with serum of high valency produced by animal inoculations, to

avoid errors due to the collateral agglutinins.

The possibility of contaminations derived from the skin renders

the final determination of the etiological relationship of one of the

pyogenic cocci a matter of great difficulty. The greater the care

taken in the disinfection of the skin, the fewer will be the positive

results obtained. The beginner will be disappointed by the large

number of negative results which occur despite the most elaborate

technique, even in cases of undoubted sepsis.

IX, SERUM REACTIONS

A. AGGLUTIxNATION REACTIONS

GRUBER-WIDAL REACTION IN TYPHOID FEVER

The blood or blood serum derived from persons suffering from

typhoid fever, or during convalescence from that disease, will,

as a rule, cause the clumping and loss of motility of typhoid bacilli.

This phenomenon may be observed when the serum is added in

small quantities to the fluid containing the bacilli.

The exact cause of this clumping is still unknown, but it is

assumed to be due to a reaction between the bacteria and an im-

mune body or bodies (the agglutinins) circulating in the blood

and formed by the action of the typhoid bacillus or its products,

on the somatic cells during the course of the disease. The aggluti-

nating substance causes in vitro the formation of clumps of ty-

phoid bacilli when it has developed in sufficient concentration in

the blood in a case of typhoid infection. The exact nature of the

interaction between the bacilli and the immune substances has not

been fully determined.

^

^ An excellent resume of the recent theories may be found in Kohler : Das
Agglutinationsphanomen. Klin. Jahrbuch, 1901, p. 130 (Literature). See

also Widal et Sicard : Annales de I'lnstitut Pasteur, 1897, t. xi, p. 353.
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TECHNIQUE

In order to obtain constant results in carrying out agglutina-

tion tests for typhoid fever it is necessary to use

:

a. A standard culture of the typhoid bacillus.

h. Bouillon cultures of this bacillus grown for about fifteen

hours at a fixed temperature, preferably 37° C.

c. Approximately equal numbers of bacilli from the fresh

cultures for each test.

d. Bouillon of constant composition with a neutral reaction

as determined by titration, using phenolphthalein as

an indicator.

PRESERVATION AND TRANSPLANTATION OF THE STANDARD

CULTURES

Some standard culture of the typhoid bacillus should be em-

ployed of known agglutinating power, such, for example, as that

of Pfeiffer, in order to obtain results which can be compared with

those of others working the same bacillus. Different cultures

react equally when mixed with the same agglutinating serum,

and the best and sharpest reactions seem to be obtained by using

an organism which has been cultivated through a number of gen-

erations on artificial media, rather than a fresh, virulent culture

just obtained from a case of typhoid.

A series of subcultures of the standard bacillus should be made
on slant agar, and, after burning off the cotton plugs, the tubes

should be closed with paraffin or sealing wax. The bacilli in such

tubes keep alive for an indefinite period if kept in a cool, dark

place.

When necessary a fresh stock growth on slant agar should be

made from one of the reserve tubes ; and from this a tube of broth

is to be inoculated and allowed to remain in the incubator for

about fifteen to twenty-four hours. Some observers prefer a

slightly lower incubator temperature than ordinary, say 34° to 35°

C, or even room temperature, claiming that the motility of the

growth is greater under these conditions, but this usage is not

general. Transplantations should not be made from one broth

tube to another, but always from the agar culture to broth, as
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pseudoclumping is apt to occur after several successive bouillon

transplantations.

Pseudoclumping is also seen in some cultures which have

grown in the incubator, and care should be taken to use only

broth cultures in which the bacilli are distributed so as to pro-

duce an even clouding of the fluid, and also to avoid using any of

the bacilli from the pellicle which may form on the surface.

Different specimens of typhoid bacilli vary greatly in this regard,

the formation of these clumps being due, apparently, to a simple

mechanical adherence of the bacilli to each other.

Equally satisfactory results may be obtained by simply shak-

ing up the moist bacterial growth, removed from the surface of

the fresh agar culture, in broth or sterile physiological salt solu-

tion (0.85 per cent.), allowing the coarser particles to subside and

using the mixture thus obtained ; but careful controls are necessary

to avoid errors, because of the pseudoclumping which may appear

in such a mixture.

Cultures killed by formalin, thymol, or other preservatives,

have been used by a number of observers with excellent results; ^

but there are some disadvantages inherent in this procedure, the

chief of which is the absence of motility of the bacilli. The in-

hibition of the motility in live cultures is a most important factor

in judging the completeness of the Widal test, and in differentiat-

ing pseudo-reactions.

It is always necessary to use an emulsion or culture containing

about the same number of bacilli in performing an agglutination

test, for the reaction may be considered as a titration method to

determine the amount of agglutinin present in the blood, using

typhoid bacilli as an indicator. If the number of bacilli present

in the fluid tested is small, they may be clumped by a very small

amount of a non-specific agglutinin, such as might be present,

for instance, in normal human blood. If, however, the number

of typhoid bacilli present in the serum is large, the normal agglu-

tinins or the collateral agglutinins incited by other species of bac-

teria which are capable of affecting typhoid bacilli are absorbed

^Proscher: Cent. f. Bakt., 1902, Bd. xxxi, p. 400. Lion : Miinch. med. Woch.,

1904, p. 909. Gramann : Senim Diagnosis in Typhoid by Ficker's Medium.

Deut. med. Woch., 1904, p. 804. Ruediger : Journal of Infectious Diseases,

1904, vol. i, p. 236. Meyer : Ficker's Typhusdiagnosticum, Berl. klin. Woch.,

1904, p. 166.
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in less proportion by the typhoid baciUi present and rendered

relatively inert. As each typhoid bacillus has absorbed only a

very small quantity of the non-specific or collateral agglutinin, it

continues to be motile and is not agglutinated unless the serum
is of considerable power.

OBTAINING THE BLOOD OR SERUM

The blood may be obtained by puncturing the finger or the

ear with a Hagedorn needle, the puncture being rather deeper

than that usually made for blood counts, as a number of drops are

needed. The whole blood may be immediately diluted in a

Thoma-Zeiss mixing pipette with culture broth or 0.9 per cent,

salt solution; or several large drops may be allowed to collect in

a small test tube or bottle and the clot allowed to separate from

the serum, which will occur at the end of a few hours.

If much serum is required, it is easy to get large amounts by
first distending the superficial veins of the arm by a bandage

and then puncturing the vein directly through the skin, either

with a Hagedorn or with a hypodermic needle; in the latter case

the blood will flow through the lumen of the needle and may be

received in a suitable vessel. Ten c.c. can easily be collected in

this way. It is well to sterilize the needle after using, as typhoid

bacilli may be present in the blood.

If the serum is to be kept any length of time it can be sealed

up in the small capillary tubes used for vaccine lymph. Even if

the tube is not sterile the agglutinating power is retained for

considerable periods, varying in blood obtained from different in-

dividuals, and according to the method of preservation (cold or

chloroform). After a month the strength of the serum may be

considerably diminished, often to one-fourth or even one-tenth

of the original titer.

i

Blister fluid also gives the reaction and can be easily obtained

by applying a small cantharides blister, one to two cm. in diameter,

to any convenient portion of the body. In about twelve to eight-

een hours enough serum will have collected in the blisters ; and the

fluid can be collected in capillary tubes and sealed, or diluted and

used immediately.

1 Puppel : Cent. f. Bakt., 1900, Bd. xxviii, p. 877.
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DILUTION OF THE WHOLE BLOOD

This may be carried out immediately in a Thoma blood mixing

pipette, as stated above, remembering that as the red cells form

half the bulk of the blood the dilution should be only half that

used when diluting serum. In other words, instead of diluting the

blood 1 to 20, dilute it 1 to 10. In a drop of this 1 to 10 mixture

the plasma which forms half the bulk is diluted 1 to 20, as the

red cells may be considered for practical purposes as not giving

up any of the agglutinating substances, as the solutions used in

dilution are approximately isotonic and the corpuscles are not

laked. When this 1 to 10 blood dilution is mixed with a drop

of typhoid emulsion of equal size, the final dilution of the plasma

is 1 to 40. Or, if preferred, the blood may be centrifuged before

it has time to clot, and the clear plasma thus obtained diluted

in the proper proportions.

DILUTION OF THE SERUM

The dilution of serum which should be used in order to avoid

diagnostic errors, is 1 to 60, but mixtures of 1 to 20 and 1 to 40

should be made at the same time and also examined. Broth or

physiological salt solution should be employed as a diluent, for the

reactions are not so delicate when distilled water is used, the

reduction in the salt concentration probably affecting the result.^

The pipette used should be most carefully cleaned after each case,

for if a very small trace of a serum with high clumping power

were left, it would contaminate the serum which follows and
cause a false reaction. Some observers, therefore, prefer to use

small capillary pipettes which can be thrown away after using.

A simple form of diluting apparatus can be constructed from

ordinary glass tubing by drawing out portions into fairly fine

capillary tubes. The tubes so prepared are calibrated for use

either by marking point 1, corresponding to the space occupied

by a small drop of fluid which has been drawn into the pipette,

and then measuring off thirty-nine divisions further, and mark-

ing this 40; or by drawing up a known quantity of colored fluid

and then forty times that amount, both quantities having been

^ Joos : Mechanismus der Agglutination, Zeit. f . Hygiene, 1902, Bd. xl, p. 203.

17
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/
20

Fig. 63.—Pi-
pette FOB
WiDAL, Re-
action.

previously measured by accurate standard pipettes. Either a

wax pencil or water-proof drawing ink may be used.

The blood or serum is first drawn into this

tube to the first mark, then the broth typhoid cul-

ture is drawn up to the point 20 or

40, and the contents of the pipette

blown out upon a slide and covered

with a cover glass.

For the high dilutions now used it

is better to purchase a number of small

calibrated pipettes holding ten or

twenty cubic millimeters. The serum

is measured off in one of these and

diluted with broth or salt solution

delivered from another and larger pi-

pette. One drop of the diluted serum

and a drop of the broth culture of

typhoid bacilli are mixed together on

a cover glass and inverted on a hollow

slide.

An excellent form of pipette ^ for

making accurate dilutions of serum is

shown in Fig. 64. The chief advan-

tage of the instrument is that after

each dilution has been made it is

ready for further dilutions without

cleansing. The method of employing

the pipette is as follows: A rubber

tube and mouthpiece having been

slipped over the upper end, the pipette

is filled with saline solution or broth

up to the mark desired for the in-

tended dilution. The pipette is now
laid horizontally and the fluid to be diluted is

allowed to flow into the pointed end from a fine

capillary tube until the highest graduation is

reached. The contents are then blown into a watchglass and

used with an equal bulk of broth culture to carry out the agglu-

^ Durham : A Pipette for Diluting Senim, Journal of Hygiene, 1903, vol. iii,

p. 380.

Fig. 64.—Dur-
ham's Dilut-

ing Pipette.
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tination. The expulsion of the fluid from the pipette secures the

sufficient cleansing of the instrument for clinical work, as the

inert salJne solution following the serum to be diluted, washes out

the capillary bore. It is not necessary to cleanse the instrument

further, as tests with serum of high agglutinating power have

shown that no error need be expected from traces of the original

serum remaining in the tube.

DRIED-BLOOD METHOD

Blood for WidaFs test is often furnished, especially to munici-

pal laboratories, dried on glass or paper. The accurate dilution

of such dried blood is impossible. The best practical method

is to put ten drops of water on the drop of blood, stir up and dis-

solve the crust, and consider such a dilution as 1 to 10. Then

mix this 1 to 10 blood with a drop of equal size of a broth typhoid

culture. The results obtained do not compare in accuracy or

reliability with those furnished by the serum or blood dilution

method.

MICROSCOPIC REACTION

In order to observe the clumping of the bacteria a drop of the

mixture is placed in the center of a cover glass and the latter in-

verted over a hollow ground slide, the edges of the concavity hav-

ing been previously smeared with

vaselin or immersion oil to pre-

vent the cover sliding off and also

to avoid evaporation and air cur-

rents in the chamber. It is well

to warm the hollow slide slightly

over a flame before putting on the

cover, as otherwise the vapor

from the warm broth culture will

condense on the slide and inter-

fere with the direct light from the

condenser of the microscope. A ^ ^^ ^ .r, z: , , • cu a^ Fig. 65.

—

Control. 1 he field is filled

dry lens of 4 to 5 mm. focus is the with actively motile bacteria.

most convenient for this purpose,

and artificial light is better than daylight. A control hanging-

drop preparation of the culture should always be made first, to see
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if the bacilli are evenly distributed and not collected in pseudo-

clumps. Then the mixture is to be examined.

In order to find the bacilli, run the lens down as close as pos-

sible to the upper surface of the cover glass with the coarse ad-

justment, and preferably near the edge of the drop, then reduce

the light to a minimum, and focus slowly upward with the fine

adjustment. In this way there is no risk of plunging the lens

through the cover glass and contaminating it.

TYPES OF REACTION

The reaction is complete if the bacilli are clumped and immo-
bilized in a few minutes. With a complete reaction the field of

the microscope will be cleared of all motile bacilli in a few minutes.

At the end of a few hours the outlines of the individual bacilli

in a clump will become indistinct.

In weak reactions, however,

though clumping may have taken

place, all the bacilli between the

clumps may not become entirely

immobilized, but retain some
slight motion. If prompt clump-

ing with complete loss of motility

takes place at 1 to 60 in one hour,

the blood is in 98 per cent, of the

cases from a patient who has or

has recently had typhoid.
Fig 66. -Imperfect Reaction A

jf ^ ^^^^ clumping takes
few clumps are formed, but the ^ x o

motility of the bacilli persists. place m a few minutes at 1 to 20

or 1 to 40, the disease is probably

typhoid, but occasionally, especially in acute miliary tubercu-

losis, very suspicious pseudoclumps may be produced in a 1 to 40

or even in a 1 to 60 dilution. These clumps due to acute tuber-

culosis vary slightly from those of typhoid, as the bacilli retain

their motility along the edge of the clump for a long time, and

often cause the clump to rotate slowly in the fluid, while in typhoid

motility ceases early (Figs. 67 and 68).

While in general it may be said that a positive agglutination re-

action in fifteen minutes with serum diluted 1 to 10 is equivalent
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to that obtained by a 1 to 20 solution for half an hour, or a 1

to 40 for an hour, yet any one who has worked with the Widal

reaction will have noted the fact that the serum from certain

cases of typhoid fever gives no agglutination at 1 to 10 or 1 to 20,

but causes marked clumping when the serum is still more diluted,

for example, to 1 to 60 or 1 to 100. The exact explanation of this

Fig. 67.

—

Complkte Reaction. The Fig. 68.

—

The Type of Agglutina-
bacteria are collected in large tion seen in Tuberculosis.
masses, and the few which remain Clumping takes place, but the bacilli

between the clumps are not motile. forming the clumps retain their mo-
The outlines of the bacilli are not tility and, projecting from the per-

sharply marked in the hanging-drop

;

iphery of the mass of agglutinated

but if the preparation is allowed organisms, give a rotary motion to

to dry on the cover glass and then the clump. The bacilli which are

stained, the bacteria will be seen to not agglutinated retain a well-

have preserved their normal shape. marked motility.

phenomenon is not as yet known. By some i
it is considered to

be due to the rapid paralysis and subsequent lysis of the bacteria

by the action of the bacteriolytic substances in the blood; others

have assumed the presence of proagglutinoid substances which
unite with the agglutinable bacteria and prevent the action of the

true agglutinins.2 The practical fact which we may derive from
the phenomena mentioned above is that all Widal tests should be

made in a series of dilutions, using at least 1 to 20 and 1 to 60 for

clinical diagnosis. If the reaction even in early cases is inhibited

at 1 to 20, further tests will at times show characteristic clumping

at 1 to 60.

1 Volk u. de Waele : Wien. kiln. Woch., 1902, p. 1305. Hiss: (oral com-
munication).

2 Eisenberg u. Volk : Wien. klin. Woch., 1901, p. 1221,
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MACROSCOPIC REACTION

The method just described for observing the process of aggluti-

nation in a hanging-drop preparation under the microscope, is that

most generally used for diagnostic purposes. It is also especially

convenient because the reaction can be carried out with small

quantities of serum and requires only simple apparatus. The

phenomena of agglutination as observed under the microscope are

sharp and the differences between a complete Widal reaction and

one of the pseudo-reactions may be noted after very slight expe-

rience. For scientific purposes, however, it is often important to

use another technique, the so-called macroscopic method, per-

formed in small test tubes, in which the agglutination is observed

by a hand lens.

The technique is as follows: About two c.c. of blood should

be obtained and allowed to coagulate in a small bottle or other

suitable receptacle lying horizontally. After a firm coagulum is

formed, the bottle is placed vertically in a cool place and the

serum which is extruded from the clot is allowed to collect at the

bottom. After twenty-four hours a considerable bulk of serum is

ready for dilution. A measured amount, for example, one-half c.c,

is placed in a small test tube ^ and diluted with nine and one-half

c.c. of physiological salt solution, thus giving a final dilution of

1 to 20 when mixed with an equal bulk of bacterial emulsion.

Similar dilutions are then made from this of 1 to 40, 1 to 60, and 1

to 100. To each of the series of test tubes containing the diluted

serum is added an equal bulk of an emulsion of typhoid bacilli in

physiological salt solution. ^ This emulsion is made by pouring

the saline fluid into a culture tube containing a fresh growth of

typhoid bacilli on slant agar. The bacteria are then mixed with

the salt solution by rubbing the culture off the surface of the agar

with a platinum loop, and after the coarse particles have settled

the bacterial emulsion is ready to be added to the test tubes con-

taining the serum diluted for the reaction.

All of the glass utensils employed in the macroscopic aggluti-

^ Convenient tubes for this purpose measure 1 1 cm. in length with a lumen
of 7 or 8 mm.

2 This is preferable to a bouillon culture, as there is less nutrient material

present, and the clumping is not obscured by a rapid growth of bacteria in the

medium.
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nation method should be sterilized by dry heat to 150° C. Pi-

pettes used in measuring out typhoid emulsions should have a cot-

ton plug inserted in the lumen a few centimeters below the upper

end. This prevents contamination of the culture by the saliva

and diminishes the risk of mouth infection should the fluid be

drawn too high. A stiff rubber bulb may also be used to aspirate

the fluid into the pipette. The bulb should have a perforation

which is closed by the finger while suction is being made.

Another method which avoids the pipetting of typhoid cultures

—a procedure which is always hazardous—is to make up dilutions

of the serum, 1 to 40, 1 to 60, and 1 to 120, and then inoculate

each one of the test tubes containing this serum with a loopful of

typhoid bacilli scraped from the surface of a twenty-four-hour

agar culture. To do this the loop carrying the mass of bacteria

should be rubbed against the inner surface of the test tube just

above the fluid, and then by gently inclining the tube the emulsion

can be rubbed up with small quantities of the diluted serum, and

finally the whole thoroughly stirred with the loop. The tubes

containing the serum and bacteria are placed in the incubator

for one hour. At the end of this time they should be examined

with a hand lens, holding the tube so that light falls obliquely

through it.

The granular appearance of the flocculi of the agglutinated

bacteria can be easily recognized with the naked eye or with a

hand lens by an experienced observer, but the beginner should

always learn to recognize the agglutination by flrst working with

a typhoid serum of known agglutinating power.

Control tubes of the emulsion of the bacilli, one of which

should be placed in the incubator at the time of making the test,

should remain opalescent and equally cloudy throughout during

the time of observation. The deposit which may form at the

bottom of the control tubes or those containing the serum has

nothing to do with the agglutination.

In working with a bacterial culture, the limits of whose agglu-

tinating reactions are not known, it is also necessary to control

these tests with normal serum to determine the limits of what
may be called the normal agglutinins. Some typhoid bacilli seem
especially sensitive to the normal agglutinating power of the

serum, and the blood of some healthy individuals has been found

to agglutinate these bacilli even as high as 1 to 40 in an hour.
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TIME AND CONSTANCY OF APPEARANCE OF THE WIDAL REACTION

In a few cases the agglutinating substances appear very early

in the disease, so far as the day of the disease can be judged from

the. clinical symptoms, for it must be remembered that what is

loosely termed the first week of a typhoid fever may in reality be

much later in the course of the disease. The custom in vogue in

hospital work of considering the day upon which the patient takes

to his bed as the beginning of the disease may be sufficient for

practical purposes, but not for accurate statistics on the time of

appearance of the Widal reaction. It is much better to select the

first appearance of the eruption as denoting about the tenth day

of the disease, as Higley ^ has suggested, and compute the begin-

ning of the first week by this means. Inasmuch as the eruption

is not constantly present, this means of estimating the course of

the disease is not always applicable, and we must use the history

of the prodromal stage to obtain even approximate results.

In considering the first appearance of the reaction a great deal

depends upon the dilution used. One observer,^ using 1 to 50

dilution for two hours, obtained reactions in the first week in about

35 per cent, of his cases, while the writer, using 1 to 60 for one

hour, obtained positive results in not over 10 per cent, of the cases.

A considerable number of these cases, however, gave a good agglu-

tination at 1 to 20 in an hour; but such reactions can not always

be relied upon, as they may occasionally be found in normal blood,

in anaemia, tuberculosis, pneumonia, and sepsis.

In the second week the reaction is present in about 80 per cent,

of the cases, using a dilution of 1 to 60 for an hour, while during

the fourth week the remaining 8 or 9 per cent, give the reaction.

In the writer's experience the reaction at this dilution is absent

from not more than 1 or 2 per cent, of typhoid fever cases when the

blood is frequently tested during the course of the disease. If only

one or two examinations are made, the number of positive reactions

obtained falls much lower owing to the fact that the agglutination

appears to this degree in some cases of typhoid only for a few days

and then becomes much weaker.

1 Proceedings of the N. Y. Path. Soc, 1903, N. S., vol. iii, p. 87.

2 Tobieson: Zeit. f. klin. Med., 1901, Bd. xliii, p. 147.

1
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Gwyn's ^ results show the high average of 99.6 per cent, of

positive reactions obtained during the four weeks of the fever,

while Libman informs me that using dried blood and diluting

1 to 20, he has never seen a typhoid case which did not give the

reaction at some time during the course of the disease. In chil-

dren, Gerschel,2 using dried blood and a dilution of 1 to 20, reported

that 96 per cent, of the cases gave a positive reaction. Tests of

large groups of cases, chiefly by the dried-blood method,^ reported

by municipal laboratories, show that the reaction is obtained in

about 95 per cent, of cases considered as typhoid from the clinical

symptoms.

PERSISTENCE OF THE WIDAL REACTION DURING CONVALESCENCE

The blood of persons who have had typhoid retains its aggluti-

nating power for a considerable time, but the period varies a good

deal in individual cases.^ In children the reaction does not per-

sist so long as in adults.

The average time during which a 1 to 40 agglutination may
be obtained is probably less than a month, and the writer has

seen a number of cases in which the reaction has disappeared at

the end of three to six weeks, though the agglutinative power of

the blood had been high during the course of the disease. There

is no evidence, however, that the severity of the attack or the

degree of the agglutination during that period determines the pro-

longation of the reaction.

Cases in which the reaction persists for months or years are

probably due to a persistence of the infection. The gall bladder

frequently seems to be the site of lodgment of the bacilli which

continue the inciting process. It has also been shown that in

many cases of typhoid fever bacilli pass into the bile and can be

frequently demonstrated in the gall bladder at autopsy,^ or even

during or after convalescence. Cases have been published of the

isolation of typhoid bacilli from the gall bladder in patients suffer-

1 Johns Hopkins Hosp. Bull., 1900, vol. viii, p. 385.

2 N. Y. Medical Record, 1901, vol. Ix, p. 891.

3 Abbott : Annual Rep. Philadelphia Bureau of Health, 1899, p. 199 ; ibid.,

1900, p. 92 ; ibid., 1901, p. 107.

* Courmont : Semaine Medicale, 1897, vol. xvii, pp. 69 and 105.

5 In 70 per cent, of the cases, Pratt: Am. Jour. Med. Sci., 1901, cxxii, p.

584.
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ing from cholelithiasis, one seven years, the other eighteen years

after an attack of typhoid fever. ^ The Widal was positive in

both. A positive reaction has been found five and sixteen months

after a typhoid osteomyelitis.

^

AGGLUTINATION REACTIONS IN ICTERUS AND MIXED INFECTIONS

The blood of some patients suffering from icterus has the

capacity to agglutinate typhoid bacilli in a dilution of 1 to 40 at

the end of one hour. This phenomenon is not constant, and is

found in types of icterus due to different conditions. For example,

the writer has noted such agglutination in the blood of one case of

hepatic cirrhosis with slight jaundice but without cholecystitis,

as was shown post mortem. On the other hand, he has fre-

quently failed to obtain an agglutination 1 to 40 in cases of intense

jaundice."^ Zupnik has called attention to the frequency with

which the Widal reaction may be obtained in Weil's disease

though no typhoid infection exists.^ Concentrated human bile

has been shown ^ to be capable of agglutinating typhoid bacilli

in a 1 to 80 dilution, or even higher; but the injection of moderate

amounts of bile into the circulation or the production of icterus

by ligation of the common duct has not, in animals at least,

resulted in the production of high degrees of agglutinating power.

The present view is that the patient showing such an aggluti-

nation has had typhoid fever at some previous time, and that

the gall bladder has been infected by the typhoid bacilli with the

production of a chronic cholecystitis. This inflammation may
incite the formation of gall stones or cause jaundice by inducing

chronic inflammatory changes in the common duct with stenosis.

The stimulation of the production of agglutinating substances is

then continued by the action of the bacteria, either in the role of

^ Gushing : Johns Hopkins Hosp. Bull., 1898, vol. ix, p. 91. Miller: ibid.,

p. 95. Hunner : ibid,, 1899, vol. x, p. 163 (Literature). Osier: Trans. Am,
Assoc, of Phys., 1897, vol. xii, p. 378.

2 Elsberg: N.Y. Med. Record, 1897, vol. li, p. 510 (1 to 8 reaction in 15

minutes with dried blood). Thayer: Johns Hopkins Hosp. Bull., 1897, vol.

viii, p. 54.

^ See also Gilbert etLippman : Compt. Rend. d. la Soc. d. Biol., 1903, p. 1705.

^ Zeit. f . Heilkunde, 1901 , Bd. xxii, p. 334. Eckhardt : Miinch. med. Woch.,

1902, p. 1129.

^ Kohler: Das agglutinations Phanomen, Klin. Jahrbuch, 1901.
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a general infective agent, or by setting up a local process in the

gall bladder. 1

The fact that typhoid bacilli have been isolated from the gall

bladder years after an attack of fever, as stated in the previous

section, and that gall stones frequently contain bacilli, especially

those of the colon group, give color to this theory.

Primary typhoidal cholecystitis without a history of a previous

typhoid fever is also not unknown, so that some of the reactions

obtained in jaundiced patients may be due not to the jaundice,

but to a typhoid infection with cholelithiasis and blocking of the

common duct.^

An interesting case belonging to this group has been seen by

Norris.'^ The patient suffered for five years with gall-stone colic,

the last attack being accompanied by jaundice. An attack of

typhoid fever followed shortly after. The blood gave the Widal

reaction and the typhoid bacillus was isolated from the stools.

No further attacks of gall-stone colic or jaundice have occurred

since convalescence from the typhoid fever. Possibly this case

had a primary infection of the gall bladder with typhoid bacilli

followed by the production of gall stones, and a secondary infec-

tion of the intestinal tract inciting the typhoid fever.

Since the discovery of "collateral agglutinins,'^ the suggestion

has been made ^ that the agglutinative reaction is produced by

the general or local infection of the patient by other bacilli, es-

pecially by members of the colon-typhoid group. Such "col-

lateral agglutinins" are most frequently met with in infections

with the different members of groups of closely related bacteria,

but may even occur in infections with wholly unrelated bacteria,

such as the proteus, the tubercle bacillus, and even the staphylo-

coccus. It is not uncommon, as has been previously stated, to

meet with a 1 to 40 agglutination closely simulating a Widal reac-

tion in cases of pneumonia, miliary tuberculosis, and sepsis.^

^For an interesting case of this type, see Browne and Compton, Lancet,

J^03, vol. i, p. 1798.

2 Stewart : Am. Medicine, 1904, vol. vii, p. 1018 (Bibliography.)

3 Oral communication.
4 Kohler : Munch, med. Woch., 1903, p. 1379. Steinberg : ibid., 1904, p. 469.

5 Lommel : Widal Reaction 1 to 80 in Case of Puerperal Sepsis, Miinch. med.

Woch., 1902, p. 314; Megele : Widal Reaction in a Case of Liver Abscess due to

Staphylococcus, Miinch. med. Woch., 1903, p. 598; Lubowski u. Steinberg:

Deut. Arch. f. klin. Med., 1904, Bd. Ixxix, p. 396.
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Such reactions are, however, not regularly found in these con-

ditions, and animal experiments have shown that they can not be

constantly produced artificially. Some individual sensibility to

the action of the bacterial poisons may underlie the phenomenon.

Thus it is seen that it is often impossible to decide whether

the agglutinins causing the clumping of the typhoid bacillus are

due to the specific substances produced by that bacillus or to

collateral agglutinins due to infection with some other organism.

Sometimes the isolation of the specific organism by cultures from

the blood or stools will answer the question. If the infection is

due to some other organism, advantage can be taken of the ab-

sorption of the specific agglutinins by the bacteria producing them.i

If, for example, a streptococcus infection is suspected though

a Widal reaction is given, a considerable quantity of the patient ^s

serum should be obtained and a number of loops of a fresh strep-

tococcus culture added, and the whole set aside for twelve hours

at incubator temperature. The clear supernatant serum is then

poured off and the process repeated. The Widal reaction is then

carried out using typhoid bacilli. If the agglutinins are due solely

to the streptococcus, they will all be absorbed by that organism

and the typhoid bacilli will not be clumped. If the infection,

however, is due to typhoid bacilli, only the agglutinins affecting

the streptococcus will be absorbed and the typhoid bacillus will

clump at practically the original dilution.

The problem is the same when agglutination reactions are

obtained with two bacilli. For example, it is not uncommon to

find the serum of a characteristic clinical case of typhoid fever

clumping both the typhoid bacillus and B. enteritidis (Gartner)

at high dilutions. If the clumping of the Gartner bacillus is due

to collateral agglutinins produced by the typhoid infection, satu-

ration with typhoid bacilli will remove all agglutinating power

from the serum. Great care must be used in applying the method

generally, as the following illustrations will show. If the clumping

is due to a third bacillus which is not suspected, saturation with

the typhoid bacillus will remove the agglutinins for that organism

and then the serum will clump the B. enteritidis; or if the B.

enteritidis has been used to extract the specific substances, the

typhoid bacilli will be clumped. In neither case is the organism

used in saturation the inciting agent of the disease, and recourse

1 Castellani: Zeit. f. Hygiene, 1902, Bd. xl, p. 1.
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must be had to blood cultures to make a diagnosis during life.

Such complex agglutinins are rarely of high degree, and if the

serum is well diluted the organism causing the disease will gener-

ally be clumped while the others are not affected.

These tests have not as yet been made on a sufficiently large

amount of clinical material to warrant final conclusions; but in

the few cases reported they have been satisfactory from a diag-

nostic point of view.^

DIAGNOSTIC VALUE OF THE WIDAL REACTION

The late appearance of the Widal reaction in dilutions which

can be considered as absolutely diagnostic of the disease, makes it

generally of comparatively little value in the early diagnosis of an

active and well-marked case of typhoid fever, as a diagnosis und^r

these conditions can be made from clinical symptoms, and often

by making cultures from blood or stools, much earlier than from

the serum reaction. If, however, the clinician is himself in a

position to observe the agglutination test and to interpret it, very

suggestive results may be obtained during the first week by using

1 to 20 dilutions for an hour, though such agglutination reactions

can not be considered as positively diagnostic of typhoid fever;

they are merely highly suggestive of that condition. Used in

the same way, an agglutination of 1 to 40 in an hour furnishes a

probable diagnosis of typhoid fever in over 90 per cent, of the cases

and is therefore useful when the limitations of the reaction are

understood. A 1 to 60 agglutination in an hour with complete

loss of motility may be considered as practically diagnostic of

typhoid fever.

The Widal reaction is of especial value in the diagnosis of ob-

scure or ambulant cases of typhoid fever where the clinical symp-

toms may not be characteristic at any time during the course of

the disease. It is also of value in the diagnosis of typhoid fever

in infants, and especially in those cases in which the symptoms
referable to intestinal lesions are less prominent features of the

disease and the clinical picture is dominated by the symptoms of

a general infection.

The reaction is also useful in distinguishing between typhoid

fever and miliary tuberculosis, if sufficient care be used in differ-

^ For a recent summary of the subject, see Stober: Journal of Infectious

Diseases, 1904, vol. i, p. 445.
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entiating the agglutination due to infection by the tubercle bacillus

and that by the typhoid. A differential diagnosis between typhoid

fever and the obscure intestinal infections lasting only a few days,

which are often seen during the summer months, can often be made

by the Widal reaction.

SERUM DIAGNOSIS BY MEANS OF BACTERICIDAL ACTION

The use of the bactericidal action of the blood serum of typhoid-

fever patients has been suggested as a means for the diagnosis of

that disease, but the procedures required are so complicated that

the method must necessarily be limited in its use. It may be used

in cases where no Widal reaction is given and when it has been im-

possible to isolate the typhoid bacillus from the blood or stools.

The method ^ is as follows : Half a cubic centimeter of a twenty-

four-hour bouillon culture of typhoid bacilli which has been diluted

1 to 5,000, and half a cubic centimeter of either normal human
or rabbit serum diluted 1 to 10 with 0.85 per cent, salt solution,

are mixed in a test tube with one c.c. of the dilution of typhoid

serum to be tested. This serum should be diluted with 0.85 per

cent, salt solution, 1 to 2,000, 1 to 4,000, etc., up to 1 to 32,000.

This necessitates the preparation of five different test tubes, one

for each dilution. A control tube should also be prepared with

one c.c. of normal salt solution, one-half c.c. of the dilute culture,

and one-half c.c. of the normal rabbit serum. The " complement '^^

of the typhoid serum to be tested must be removed by heating the

fluid to 56° C. for half an hour, although when working with dilu-

tions over 1 to 10,000 it may be omitted, as the amount of " com-

plement " is too small to be of influence, and as in a considerable

proportion of the cases so far observed the bactericidal action was

noticed in 1 to 50,000 dilution, a preliminary test may be made at

this point.

After the tubes are prepared they are placed at 37° C. for

three hours and then, with the controls, mixed with melted agar

and poured into plates, which can be examined for growth twelve

^ Stern u. Korte : Berl. klin. Woch., 1904, p. 213.

^ This term is used to designate a substance (also called alexin) which is

present in the blood of both normal and immunized animals. It is this sub-

stance which, when joined with the bodies produced by immunization with

typhoid bacilU, for example, enables the immune body to exert its lytic action

on these cells.
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to twenty-four hours later. It is not necessary to enumerate

the colonies, the degree of bactericidal action being determined

by comparing the plates with controls. A marked reaction oc-

curs when only a few colonies develop. The reaction has been

noted as early as the eighth day of the disease in a 1 to 4,000 and

even in a 1 to 40,000 dilution. It has also been very well devel-

oped in cases not giving an agglutination 1 to 40. Its chief value

is in what may be called retrospective diagnosis, when it is im-

portant to decide whether a person has had typhoid fever at some
previous time, as the bactericidal action often persists for more
than a year after the disappearance of the agglutinative power of

the blood.

B. AGGLUTINATION REACTIONS IN DISEASES OTHER THAN
TYPHOID

PARATYPHOID INFECTIONS

A certain number of cases clinically resembling typhoid fever

do not give an agglutinating reaction with typhoid bacilli. From
some of these cases a group of bacilli has been isolated, the mem-
bers of which resemble typhoid bacilli in some of their cultural

characteristics. They differ from the latter, however, especially

in the formation of gas in glucose bouillon and by their serum

reactions. The blood serum of a patient suffering from infection

with one of these varieties will agglutinate the species isolated

from the patient's blood in high dilutions; but not all cases of

paratyphoid fever will agglutinate equally well with paratyphoid

bacilli isolated from different epidemics, though two general groups

may be distinguished by cultural and agglutinative properties.

It is necessary, therefore, in case no agglutination is obtained with

a typhoid bacillus, to secure members of both groups of the para-

typhoid bacilli as isolated by different observers, and carry out

agglutination tests with each one of the series. A high aggluti-

nation with any one of the varieties used indicates a probable in-

fection with that variety of bacillus.

^

^ See for further details on this subject, Schottmuller : Zeit. f. Hyg., 1900,

Bd. xxxvi, p. 368; Coleman and Buxton: Am. Jour. Med. Sei., 1902, vol.

cxxiii, p. 976; Johnston: ibid., 1902, vol. cxxiv, p. 187; Hewlett : ibid., p. 203;
Longcope: ibid., p. 209; Libman: Jour, of Med. Research, 1902, N. S., vol, iii,

p. 168; Bruns u. Kaijser, Zeits. f. Hyg., 1903, Bd. xliii, p. 401; Korte: ibic^,

1903, Bd. xliv, p. 243; Stober : Jour, of Inf. Dis., 1904, vol. i, p. 445.
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INFECTIONS DUE TO THE BACILLUS COLI COMMUNIS

General infections by the B. coli communis show a moderate

agglutinating power in the blood for fresh twenty-four-hour cul-

tures of the organism. The number of observations made is still

too few to allow conclusions of diagnostic value to be drawn from

the results.^

Colon bacilli, which have been assumed by some observers to

be the cause of acute intestinal infections, have been found to give,

especially in children, a very moderate agglutinative reaction in

the blood, generally not over 1 to 10 or 1 to 20 at the end of an

hour. This reaction is most marked when carried out with a

bacillus isolated from the intestine of the patient furnishing the

agglutinating serum. The reaction, however, is not constant,

and is rarely sufficiently high to avoid confusion with the normal

agglutinating power of human blood serum, which often acts upon
the colon bacillus in a dilution of 1 to 10.

INFECTIONS DUE TO MEMBERS OF THE DYSENTERY GROUP OF BACILLI

This group of bacilli contains at least three separate species,

differing from each other in their agglutinations and reactions

when grown upon sugar media. The bacillus originally isolated

by Shiga ^ from cases of endemic dysentery in Japan has been

shown to give a macroscopic agglutination with the blood of these

patients in dilutions even as high as 1 to 40 or 1 to 60 in an hour.

Pilsbury '^ found that the Shiga type of dysentery bacillus oc-

casionally agglutinates 1 to 100 in three hours, with the blood of

persons not suffering from dysentery, but that this agglutinating

power does not exist in the blood of infants. He concludes that

a prompt reaction under two hours with the Shiga type of bacillus

in dilutions of 1 to 20 in children, and 1 to 50 in adults who have

not recently suffered from intestinal disease, is suggestive of an

acute infection with the Shiga bacillus.

The Flexner ^ type of bacillus has also been found to agglutinate

in low dilutions with the blood of patients from whose stools this

bacillus has been isolated.

^ See for further details on this subject, Sailer : Diagnosis by Means of the

Serum of the Blood, Univ. of Penna. Med. Bull., 1902, vol. xv, p. 204.

2Deut. med. Woch., 1901, p. 741.

3 N. Y. Medical News, 1903, vol. Ixxxiii, p. 1078.

4 Bull. Johns Hopkins Hosp., 1900, vol. ii, pp. 39 and 231.
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WoUstein ^ found that an agglutination reaction was absent

in twelve cases out of thirty-three in which the Flexner type of

organism was isolated from the stools. ''Good reactions" (no

time or dilution given) were present in twenty-one, most fre-

quently from the fourth to the eighth day of the disease.

The third variety, the Bacillus '' Y" of Hiss 2 has not as yet been

tested sufficiently to determine its agglutination limits in clinical

cases of dysentery. The reaction only appears late in the course

of the disease and low agglutinations were observed in fatal and

also in very mild cases.

It is evident that, in the present state of our knowledge, aggluti-

nation reactions can not be used in the diagnosis of dysentery

until the relations between the disease and the different groups of

bacilli are more satisfactorily determined.

CHOLERA

A moderate number of tests have been carried out on the

agglutinating reaction of serum from cholera patients on the

specific bacillus, and such reactions have been found to appear

at a fairly early period in the course of the disease, and rise as

high as 1 to 40. Some cases, however, do not give the reaction.

The bacilli should be used in a salt solution suspension and not

in broth culture, as pellicle formation is very apt to occur in a

fluid medium.

A diagnosis can be made earher and more certainly by the iso-

lation of the bacilli from the stools and testing them with an im-

mune serum of high agglutinating power.^

PLAGUE

An agglutination of the plague bacillus has been observed

beginning with the second week of the infection and rising later

even as high as 1 to 40. The reaction, however, is of Httle prac-

tical value, since the diagnosis can be made much earlier by the

cultural isolation of the bacillus from the bubo or by the inocula-

tion of susceptible animals.

^

* Jour, of Med. Research, 1904, N. S., vol. v, p. 11.

2 Hiss and Russell : Proc. N. Y. Path. Soc, 1902, N. S., vol. ii, p. 157; also

Medical News, 1903, vol. Ixxxii, p. 289.

3 See Kolle u. Gotschild : Zeit. f . Hygiene, 1903, Bd. xliv, p. 1.

* Martini : Zeit. f . Hygiene, 1902, Bd. xli, p. 159.

18
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MALTA FEVER

The serum of patients suffering from Malta fever usually gives

a marked agglutination with the Micrococcus melitensis. The

reaction has been seen to occur in a dilution as high as 1 to 50,

or in some cases 1 to 300.^ Using emulsions of dead bacteria in

physiological saline solutions, the agglutinating power of the

serum may rise to 1 to 1,000 or more, if the mixture is left for

twenty-four hours at room temperature.

^

TUBERCULOSIS

The serum of a tuberculous patient is capable of agglutinating

tubercle bacilH ; ^ but inasmuch as negative reactions are frequently

met with and as agglutinations of B. tuberculosis can be obtained

with normal blood serum, the actual value of the reaction from

a clinical point of view is still much in doubt.^

PNEUMONIA

It has been shown by Bezancon and Griffon ^ that normal un-

diluted blood serum when inoculated with a culture of the pneu-

mococcus is diffusely clouded by a growth of the bacteria at the

end of about fifteen hours at 37° C. In the serum of persons

suffering from pneumonia the growth at the end of fifteen hours

does not cloud the fluid, and the bacteria can be found in the sedi-

ment which collects in the lower portion of the test tube in the form

of masses and chains, either in fresh or stained preparations. The

agglutination can usually be easily distinguished by the eye or

with a hand lens from the clouding in the normal serum. The

reactions have been observed as high as 1 to 50, but not in all cases

of pneumonia.

Wadsworth ^ has modified this procedure and has obtained re-

sults which are fairly constant by using a concentrated emulsion

of the pneumococci. He finds it essential to grow the organism

in a 1 per cent, peptone broth made from meat infusion which

has been carefully neutralized before boiling.

' Kretz : Wien. klin. Woch., 1897, p. 1076.

2 Basset-Smith: Brit. Med. Jour., 1902, p. 861.

^ Arloing et P. Courmont : Gaz. des hop., 1900, vol. Ixiii, p, 1467.

* See Loeb: Trans. Chicago Path. Soc, 1902, vol. v, p. 141.

5 Ann. de ITnst. Pasteur, 1900, vol. xiv, p. 449.

« Jour, of Med. Research, 1903, vol. x, p. 228.
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Two hundred c.c. of fluid in a flask is inoculated from a cul-

ture of the pneumococcus, and at the end of thirty-six hours the

fluid is centrifugalized, the clear fluid decanted, and the sediment

shaken up with fifteen c.c. of 0.85 per cent, solution salt. Dilu-

tions of the sera to be tested are then made in small test tubes

and observed for about twelve hours at 37° C. Marked reactions

may be complete in five or six hours.

The technical difficulties of the procedure are so great that the

method can not be used at present for routine diagnosis. The
physical- signs of the disease, also, precede the reaction by some
days, so that the demonstration of the agglutination is of im-

portance only in very obscure cases. More satisfactory results

from a diagnostic point of view may often be obtained by making

blood cultures.

C. PRECIPITIN REACTIONS IN BLOOD SERUM

NATURE OF THE REACTION

The experiments of Bordet,^ Tschistovitch,^ and Nolf,^ have

shown that when an animal is injected with the blood or blood

serum of another animal, new bodies are formed in the blood

serum of the inoculated animal. These bodies give rise to pre-

cipitates when mixed with the serum of the animal with whose

blood the injections were made.

The same phenomenon has been observed after the injection

of a large variety of proteid substances, both animal and vege-

table. The test animals injected with these substances furnished

a serum which precipitated a solution of the substance injected.

These precipitation reactions were originally considered as

specific for the variety of albumin injected or for the species of

animal or plant from which the albumin was obtained, but further

investigations have shown that not only are the reactions not

specific for the different types of albumin, but they are not strictly

specific for the given animal species, except under definitely

limited conditions. They may be considered rather as generic

in their action—i. e., precipitins obtained by injecting human

blood into the peritoneal cavity of a rabbit will give rise to

1 Ann. de I'Inst. Pasteur, 1899, vol. xiii, p. 240.

2 Ibid., p. 413.

3 Ibid., 1900, vol. xiv, p. 299.
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precipitates not only in human blood, but also in the blood of cog-

nate species of primates, the reaction being most marked in the

higher groups of apes and appearing but faintly in the more dis-

tantly related species. In the same way, sera obtained after in-

jecting beef blood into an animal will give a shght precipitate in

sheep and goat blood.

^

It is evident that this reaction may be of great value in the

study of blood stains from a medico-legal point of view. It has

also been applied to the investigations of albuminous substances

which appear in the urine either as the result of an inflammatory

process in the kidney or as a filtrate through the kidney epithe-

Uum following the ingestion of large quantities of proteid sub-

stances (so-called dietetic albuminuria).

PRODUCTION OF THE ANTISERUM

The fluid to be injected to produce an antihuman serum may
be blood obtained either from the placenta or at autopsy from

a case not dying of an infectious disease. It is not necessary to

inject the blood corpuscles to obtain a precipitation reaction, as

the serum contains the specific substances which incite the forma-

tion of the precipitating body. Instead of blood or blood serum,

exudates or transudates obtained from the pleural or peritoneal

cavities may be employed if these fluids are sterile. Albuminous

urine may also be used, though, as a rule, it is not entirely satis-

factory because of the toxicity of the urine itself and its low pro-

teid content. The writer has used the globuHns obtained from

chest serum by half-saturation with ammonium sulphate, or, what

is more convenient, by mixing three parts of chest fluid and six

parts of saturated ammonium sulphate solution. Under these

conditions the globulin and fibrinoglobulin are precipitated and

can be separated from the serum albumin by filtration. The pre-

cipitate easily dissolves in distilled water and the excess of am-

monium sulphate may be removed by dialyzing in a parchment

paper tube for twenty-four hours. Usually this time is sufficient

^ A great part of our knowledge of the precipitating action of antisera upon

the blood of various animals we owe to Nuttall, whose book on Blood Immu-
nity and Blood Relationship (Cambridge, 1904) covers the subject in a most

thorough manner and contains a very complete bibliography. See also

V. Dungern : Die Antikorper, Jena, 1903, and Rostoski : Zur Kennt. d. Prii-

cipitine, Wiirzburg, 1902.
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to remove the ammonium sulphate, which is highly toxic to rab-

bits, but it is wise to test the fluid by warming a few c.c. with a

little sodium hydrate and observing whether any ammonia is

given off by the decomposition of the sulphate which may be

present. If ammonia is set free, dialysis must be continued until

this reaction is not obtained. Bacterial growth in the fluid is

easily prevented by the addition of a small amount of toluol to

each side of the dialyzing tube.

In order to obtain the serum to carry out the precipitation

test it is necessary to inject the animal selected with considerable

quantities of blood or blood serum. The animal used for this

purpose has usually been the rabbit, although Ewing ^ has found

that the chicken is excellent for the purpose.

TECHNIQUE OF INJECTION

The rabbit to be injected is tied down on an animal holder or

held by an assistant. The abdomen is scrubbed with soap and
water and the hair shaved over a small area on the left portion of

the abdomen. It is well to cleanse the skin further by the apphca-

tion of lysol or alcohol and 1 to 1,000 subhmate solution.

The serum or blood to be injected is drawn into a syringe pro-

vided with a needle of large caliber, and after making a sHght in-

cision through the skin, the needle of the syringe is entered

obliquely through the abdominal wall. The needle should be

inserted through the muscles of the abdomen very gently, and the

peritoneum is entered by giving a slight jerk to the syringe. As
the point enters the peritoneal cavity the resistance ceases sud-

denly and the tip of the needle becomes freely movable among the

intestines. Care should be taken to avoid puncturing any of the

organs by a hasty movement of the tip or by passing the needle

too deeply. About five to ten c.c. of the serum or blood should

now be slowly injected. The fluid should always be warmed just

previous to the injection by placing the test tube containing it in

a vessel of hot water at about 45° C, if not, the animal may die of

shock.

The puncture made by the needle may be closed by a drop of

flexible collodion and no further dressing is needed. The in-

jection should be repeated at intervals of from three to five days.

* Ewing and Strauss : New York Med. News, 1903, vol. Ixxxiii, p. 871.
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The animal should be watched carefully, and if it does not feed well

or if it is losing weight, the injections should be discontinued for

several days. From six to eight injections are usually sufficient

to produce a serum of high precipitating power. Much smaller

quantities of blood injected intravenously will give a strong anti-

serum.

One to two weeks after the last injection, a few drops of blood

should be obtained and allowed to clot, and the serum tested for

its precipitating power. If this is high a considerable quantity

of blood should be drawn off, though not sufficient to kill the rab-

bit, as the animal may be used repeatedly.

OBTAINING THE BLOOD

The rabbit should be tied down to an operating board which

is covered with a large rubber hot-water bag.^ This should be

previously filled with water at a temperature of about 45° C.

The external surface of the ear near the posterior border, having

previously been chpped, or shaved and cleansed, the board is

raised so that the head hangs over the edge of the table. The ear

is then kneaded until the vessels become prominent ; and the poste-

rior auricular vein is incised with a sharp scalpel or fine-pointed

scissors, the cut extending obliquely across the vessel, but not sever-

ing it. The blood, which flows freely from the cut under these con-

ditions, is collected in small, wide-mouthed ounce bottles. Five

c.c. of blood is placed in each and the bottles are laid on their

sides until coagulation takes place, the mouth being closed by a

sterile cork. When the coagulum has formed the bottles are placed

vertically in a refrigerator and at the end of twenty-four hours a

considerable amount of serum will be found to have exuded from

the clot. This should be poured off into small test tubes, and if

not needed for immediate use the .cotton plug of the tube should

be sealed with paraffin or wax, and the serum stored in the

refrigerator.

By the method of bleeding described above one can often

obtain from a rabbit of two thousand grams weight, forty or fifty

c.c. of blood. After the animal has recovered from the anaemia,

another fifty c.c. may often be obtained, but the precipitating

^ We owe this method of obtaining large quantities of blood from the ear

vein to Wadsworth : Proc. of the N. Y. Path. Soc, 1903, N. S., vol. iii, p. 112.
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power is usually somewhat less than in the first serum. Usually

at the end of three weeks after the last injection, a marked diminu-

tion in the precipitating value of the serum will be noticed. After

the animal has regained its health and weight it can be re-injected

and more antiserum obtained.

APPLYING THE PRECIPITIN TEST

Before applying the precipitin test to a suspected stain, the

presence of blood should, if possible, be determined either by the

formation of Teichmann's crystals or by the spectroscope.

Obtaining a Solution of the Blood to be Tested.—Fresh blood

stains which have not been exposed to the action of the sun or to

high temperatures often promptly dissolve in 0,85 per cent, sodium

chloride solution.^ If not, distilled water may be used, an equal

bulk of 1.7 per cent, salt being added to bring the solution up to

0.85 per cent. Old stains require hours for solution. If possible

the fragments of blood should be removed from the cloth or instru-

ment on which they are found so as to obtain as pure a solution of

the blood as is possible without contaminations. The solution

should be tested with litmus and neutrahzed by sodium carbonate

or tartaric acid as may be necessary. The blood solution must

now be filtered through filter paper or a Berkefeld filter to render

it perfectly clear. Schleicher and SchiiU's No. 597 is a good paper

for this purpose. If the fluid is still turbid after the filtration,

prolonged sedimentation on a high speed centrifuge may produce

a clear solution.

Observation of the Reaction.—The antiserum to be used for

the test is diluted 1 to 50 with 0.85 per cent, salt solution. An
equal bulk of this diluted antiserum and of the blood to be tested

are then mixed in a small test tube and placed in the incubator.

It should be observed at the end of a few minutes, and of an hour

and of three hours. If no flocculent precipitate has appeared at

this time the reaction must be considered as negative. A very

faint clouding may be due to bacterial growth. Controls with

very dilute solutions of human blood should always be made at

the same time and under the same conditions as the tests.

Sources of Error.—The substances on which the blood has

* Merck's guaranteed reagent sodium chloride should be used, as commercial

salt gives somewhat varying results.
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been deposited may interfere with or entirely prevent the reac-

tion. Blood stains on linen, cloth, or paper, usually give prompt

results. When the blood has been dried on leather the conditions

are less favorable, as the tannin or the acid present under these

conditions may produce spontaneous precipitates without the

addition of antiserum. Stains from wall-paper often give spuri-

ous reactions depending probably upon chemicals used in the

coloring. Ewing was unable to obtain satisfactory results from

human blood stains on starched cuffs, a fact which he considers

due to the presence of starch in the solution.

Blood mixed with earth usually contains lime, and this must

be removed by a current of CO2 before the application of the test,

but tests made under these conditions do not often succeed, es-

pecially if the blood has remained moist for a month or more.

Mortar, lime, and fresh plaster completely destroy the precipitable

substance of the blood. Strong acids and alkalies do the same.

Blood dried on metal instruments ^ even after thirty years will give

the reaction.

Inasmuch as any fluid which contains serum derived from the

body may give this reaction, great care should be taken in the

identification of blood stains from cloth which may have been

contaminated either with nasal or bronchial secretions, which give

a faint precipitation reaction, or with albuminous urine or diar-

rhoeal discharges from the intestines, both of which may give the

reaction when dried on clothing, though, as the writer has found,

usually only a faint one. Vaginal, lochial, and seminal fluids also

give precipitates.2

In investigating the handles of instruments, the possibility

that they may have been contaminated with serum derived from

blisters on the hands of persons using them should always be kept

in mind. Another thing which must be considered is the possi-

bility of confusing human and ape blood. As has been previously

mentioned, the precipitates produced by human blood are most
marked in the blood of the higher apes, such as the orang-outang,

contamination with the blood of which need rarely be thought of.

The more distant species of the monkey tribe give only faint pre-

cipitates. If the antiserum be diluted 1 to 50 or 1 to 100, and the

^ Graham-Smith and Sanger: Journal of Hygiene, 1903, vol. iii, p. 269.
' Biondi: Viert. f. ger. Med., Bd. xxiii, Supplement-Heft, 1902, p. L
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conditions are favorable, it is unlikely that any confusion will arise.
-^

Control tests should, however, always be made, if possible, with

monkey blood, in order to determine the exact precipitating limits

to monkey blood of the serum used in carrying out the tests.

Great caution must be exercised in interpreting the results of

these tests, for it must be remembered that accurate work with

dried blood stains is impossible. The actual dilution of the blood

can not be determined with any degree of precision, the color not

being a sufficient guide in stains containing methaemoglobin or

haematin.

resum:^ of the important points in diagnosis from the
examination of the blood

1. Conditions in which the diagnosis can be made by examining

a gtained slide

:

Malaria, Lymphatic leukaemia,

Filariasis, Myelogenous leukaemia.

Relapsing fever, Advanced pernicious anaemia,

Trypanosomiasis, Spotted fever,

Some cases of lead poisoning.

2. Diseases which can be diagnosed by the serum reaction:

Typhoid fever, Paratyphoid fever,

Malta fever. Occasionally pneumonia.

3. Diseases which can be diagnosed by blood cultures:

In a large proportion of the cases

:

Typhoid fever, Paratyphoid fever,

Mycotic endocarditis.

In from one-fourth to one-half of the cases

:

Pneumonia, Sepsis.

4. Probable diagnosis can be made by examination of stained

smears in cases of

Mild pernicious anaemia. Trichinosis,

Secondary anaemia with marked leucocytosis,

Severe chlorosis.

1 Kister u. Wolff : Zeit. f. Hygiene, 1902, Bd. xli, p. 410 ; Ewing and
Strauss: Medical News, 1903, vol. Ixxxiii, p. 871.
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5. Conditions which require a count of the corpuscles and the

determination of the haemoglobin and generally some clinical

data:

Moderate secondary anaemia, especially if the leucocytosis

is low or absent,

Chlorosis.

6. Diseases in which the enumeration or differential count of

the white cells is of importance

:

Pneumonia, Carcinoma of the stomach.

Suppuration, Mild pernicious anaemia,

Typhoid, Trichinosis,

Pertussis, Malaria after treatment by qui-

nine.
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PART II

EXAMII^ATIOJN OF THE GASTEIO
OONTEE^TS

I. GENERAL CONSIDERATIONS

The gastric juice is the product of the secretory activity of the

glands of the stomach wall. It is a thin, highly acid fluid, which

contains but little solid matter and has a specific gravity of 1.001

to 1.010, and a freezing point of from —.38° to —.44° C.i On
chemical analysis the gastric juice is found to be chiefly composed

of dilute hydrochloric acid of a strength of from 0.1 to 0.3 per

cent., a very small amount by weight of pepsin, a milk coagula-

ting ferment (chymosin), together with a fat-splitting ferment

(lipase), a little mucus, and some salts. The salts are chiefly

chlorides and phosphates.

The ferments, the acid, and the mucus, seem to be secreted

each by a set of highly specialized cells, among which the parietal

cells probably furnish the acid while the chief cells furnish the fer-

ments. The pepsin is secreted by the glands both of the fundus

and pylorus, while the milk coagulating ferment and the lipase

seem to be entirely derived from those of the fundus. ^ The fer-

ments are not secreted as ferments, but in the form of inactive

zymogens, which must first be split up to be active. The active

agent in this splitting process is the free HCl of the gastric juice.

The fasting stomach usually contains a small amount of gastric

juice, varying from 20 to 100 c.c."^ Anything above this amount

is to be looked upon as pathological. The total quantity secreted

per day is not accurately known, but probably amounts to at least

2,000 c.c.

The hydrochloric acid of the gastric juice has a number of func-

1 Roth u. Strauss : Zeit. f. klin. Med., 1899, Bd. xxxvii, p. 144.

^Glaessner: Hofmeister's Beitrage, 1901, Bd. i, p. 24; Volhard: Zeit. f.

klin. Med., 1901, Bd. xlii, p. 414.

^ Boas : Magenkrankheiten, fifth edition. Many writers, however, consider

any amount over 50 c.c. as pathological.
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tions. In the first place, it is antiseptic and inhibits the growth of

many, though not all, varieties of bacteria in the stomach. Sec-

ondly, it has the power of changing the inactive zymogens into

the active ferments. This action is very rapid and requires only

a few seconds. The hydrochloric acid also combines with the

proteid constituent of the food to form acid albumins as a necessary

preliminary to the action of the pepsin upon these substances. It

also has the power of inverting cane-sugar to dextrose and Isevu-

lose. Finally, the acid gastric juice when it enters the duodenum

acts as a powerful stimulant to incite the pancreatic secretion.

The acid checks, as a rule very quickly, the action of the ferment

of the saliva, though this is somewhat dependent upon the amount

of mixture which has taken place between the saliva and the food.

If this mixture is very thorough, the salivary ferment can still act

for a considerable time after the food has been taken into the

stomach.

The pepsin has the power of altering the acid albumin formed

by the action of the hydrochloric acid upon the proteid of the food

into simpler compounds, the albumoses, which are easily absorbed

by the mucous membrane of the stomach and intestines, while

albumin can not be so absorbed. Peptone is not, as a rule, present

in the stomach except in traces.

The amount of proteid digested is as the square root of the

ferment present, ^ or expressed in another form, relative amounts

of pepsin present in two fluids, one of which digests two grams of

coagulated proteid in an hour and the other three grams, are not

as 2 to 3, but as the square of these members—i.e., as 4 to 9.

The milk coagulating ferment, also called rennin, lab, or chymo-

sin, has the power of coagulating the casein of the milk as a prelim-

inary to its further digestion by pepsin. The rate of coagulation

varies with the concentration of the ferment.

The fat-splitting ferment is capable of breaking up large quan-

tities of fat when the latter is in finely divided form. The ferment

exists in the form of a zymogen, which is activated by the hydro-

chloric acid of the gastric secretion, just as is the case with pepsin.

The laws governing the splitting by the lipase are the same as

those which regulate the action of pepsin—that is, the digestive

products are as the square root of the amount of ferment present

and as the square root of the time of digestion.

^ J. Schiitz : Zeit. f. phys. Chem., 1900, Bd. xxx, p. 1.
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II. METHODS OF OBTAINING GASTRIC JUICE

TEST MEALS

The gastric juice is not secreted continuously in any quantity,

but normally only in response to some food stimulus. It has been

assumed from the results of animal experimentation, chiefly by

Pawlow 1 and his pupils, that the stimulation to secretion is almost

wholly psychical and that neither the act of chewing nor the taste

of the food exerts any great effect. It is probable that the psychic

element plays a very important part in man in the stimulation and

inhibition of the secretion of the gastric juice, though observations

made on persons with gastric fistulse have not furnished consistent

results. A good many observers are inclined to think that the

chief factor in the stimulation is the contact of food with the gastric

mucosa, a belief in accord with the results obtained by forced feed-

ing through the stomach tube, where the psychical element, if pres-

ent, would certainly inhibit and not stimulate secretory activity.

Others have found that the tasting or chewing of palatable forms

of food 2 determines an active secretion. The entrance of the

saliva into the stomach has also been considered a stimulant.

For clinical purposes we must rely upon the stimulus of food,

using such forms as least interfere with the action of the indicators

used in performing the analysis and do not contain such chemical

substances as may be produced in the stomach by bacterial or

secretory activity. The test meal is given fasting, and after a

suitable time is removed from the stomach and examined.

Ewald Test Meal.—This test meal is most frequently used in

the ordinary routine of stomach examinations. The meal consists

of a roll or slice of bread without butter, and a glass of water or a

cup of tea without milk or sugar; or, more accurately, about 50

grams of bread and 400 c.c. of fluid, though the exact amounts

are of no very great importance. The patient should be instructed

to chew the bread very thoroughly, for if coarse particles are swal-

^ Die Arbeit der Verdauungsdriisen, Wiesbaden, 1898.

^ See on this subject, Hammarsten : Lehrbuch d. Phys. Chemie, 1904, fifth

edition, p. 298 ; also Bulawinzew : Wratch, 1903 ; abstract in Biochemisches

Cent., 1903, Bd. i, p. 593 (Obtained secretion after psychic stimuli); Schiile:

Deut. Arch. f. klin. Med., 1901, Bd. Ixxi, p. 111. [Bibliography.] (Psychic ac-

tion unimportant; chief action from tasting and chewing food and direct

stimulation on gastric mucosa); Meisl : Wien. klin. Rundschau, 1904, p. 241.
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lowed they may plug the openings in the stomach tube and pre-

vent the aspiration of the test meal.

The gastric contents are to be removed one hour later. Under

these circumstances we expect to obtain from 30 to 50 c.c. of gas-

tric contents, depending, however, a good deal upon the skill

with which the tube is used. If the motor activity of the stomach

is diminished or the organ is dilated, we will obtain a larger quan-

tity of fluid. If, on the other hand, the activity is excessive, we
will obtain little or no gastric contents.

Riegel Test Meal.—A second form of test meal, which is useful

in determining the general digestive power of the stomach, but is

not so valuable for chemical investigation, is that of Riegel. This

consists of a plate of bouillon, about 200 grams of beefsteak, two

slices of white bread, or 150 grams of finely mashed potatoes, and a

glass of water. The contents of the stomach are to be removed

at the end of from three to four hours.

The special value of this test meal is that is gives us the oppor-

tunity to judge of the length of time which the food remains in the

stomach after a normal meal, and also to judge of the rate and

the amount of digestion which has taken place, during that time,

of the starches and of the proteids. The test meal of Ewald does

not permit of this, as it is withdrawn before digestion has had an
opportunity to advance very far.

If the stomach is found practically empty at the end of three

hours, the motility of the organ may be assumed to be normal or

increased, but no conclusions can be drawn as to the digestive

power of the secretion. This may be low, and must be determined

after an Ewald meal and chemical tests.

If the stomach still contains large quantities of undigested

food at the end of four hours, the digestive power must be consid-

ered as low. The chief advantage of the Riegel test meal is that

it is more palatable to the patient than the Ewald meal and pre-

sumably incites a more nearly normal gastric secretion than the

latter. One of the difficulties of the method is that it is often

impossible to prevent the clogging of the stomach tube by the

particles of undigested food. The patient should therefore always

be instructed to chew the food thoroughly.

Sahli Test Meal.—When employing the Ewald test meal it is

impossible to decide accurately how much of the stomach con-

tents removed is the fluid secreted by the gastric mucosa and how
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much the remnants of the fluid and food taken in. This is because

such a meal is of inconstant composition and contains no substance

which can be easily estimated in a quantitative manner. The
meal when removed often contains coarse fragments derived from

the imperfect mastication of the roll, and some of these masses

are often left in the stomach because they can not be removed
through a stomach tube of convenient caliber. A test meal of

milk of a known fat content would permit the exact determination

of the amount of the meal still remaining in the stomach by the

simple process of estimating the amount of fat contained in a given

fraction of the contents after evacuation through the tube, but

the proteids of milk are so abundant that the coagula are very

coarse and carry down most of the fat, while usually no free hy-

drochloric acid is present at the end of an hour, the whole of the

acid having entered into combination.

Sahli 1 has therefore suggested the use of a soup containing a

small amount of proteid and a moderate amount of fat in a state

so finely divided that it will not separate during digestion, but the

whole meal remain homogeneous. A fat determination made on

a small fraction of the meal will permit of an estimation of the

total amount ingested and the amount of the meal still remaining

in the stomach. Fat, as is well known, is but slightly acted upon
by the ferments of the gastric mucosa except when in a very fine

emulsion, and the slight amount of splitting which does occur is

within the limits of error of the methods used to estimate the

amount present in the stomach contents after removal. There is

also no absorption of fat from the stomach, so that any loss must
be due to the expulsion of a portion of the meal through the pylo-

rus, thus furnishing an index of the motility of the stomach.

A soup is prepared by mixing 25 grams of flour and 15 grams

of butter in a pan and browning them over the fire. Three hundred

and fifty c.c. of water are then slowly added and the whole allowed

to boil for two minutes. The mixture is then suitably seasoned

with salt and is ready for use. The fluid so prepared forms a

palatable ^ emulsion from which the fat has but little tendency to

separate, even when acted upon by the gastric secretions. The

^Berl. klin.Wocli., 1902, Bd. xxxix, p. 349 ; Seller: Deut. Arch. f. klin.

Med., 1901,Bd. Ixxi, p. 271.

2 This palatability is important, as food of a pleasant flavor affords a much
more nearly normal stimulus to the gastric secretion than a roll and water.
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fat content of any portion is therefore quite constant, and, when

the stomach contents are withdrawn, the amount of fat in a given

quantity is easily determined, thus permitting an estimation of

the residue of the test meal remaining in the stomach, also the

amount which has passed through the pylorus, and the amount

of gastric juice secreted by the stomach.

The patient receives either 300 or 500 cubic centimeters of the

soup after a preliminary lavage to remove food particles remaining

from other meals. The larger amount is to be given to those with

well-marked motility, for otherwise no contents may be obtained

at the end of an hour. The soup is best eaten with a spoon, so that

none of the solid particles may be left at the bottom of the bowl.

Fifty c.c. are to be reserved as a control for the determination of

the fat content.

The contents of the stomach are to be expressed at the end of

an hour and the stomach washed with 300 c.c. of water and the

washings collected separately. The acidity of the undiluted

contents and that of the washings are to be determined separately

and the total secretion determined by Mathieu's formula (p. 271).

The determination of the acidity should be made as soon as pos-

sible after the expression of the test meal, as the fat-splitting fer-

ment of the gastric juice may break up the butter fat and set free

butyric acid, which would add to the total acidity.

If it is not possible to carry out the titrations immediately, the

action of the ferment may be checked by boiling the stomach con-

tents for a few seconds. If the HCl content of the gastric juice

is found to be low, it is well to remove any organic acid which may
be present, by shaking 5 c.c. of the juice with 20 c.c. of ether and

then titrating the aqueous portion for HCl. The other tests for

combined acid and for lactic acid can be carried out on the undi-

luted stomach contents as with the Ewald test meal. The fat

content of the gastric juice, the washings, and the soup are then

determined by the Babcock method, as is given under the head of

Milk Testing.

Recent studies ^ of this procedure have shown that there is a

tendency for the fat to separate from the fluid unless the stomach

is actively motile. This at once vitiates any computation based

upon the fat analysis of the different portions of the fluid in cases

^ Koziczkowsky : Deut. med. Woch., 1902, p. 462; Bonniger: Miinch. med.

Woch., 1902, p. 1786.
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where the stomach is dilated or the pylorus obstructed. Further

investigation is required to determine the exact limits of applica-

bility of a method theoretically very valuable.

All of these test meals are given preferably in the morning

before any other food has been taken. In general it is better to do

this than to remove any food possibly present by washing the

stomach, for the action of washing out the stomach interferes

with the normal course of secretion of the gastric juice. In cases

of greatly dilated stomachs, it may, however, be necessary to wash
out the stomach as a preliminary to the test meal. Under ordinary

conditions this is never required.

One reason for giving the test meals at a fixed hour is that the

secretion of gastric juice varies somewhat, depending upon the

time of day. It has been found experimentally that a larger

quantity of free hydrochloric acid is secreted at noon than in the

early morning; so that it is better to follow the precedent which

has been long in use and give these meals early, before taking

other food.

SPECIAL TEST MEALS

Boas Test Meal.—This meal consists of about 500 c.c. of oat-

meal soup prepared by boiling a tablespoonful of oatmeal (Knorr's

"Hafermehl" preferably) with 1,000 c.c. of water until the bulk

is reduced one-half. The contents of the stomach may be removed
one hour after the meal, though occasionally it is preferable to

allow the gastric secretion to act for two hours or longer, as larger

amounts of lactic acid are formed. This is only possible when the

motility of the stomach is low, and under such conditions the meal
may be given in the evening and removed the following morning.

The especial purpose for which this meal was devised is to obtain

stomach contents to which no lactic acid has been added from the

food, for bread contains a small quantity of lactic acid, and this is

not present in the oatmeal soup. One difficulty in connection

with this test meal is the fact that it is sometimes impossible to

obtain any quantity of gastric contents even at the end of an hour.

If the stomach possesses normal digestive powers the test meal
may have been entirely digested and passed on into the intestine.

We can then expect a considerable quantity of gastric contents

after this m^al only when there is either dilatation of the stomach
or some obstruction at the pylorus, with lowered motility.

19
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Test Meal to Determine the Motility of the Stomach.—In pa-

tients suffering from dilation of the stomach or from obstruction

of the pylorus, it is sometimes of importance to know whether

food is retained for a long time or not. The simplest means of ob-

taining information on this point is to remove all food from the

stomach by thorough washing and then to feed the patient with

something which can be easily recognized if not thoroughly di-

gested. Raisins or fruit cake containing currants are the most

convenient form of food to use, and a quantity of the indigestible

portions of these fruits may often be found in a dilated stomach

days after they were ingested.

OBTAINING GASTRIC CONTENTS

Some patients can vomit the gastric contents at will, but this

is rarely possible in those who are not trained. It is usually

necessary to remove the contents through a stomach tube. The
tube is of soft rubber, about 75 cm. long, with a lumen some 6

to 7 mm. in diameter. The lower end inay be open, or closed

and rounded as preferred, the closed form being more difficult to

clean. There should be two oval lateral openings on opposite

sides.

The tube is moistened with warm water before use. The
patient should sit up in a chair or in bed, and a towel or rubber

sheet is wrapped about the neck to prevent soiling of the clothes

by the saliva, which is usually very freely excreted, or by the

vomitus which may be brought up while the tube is being passed.

False teeth should be.removed. The head of the patient should

be tipped slightly forward and the mouth slightly opened. The
tongue should never be pressed down by a depressor or the finger.

The tube is passed gently back over the tongue until its tip strikes

the posterior wall of the pharynx, when it turns downward of

itself and easily passes into the stomach. The patient can often

materially aid the passage of the tube by swallowing while it is

being passed. In the case of a very nervous patient it may be

necessary to apply cocaine to the pharynx in order to diminish its

sensitiveness.

There is not the slightest danger of the tube entering the

larynx, though the patient often struggles and becomes some-

what cyanotic. As soon as the tube is in position it will be per-
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fectly easy for the patient to breathe, and that such is the fact

should be explained before passing the tube. Occasionally a

nervous person will find it very difficult to breathe or will choke

or vomit while the tube is being passed. In such cases it is better

to immediately withdraw the tube, explain the process carefully

to the patient, and then make another attempt. If this fails, it

is best to wait until another day and not alarm a nervous person

by repeated attempts to pass the tube.

After the tube is in position and it is desired to wash out the

stomach, a funnel :s attached by another short piece of tubing and

a glass connecting tube. About 500 c.c. of water are poured into

the funnel and the latter elevated to about the level of the patient's

mouth or a little above. The water will flow in quickly if the tube

has been correctly passed to a distance of about 40 cm. from the

incisor teeth, and if the funnel is lowered quickly the water will

again siphon out into a basin, which should be near by. This pro-

cedure may be repeated as often as it is necessary to remove all of

the mucus or small food particles from the stomach.

In case the siphonage does not take place immediately, it is

well to push the tube a little farther into the stomach or to pull it

out slightly. If this does not suffice, the patient should be asked

to cough or bear down, and thereby start the siphonage. If this

does not succeed, more water may be poured through the tube

until the patient complains of a sense of fullness in the stomach.

After this, if the funnel is lowered, the water will usually quickly

siphon back, especially if the patient has aided the expression of

the fluid by voluntarily compressing the abdominal muscles as in

the act of vomiting.

If it is desired to obtain the stomach contents merely, without

washing out the stomach, the tube should be passed as above,

taking especial care that none of the saliva, which is usually freely

secreted, is swallowed or runs down the tube into the beaker

which is to receive the stomach contents. The best means of pre-

venting the admixture of saliva and the gastric juice is to wrap

a towel about the peripheral end of the tube, which will absorb

the saliva as it flows along the tube from the mouth.

When the tube has been passed the normal distance of 40 cm.

the patient should be asked to cough or make an effort to vomit,

or to contract the abdominal muscles as if at stool, when usually

siphonage will be established and the contents of the stomach
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will be expressed through the tube into the beaker intended to

receive it.

If, however, the patient can not voluntarily express the con-

tents of the stomach, it will be necessary to resort to aspiration.

This can be accomplished either by the operator sucking gently

on the end of the tube, or by attaching a small Politzer bag to the

end of the tube by a glass connector after the bulb has been com-

pressed, and then allowing the bulb to

expand. The shght vacuum thus pro-

duced in the tube will usually start

the removal of the contents of the

stomach. Tubes are made which pos-

sess a small bag without valves at their

upper end. (Fig. 69.) If the bag is

squeezed and the peripheral end of the

tube is closed by the finger and the

bag again allowed to expand, a partial

vacuum will be produced and siphon-

age of the stomach contents started.

When withdrawing the tube the

patient should be asked to cough, to

drive any remnants of gastric juice into

the lower end of the tube. As this oc-

curs the tube should be compressed

by the finger and rapidly but gently

extracted, keeping up the compression

until the contents can be allowed to

run into the beaker containing the por-

tion previously removed.

Contraindications to passing the

tube are uncompensated heart disease of any kind, either muscular

or valvular, aneurisms, advanced pulmonary tuberculosis, apo-

plexy, or recent and very severe haemorrhage from the stomach,

especially in the case of ulcer or carcinoma of that organ. Men-
struating ^ and pregnant women should not be examined unless

Fig. 69.

—

Stomach Tube with
Bulb for Extraction of
THE Gastric Contents or
Inflation of the Stomach.

^Eisner: Arch. f. Verdauungskrankheiten, 1899, Bd. v, p. 467. Results
of exammations of gastric contents during menstruation are not constant,
and often vary considerably from those obtained at other times. The
nervous condition at this time probably plays an important part in the phe-
nomenon.
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the diagnostic or therapeutic results expected are of great im-

portance. Ulcer of the stomach is not an absolute contraindi-

cation, however, if great gentleness is used in passing the tube

and the stomach is not too much distended by fluid, but the

tube should be used only for important diagnostic or therapeutic

purposes. It is safer to treat a suspected case as ulcer and avoid

the passage of the tube.

III. MACROSCOPICAL EXAMINATION

A great deal can be learned from the mere inspection of stomach

washings after a test meal. In cases of diminished motility

with dilatation or pyloric stenosis, a diagnosis can practically be

made from the results of examination of the washings, which under

these conditions contain food derived from previous meals.

The amount of bread contained in the washings after an Ewald

test meal furnishes a clue to the digestive power of the stomach and

also to its motility. The washings may contain no food in cases

of hypermotility such as may be occasionally seen in connection

with total absence of secretion of hydrochloric acid. In severe

cases of chronic gastritis without increased motility the test meal

will not be digested at all and the abundant mucus present will

furnish a clue to the nature of the process. The increased mucus

is easily noticed by stirring the contents or by pouring the wash-

ings from one beaker to another. Small quantities of mucus are

found in the stomach under normal conditions.

The determination of the presence of pus usually requires a

microscopical examination for the identification of the leucocytes

present, though occasionally small masses may be found in the

stomach contents derived from the rupture of abscesses on the

walls of the stomach or by perforation from one of the neighbor-

ing organs, which can be identified macroscopically.

Color.—The presence of considerable quantities of blood is

evident from the color. This is bright red in case of a fresh

haemorrhage from the oesophagus or a gastric ulcer, or of blood

derived from the nose or throat of the patient. When the blood

is thoroughly mixed with gastric contents and in the form of

haematin or the so-called coffee-ground matter, its recognition is

not so easy and suitable tests should be applied. (See pages 11,

18, and 274.)
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Bile is easily identified by its green tint, though occasionally

sufficient bilirubin may be present to color the stomach contents

yellow. As the pigment is usually already oxidized to biliverdin

it is often difficult to carry out the usual color tests (see Urine) ; but,

when the question is of importance, the presence of bile may be

shown by isolating the bile acids and testing them or by demonstra-

ting considerable amounts of cholesterin. (See, however, p. 276.)

Odor.—Pure gastric juice or normal stomach contents after a

test meal is practically odorless or usually has only a slightly acid

smell. The admixture of intestinal contents may usually be recog-

nized by the odor, but in case of doubt the suspected fluid may
be distilled with a Httle phosphoric acid and tested for indol or

phenol, as described in the chapter on Urine.

The washings from a dilated stomach are often sour-smelling,

due chiefly to butyric, acetic, or valerianic acids. The broken-

down tissue from an ulcerating carcinoma gives the washing a

strong odor of putrefying flesh.

A very offensive odor may be obtained in washings from a nor-

mal stomach when the products of putrefaction are derived from

abscesses or necrotic new growths in the oesophagus or pharynx,

or from discharges from abscesses of the frontal or other sinuses.

Amount.—The quantity of fluid obtained at the end of an hour

after an Ewald test meal is from 20 to 50 c.c. If larger amounts,

up to 200 or 300 c.c, are obtained, it is an evidence of either

diminished motility or hypersecretion. Large quantities, of 500

c.c. to 3 or 4 liters, indicate dilatation of the stomach and usually

either benign or malignant stenosis of the pylorus.

The formation of three distinct layers in the washings is not

infrequently observed when the stomach is greatly dilated. The
upper portion consists of coarse fragments of undigested food, de-

rived from the test meal ; below this is a clear layer of fluid ; while

at the bottom may be observed a layer of fine particles of more or

less digested food. In this lower layer will be found fruit skins,

and other evidences of prolonged stasis.

DETERMINATION OF THE TOTAL AMOUNT OF GASTRIC
JUICE SECRETED

In order to determine the total amount of gastric juice secreted,

a somewhat complicated procedure is necessary. It is evident

that measurement of the quantity removed does not give us the
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total secretion, as it is impossible to obtain the last few c.c. from

the stomach. The method of Mathieu and Remond^ is one of the

best for this purpose.

As much as possible of the gastric juice is removed from the

stomach, measured, and set aside. A measured quantity (usually

300 c.c.) of water is then poured into the stomach through the

tube and thoroughly mixed with the contents remaining in the

organ by moving the funnel up and down or by intermittent

pressure on the stomach through the abdominal walls. As much
as possible of the mixture of water and gastric juice is then re-

moved and collected in a separate vessel. If b is the quantity of

gastric juice obtained by direct expression before the addition of

water, a the total acidity of this undiluted juice as determined

by phenolphthalein, c the acidity of the diluted gastric juice, and

q the amount of water added to the stomach, then the acidities a

and c are inversely as the quartity of water used, since the greater

the amount of the wash-water, the less the total acidity of the fluid.

This may be expressed by the following formula

:

a : c = q -\- X : x

cq
From which we derive x =

a — c

The amount of gastric juice originally present in the stomach is

CO
therefore b +

a— c

This formula assumes that acid is present in the stomach con-

tents. In diseases where no free acid is present, sufficient acid

may be given by the tube to cause an acid reaction in the stomach

or the method devised by Strauss 2 employed. This depends upon

the relations between the specific gravity of the diluted and

undiluted gastric juice. This must be very carefully determined

by means of a pycnometer bottle or Westphal balance. If then

S is the specific gravity of the undiluted contents and G the

specific gravity of the diluted contents, V the amount of juice first

removed and a the amount of water added, the total secretion is

—

Y S-h(a-Y) G-a
S-G

^ Soc. de Biol., 1890, p. 591; also Arch. f. Verdauungskrankheiten, 1896,

Bd. i, p. 345.

2 Therap. Monats., 1895, p. 125.
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This formula can be simplified, as suggested by Reichmann^i by-

determining only the amount of secretion remaining in the stomach,

not the total. The formula is then

—

S-G
Then X plus the amount of juice first removed is the total

secretion.

IV. MICROSCOPICAL EXAMINATION
Usually the microscopical examination of the gastric juice is

carried out on test meals removed by the stomach-tube, but

occasionally it is of importance to examine specimens of vomitus.

The secretions from the fasting stomach consist chiefly of

gastric juice mixed with small quantities of mucus and sahva.

Fig. 70.—Normai. Stomach Contents, Showing Snail-like Masses of Mucus,
A Few Fl.\t Epithelial Cells, and an Occasional Starch Granule.

The sahvary admixture can be easily shown by the presence of

the large fiat epithehal cells from the buccal cavity and the
shrunken leucocytes and cell nuclei known as sahvary corpuscles.

As a rule the gastric juice is never entirely free from small

* Deut. med. Woch., 1895, Lit. Beilage, No. 12, p. 79.
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remnants of food, even though nothing has been taken for twelve

or fifteen hours. Elastic tissue and . muscle fibers are usually

present, together with fat drops and fatty acid crystals, starch,

and fragments of plants.

Small masses of mucus can nearly always be recognized in the

acid gastric secretions, and occasionally assume a peculiar snail-^

like, spiral form (Fig. 70). They are probably formed from

nasal or bronchial or gastric mucus by the action of the hydro-

chloric acid of the stomach. A few bacilli, molds,i and yeast

cells are nearly always present. They are of no diagnostic im-

portance.

The microscopical examination of the gastric juice after a test

meal shows, besides the elements mentioned above, numerous sub-

stances derived from the roll or other material given to incite the

gastric secretion. With the Ewald meal little is to be seen except

numerous starch granules and vegetable cells. Some of the starch

granules are well preserved; others have been destroyed in the

process of cooking, the cellulose membrane of the starch cell hav-

ing been ruptured by this process. These remnants of starch cells

may be identified by treatment with iodine, when they assume a

blue color. After the Riegel test meal a number of more or less

digested muscle fibers may be found, in addition to starch and

vegetable cells.

If there is any interference with the motility of the stomach,

or if the lumen of the pylorus is blocked by a new growth, one

commonly finds remains of food which have been introduced into

the stomach at previous meals, often twenty-four to forty-eight

hours before. These remnants are chiefly of the more indigesti-

ble sorts of food, such as vegetable fibers and cells, and especially

the skins from fruits, such as prunes, raisins, etc.

Fat appears in the form of spherical, highly refractile globules,

which can be easily recognized by their solubiHty in benzine or

ether, or by their micro-chemical reactions with Sudan III, schar-

lach R., or osmic acid. The Sudan III and scharlach R. color the

fat an orange red, while osmic acid blackens it. A drop of a satu-

rated alcoholic solution of these dyes should be allowed to run

in under the cover glass and mix with the stomach contents.

Osmic acid should be used in a 1 per cent, aqueous solution.

1 Kellog: Medical News, 1900, vol. Ixxvii, p. 88.
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Fatty acids assume the form of long needles, which also react

to the fat stains. These ma}^ be single or arranged in bundles.

Large quantities of these substances are seen chiefly in dilatation

of the stomach. Neutral fat is not often seen in normal stomach

contents after an Ewald test meal.

Red blood corpuscles in small numbers are frequently found

after expression of the stomach contents, if the latter are exam-

ined promptly. Their appearance is due to small haemorrhages

produced by the action of the tube on the mucous membrane of

the pharynx or the stomach. If normal amounts of hydro-

chloric acid are present the red cells are rapidly destroyed and the

haemoglobin altered into insoluble brown masses of haematin. If

the stomach contents are neutral, however, they may remain un-

changed for a considerable time.

The best method of testing for blood in the stomach contents

is that of Weber .1 A small portion of the
' 'coffee-ground matter "

is placed in a test tube and several drops of strong acetic acid are

added and about one-third of its bulk of ether is poured into the

tube and the whole is thoroughly shaken. After standing a few

minutes the ether separates as a clear layer in the upper portion of

the mixture and can be pipetted off. If the ether does not clear, a

few drops of alcohol will assist in the process. The brownish solu-

tion is then examined with a direct vision spectroscope for the

absorption spectrum of acid haematin. As a rule, only the band

in the red is visible.

In many cases the haemochromogen spectrum may be also

obtained by treating the mixture with strong alkah, pyridin,

and ammonium sulphide ; but for small quantities of blood Weber's

method is preferable.

The blood pigment can also be identified, according to Weber,

by adding ten drops of a freshly prepared solution of resin of

guaiac and twenty to thirty drops of ozonized turpentine to the

ethereal extract of the stool. If blood is present the ether assumes

a purple color which can be extracted by shaking up with chloro-

form and water.

Instead of using tincture of guaiac to produce the color reac-

tion an extract of Barbados aloin (see page 12) in dilute alcohol

may be employed. The reaction is slightly more sensitive than

^ Berl. klin. Woch., 1893, p. 441.
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with guaiac and the presence of free hydrochloric acid does not

interfere with the color production, as is often the case when the

latter substance is used.

Teichmann's test for blood, preferably with Strzyzowski's

modification (see page 18), may be used when blood is present

in macroscopic amounts.

In persons with marked dilatation or carcinoma of the stomach,

microscopical examination will reveal large numbers of yeasts,

sarcinse, and occasionally, especially in carcinoma, large rod-Hke

bacteria, known as Boas-Oppler bacilli. The first two forms

mentioned are not diagnostic of any special condition, as they are

present in almost all stomach contents and only in increased

numbers when there is abnormal stagnation of the gastric juice.

The Boas-Oppler bacilli frequently form long jointed chains.

The fresh preparation should have some Gram's solution added

to it to distinguish the Boas-Oppler bacilli from a mouth

bacillus, the Bacillus maximus buccahs (Leptothrix buccahs).

The latter will be stained blue by the iodine, while the Boas-Oppler

is stained brown. The bacillus has been cultivated, but with some

difficulty, so that the diagnosis must rest upon the morphology.

The presence of the bacillus is confirmatory evidence merely of the

presence of a new growth and possesses about the same value as

the presence of lactic acid, as it is quite constantly found in the

same circumstances as the acid, that is, in from 75 to 85 per cent,

of the cases of carcinoma, and rarely in dilated stomachs or in

benign obstruction of the pylorus.

Occasionally infusoria may be present in the stomach, especially

the flagellate group ;
^ but they are of no diagnostic importance.

Small fragments of the gastric mucous membrane are frequently

found in vomitus or expressed stomach contents. They may be

derived from a normal mucosa or from a variety of conditions.

Einhorn thinks them especially abundant in cases of erosion of

the stomach. Such fragments should be collected, hardened,

embedded, and sectioned, in order to obtain satisfactory results

from their examination. These fragments do not, however,

always furnish valuable points in diagnosis or prognosis, for par-

ticles showing an atrophic mucous membrane may be obtained

* Cohnheim : Ueber Infusorien im Magen und im Darmkanal des Menschen
und ihre kiln. Bedeutung. Deut. med. Woch., 1903, p. 206.
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from persons without marked lesions of the stomach, at least so

far as can be judged from symptoms and chemical examination

of the washings. It is possible, therefore, that local alterations

in the gastric mucosa may exist and from these areas a fragment

may be carried away by the action of the tube or the disturbance

due to expression.! So, too, an advanced atrophy of the mucosa

may exist, as shown by examination of fragments and chemical

tests, and yet the patient may have no symptoms referable to

that condition.

Mitoses are occasionally found in the cells of the glands, which

do not indicate a mahgnant growth but only a rapid proliferation

of the glandular epithelium.

Fragments of carcinoma are occasionally found in the stomach

washings and a diagnosis may be made from suitable stained

sections if a growth of epithelial cells can be demonstrated be-

tween the tubules or in solid masses of cells with large nuclei.

Very often, however, the fragments which fall from the surface of

a growth of this type are so necrotic that a definite diagnosis can

not be made.

Crystals of cholesterin and leucin are occasionally seen even

though there is no regurgitation of bile. Tyrosin and calcium

oxalate have been noted. Crystals of ammonium magnesium

phosphate have been found in alkaline gastric juice.

V. CHEMICAL EXAMINATION

The amount of gastric juice which may be obtained one hour

after the administration of the Ewald test meal is from 20 to 50 c.c.

Larger quantities indicate either increased secretion of the gastric

juice or decreased motility of the stomach or an obstruction at the

pylorus. The continuous finding of very small quantities indi-

cates an extremely active peristalsis of the stomach or a pyloric

incontinence. For clinical purposes we determine the amount
of hydrochloric acid which is free in the gastric contents after a

test meal, the amount which is united or combined with the food,

and the amount of organic acids and acid salts which is present.

We also determine the presence and activity of the pepsin and of

the milk-coagulating and fat-splitting ferments. The most im-

^ Einhom: Deut. med. Woch., 1903, p. 776.
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portant of all of these for clinical purposes is the examination for

the presence of free hydrochloric acid.

FREE HYDROCHLORIC ACID

QUALITATIVE TESTS

Congo or Amido-Benzol Paper.—The examination for free

hydrochloric acid can be made in a quahtative manner by the use

of paper colored by Congo red or dimethyl-amido-azobenzol. The

Congo changes, under the action of the free hydrochloric acid, to a

bright blue. This change can be observed when no more than 0.002

per cent, of free hydrochloric acid is present. The Congo paper

does not react to phosphoric acid or to organic acids in the con-

centration in which they are usually present in the stomach con-

tents. Rarely, in the presence of large quantities of lactic acid, a

slight change to blue may be observed ; but a very strong reaction

does not occur under these circumstances.

Amido-benzol paper reacts only to free hydrochloric acid,

turning an orange, if traces, or a red color if large amounts are

present. Large amounts of organic acid may redden the paper,

but practically they are not met with in the stomach contents.

Boas highly recommends tropseolin paper made by soaking

filter paper in a saturated alcohoHc solution of tropseohn 00 and

drying. The paper is dipped into the gastric juice and then dried

over a flame. If free hydrochloric acid is present the moistened

spot assumes a lilac-blue color. Organic acids do not give this

color.

Giinzburg's Method.—A reagent ^ which is not subject to any

of these sources of error is a mixture of phloroglucin, 2 grams;

vanillin, 1 gram ; alcohol, 30 cubic centimeters. The solution

should be preserved in a dark bottle and not kept for more than

a few months. The method *is as follows

:

One to two drops of this solution are placed in a small porce-

lain dish and dried by gentle heat. A drop of the gastric juice is

then placed on the brown stain and the dish again gently heated

until all the water has evaporated. If 0.005 per cent, of hydro-

chloric acid is present a faint red will be visible. If more, the

reagent changes to a beautiful carmine red, which is unaltered

• Giinzburg: Cent. f. klin. Med., 1887, p. 737.
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on the addition of ether. This reagent reacts only to free mineral

acid, which in the case of the gastric contents can be assumed to

be hydrochloric acid. It does not react in any case to organic

acids or to acid salts. Test papers containing this reagent can

be used by dipping them into the gastric contents and gently

warming them over a flame.

COMBINED HYDROCHLORIC ACID

The entire amount of hydrochloric acid secreted by the action

of the gastric mucous membrane can not be found as free acid, for

the HCl set free soon after the test meal is taken into the stomach

combines with the bread of the meal and forms a so-called com-

bined hydrochloric acid. It has been found, for instance, that

50 gm. of bread will combine with 0.15 gm. of pure hydrochloric

acid, and if the combination is tested no free hydrochloric acid

will be found, the acid having entered into a loose combination

with the proteid and other substances in the bread. The same

phenomenon may be observed by adding hydrochloric acid to

milk; 50 c.c. of milk will combine with 0.2 gm. of hydrochloric

acid, and if the mixture is tested by the phloroglucin test no

reaction for free hydrochloric acid will be obtained. An example

of this "acid capacity '^ of milk is seen in nursing infants whose

gastric contents contains no free HCl, all the acid having united

with the milk.

The amount of combined hydrochloric acid is greater in the

case of Riegel's test meal than with Ewald's, for the former con-

tains a larger quantity of proteid. For about 35 minutes after

taking the Ewald test meal all of the acid secreted by the stomach

will be found in combination with the bread of the meal ; at this

time the amount of the combined acid will have risen to 0.15 gm.

to the 50 gm. of bread taken in. From now on free hydrochloric

acid makes its appearance and may rise as high as 0.2 per cent,

under normal conditions. It is evident, therefore, that the deter-

mination of this combined hydrochloric acid is an important

matter, for it is just this acid which has entered into combination

with the proteid of the food which makes it possible for the pepsin

to act upon the proteid. Of course, if free hydrochloric acid is

present in considerable quantities, it is an evidence that there is an

excess of acid over the amount required to combine with the food

;

but if no free hydrochloric acid be present, it is not proven that
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none has been secreted, so that we should also test for the com-

bined hydrochloric acid in attempting to estimate the functional

activity of the stomach.

A simple qualitative test for loosely combined acid is not

known, the amount is obtained during the quantitative Topfer test.

Titration with decinormal sodium hydrate, using litmus as an

indicator, will, however, if no organic acids are present, give ap-

proximate results for the free acid plus the loosely combined,

after an Ewald test meal.

TOTAL ACIDITY

Besides the free hydrochloric acid and the loosely combined

hydrochloric acid, there are also present in the stomach contents

organic acids and acid salts, chiefly those containing an excess of

phosphoric acid. The organic acids and the acid salts, as a rule,

have no digestive power.

The organic acids, when present in large quantities, replace

the hydrochloric acid to a certain extent in the formation of acid

albumin for the digestion of the proteids.

QUANTITATIVE DETERMINATION OF FREE
HYDROCHLORIC ACID

Boas ^ uses Congo red as an indicator in titrating for free hy-

drochloric acid. Five c.c. of a 1 per cent, aqueous solution of

the indicator are mixed with an equal quantity of the unfiltered

gastric juice. Decinormal sodium hydrate solution is then added

from the burette until the solution changes to a marked brick red.

The number of cubic centimeters of sodium hydrate used enable

us to compute the amount of free hydrochloric.

RiegeP recommends the use of Congo-red paper and phenol-

phthalein for the determination of free hydrochloric acid and the

total acidity in the stomach contents.

Ten c.c. of the gastric juice are placed in a beaker and deci-

normal sodium hydrate solution is run in from a burette until a

drop of the fluid removed by means of a small platinum loop no

longer gives rise to a bright-blue color on Congo paper.

^ Magenkrankheiten, 1903, Leipzig.

2 Erkrankungen des Magens, second edition, Wien, 1903, p. 107. The
method was due originally to Morner : Jahresbericht d. Thierchemie, Bd. xix,

p. 253.
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If the change of color is not clearly defined, that produced by

the drop of gastric contents on the Congo paper should be com-

pared with the color change due to an equal sized drop of dis-

tilled water. In case there is any doubt about the reaction a

drop of the fluid may be removed and placed on an already dried

layer of .Giinzburg's reagent. This is then heated over a flame

and the presence or absence of red color noted.

A few drops of phenolphthalein are then added to the gastric

juice and the titration with ^/^^ alkah carried further until a per-

manent rose color is produced. The end point of the first reac-

tion gives the total free hydrochloric acid, the second, the total

acidity.

topfer's method ^

The method devised by Topfer is the best for the clinical deter-

mination of both free and loosely combined acid, and total acidity.

It is based upon the titration of the gastric contents with three

distinct indicators, each of which reacts in a different manner.

The titration is carried out with a decinormal solution of sodium

hydrate.^

Free Hydrochloric Acid.—To determine the amount of free

acid we use a 0.5 per cent, solution of dimethyl-amido-azobenzol

in strong alcohol. Ten c.c. of the unfiltered gastric juice are meas-

ured out into a small beaker and a few drops of the indicator added,

when, if hydrochloric acid is present, the yellow color of the indi-

cator will immediately change to a bright red. If this change does

not occur, no free hydrochloric acid is present and the method can

not be used even for the determination of the loosely combined

acid.

If, however, the change to red does take place, decinormal

sodium hydrate is added from the burette until the color of the

indicator has been changed from red to a bright yellow, and the

number of cubic centimeters required is noted. The number of

cubic centimeters used, multiplied by the equivalent factor of

hydrochloric acid, 0.00365, wifl give the amount of free hydro-

chloric acid present in the gastric contents;^ but it is far simpler

' Zeit. f. phys. Chemie, 1894, Bd. xix, p. 104.

^ See Appendix.

2 A convenient mnemonic for this figure is the number of days in the year.
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for clinical purposes to record the results in terms of the number

of cubic centimeters of decinormal solution used. In other words,

if we have used 4 c.c. of decinormal solution to neutrahze 10 c.c.

of the gastric juice, we should call the free acid 40, and may write

this as 1^ if preferred; for the amount of decinormal alkali re-

quired to neutralize 100 c.c. of such gastric juice would be 40 c.c,

and as 40 c.c. may be considered as an average amount of free

hydrochloric acid after an Ewald test meal, the amount may be

expressed by the same nomenclature as that used in ophthal-

mology for recording the efficiency of the eye, using the denomi-

nator of the fraction as the normal, and the numerator as the

amount found.

The Total Acidity.—The acidity due to all forms of free acids,

the loosely combined acid, and the acid phosphates may be deter-

mined by titrating 10 c.c. of the gastric juice after the addition

of a few drops of phenolphthalein solution. No change is noted

after the indicator is added except the formation of a white cloud

from the precipitation of the alcoholic solution by the water;

but as each drop of the sodium hydrate solution falls from the

burette and strikes the surface of the fluid in the beaker, a bright

pink cloud appears at the point of contact, rapidly disappear-

ing if the solution be stirred. As the end reaction approaches,

the color caused by the alkali remains longer and is more difficult

to remove by stirring, until finally a single drop will change the

whole fluid to a bright pink which can not be removed by stirring.

This is not the true end reaction; enough alkali should be added

until finally a drop produces no change in the depth of color of the

fluid.

The reason for this is that the acidity present is not neutral-

ized until a deep pink is obtained. The acid salts present are the

dihydrogen phosphates of the type MH2PO4 which are acid to

phenolphthalein. The addition of sodium hydrate changes this

to Na2HP04. This salt, however, is alkaHne to phenolphthalein,

so that the transition from a colorless to a pink fluid takes place

before all the NaH2P04 is transferred to Na2HP04. In order,

therefore, to estimate the whole acidity due to the phosphoric

acid, the addition of the alkali must be continued until the rose

color is no longer deepened by a drop of the sodium hydrate.

The end reaction is rendered sharper by saturating the solution

to be tested with sodium chloride. This diminishes the dissocia-
20
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tion of the Na2HP04 into NaH2P04 and NaOH, the latter giving

rise to the alkahne reaction in phenolphthalein.^

Loosely Combined Hydrochloric Acid.—The hydrochloric acid

in combination with the food of the test meal is determined by the

Topfer method of titrating 10 c.c. of the gastric juice with a deci-

normal sodium hydrate, using 1 per cent, aqueous solution of

alizarin as an indicator. The end reaction with this indicator is

difficult to obtain accurately, and the best method of making one-

self familiar with the color is to carry out the following tests which,

Topfer advises.

Two or three drops of the ahzarin solution added to 5 c.c. of

water will give a bright yellow. If now two or three drops of a 1

per cent, solution of disodium phosphate be added, a red or violet

color will appear. This is not the end reaction, but the proper

color may be obtained by adding two or three drops of the alizarin

solution to a 1 per cent, solution of sodium carbonate. This will

strike a deep violet with the alizarin solution and gives one the

proper end reaction.

In other words, the sodium hydrate must be added from the

burette until the yellow color has disappeared and the violet is no

longer deepened by the addition of another drop of the sodium
hydrate from the burette. This is best noted by placing the

burette containing the solution over a piece of white paper and
adding the drops carefully in the center of the fluid, and noting

whether a darker color is produced at the place where the drop

has fallen. When a drop of the sodium hydrate no longer pro-

duces a deeper colored cloud in the solution, the end reaction has

been obtained, and the amount of sodium hydrate used should be

read off from the burette.

Calculation of Results.—The results of the titrations are com-
puted as follows

:

{a) Dimethyl-amido-azobenzol reacts to free hydrochloric.

(6) Phenolphthalein reacts to free acid, the acid salts, and the

loosely combined acid.

(c) Alizarin reacts to free acids and acid salts.

Thus, if one subtracts c from b it is evident that the amount

'For further details, see Glaser : Indicatoren der Acidimetrie und Alkali-

metrie, 1901, Wiesbaden; and Treadwell: Analyt. Chemie, 1903, Bd. ii, Leip-
zig, p. 414.
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of loosely combined acid will be obtained, for the only difference

between the reagents c and 6 is in their reaction with the

loosely combined acid. This loosely combined acid must be

expressed in terms of hydrochloric acid, and preferably by the

form given above, where the amount of acid is estimated as if 100

c.c. of the gastric juice were used.

The total acidity varies greatly. In health it may reach 50

or 80 c.c. of decinormal sodium hydrate. In disease it may be

higher than these figures in hyperchlorhydria and very low in car-

cinoma. A neutral gastric juice is occasionally seen, but this

usually indicates contamination with saliva, which is alkaline.

The source of the error may be determined by adding a few drops

of dilute HCl and some ferric chloride to the stomach contents,

when the red ferric sulphocyanide will be produced if saliva be

present. The loosely combined acid varies somewhat accord-

ing to the nature of the test meal. It is higher with the Ewald than

with the Sahli meal. In general the amount varies within the

limits of 0.5 to 15 c.c. of decinormal soda.

The Topfer method is the most useful for general clinical work,

and the errors inherent in it do not in the least interfere with its

practical value in roughly estimating the acid content of the gas-

tric juice.

^

The method is inaccurate when free hydrochloric acid is not

present, as in this case the alizarin titration gives an incorrect

result. The amido-benzol titration is also influenced by large

quantities of organic acids ; but, as a rule, if free hydrochloric acid is

present, no amount of lactic or other organic acid is to be expected.

If organic acids are present in large quantities, however, the end

reaction is not accurate.

In case large quantities of organic acids are present it is best

to remove them by shaking out with ether and then testing the

remaining fluid. They are rarely present in quantity if free

hydrochloric acid is found. The unfiltered gastric juice is used in

all these tests because it has been found that if the food particles

are removed they carry with them a certain amount of the free

as well as the combined hydrochloric acid.

^ A very practical discussion of the subject may be found in a recent paper

by Benedict : Medical News, 1904, vol. Ixxxiv, p. 597.
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RESUME OF THE RESULTS OF THE TOPFER METHOD

The average amount of free hydrochloric acid found by the

Topfer method after a test meal in normal persons is quite variable.

In health it averages between 30 and 40, but as high as 80 or 90

may be seen in disease. The total acidity is usually 50 to 80, but

these figures vary not only with the time of day, the amount oV

acid being greater at noon than in the morning, but with different

races and with people of different social conditions, the higher

values being found among well-nourished people who use large

quantities of meat. The lower values come from the inhabitants

of the tenement districts. The amount of loosely combined acid

varies greatly. For practical purposes the figures obtained can

be combined with those of the free hydrochloric as representing

the amount of useful acid secreted. The average is 10 to 15 c.c.

METHOD OF MARTIUS AND lOtTKE

(Reissner's Modification)

For very accurate determinations for scientific purposes the

method devised by Martins and Liittke,^ as modified by Reissner,^

may be employed. It is too complicated for the routine clinical

determination of the free and combined acids of the stomach

contents.

The solutions required are

:

a. One-tenth normal sodium hydrate solution ;3

h. One-tenth normal silver nitrate solution

;

c. One-tenth normal ammonium sulphocyanide solution;

d. Litmus paper;

e. One per cent, alcoholic solution of phenolphthalein.

The stomach contents to be tested should be thoroughly

shaken and filtered, as Reissner believes that it is impossible to ob-

tain constant results with unfiltered juice owing to the food par-

ticles present. He recognizes, however, the fact pointed out by
Martins and Liittke that the total acidity in such cases is slightly

lower than when the unfiltered juice is used.

^ Die Magensaure des Menschen, Stuttgart, 1898.

2 Zeit. f. klin. Med., 1903, Bd. xlviii, p. 101.

^ See Appendix.
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a. Ten c.c. of the gastric contents are measured off and titrated

with decinormal sodium hydrate until the mixture is neutral to

litmus paper. This gives roughly the free plus the loosely com-

bined hydrochloric acid. The free hydrochloric acid can also be

determined in the same fluid by means of dimethyl-amido-azo-

benzol or Congo red, and the total acidity by means of phenol-

phthalein.

b. To another 10 c.c. of the gastric contents an amount of

decinormal sodium hydrate is added which is equal to the amount

required to neutralize litmus paper as determined by the previous

titration. This converts the free HCl into NaCl. The mixture

is placed in a platinum crucible and evaporated to dryness on a

water bath or over a flame, protecting the crucible from the direct

action of the flame by an asbestos plate. ^ The residue is heated

over a Bunsen burner as long as it burns with a luminous flame.

Further heating should be avoided because of the loss of the chlo-

rides from volatilization. The dried residue is moistened with

distilled water and rubbed up with a thick glass rod, washed on to

a filter, and the soluble salts extracted with about 100 c.c. of hot

distilled water. The filtrate is collected in a measuring flask of

200 c.c. capacity, 20 c.c. of decinormal silver solution are added,

and the mixture is filled up to 200 c.c. and filtered. One hundred

c.c. of the filtrate are measured off and decinormal ammonium
sulphocyanide solution is added from a burette until a perma-

nent yellowish red color indicates the transfer of the excess of

silver nitrate into sulphocyanide. This determination gives the

hydrochloric acid plus the chlorides.

c. An exactly similar experiment is carried out with the ad-

dition of only 10 c.c. of silver nitrate solution and without pre-

vious neutralization by decinormal soda. The hydrochloric acid

escapes on heating and the titration of the residue gives the

chlorides.

d. The total chloride content of the stomach mixture is deter-

mined by adding 10 c.c. of the untreated and unfiltered stomach

contents to 20 c.c. of the silver solution, diluting to 200 c.c, filter-

ing from the precipitate of chloride of silver and titrating 100

c.c. of the filtrate with the sulphocyanide solution.

^ It is convenient to use a crucible of hemispherical form which can be set

into a small wooden mold, so that the crucible will not be deformed when
rubbing the charred contents.
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The subtraction of the results obtained by c (chlorides) from

that obtained by h (hydrochloric acid plus chlorides), gives the

hydrochloric acid. The sum of the total chlorides, d, less the

results of a, gives the volatile chlorine compounds.

THE DIAGNOSTIC VALUE OF THE DETERMINATION OF
HYDROCHLORIC ACID

For a practical guide in dispensary work for the approximate

classification of cases, the mere determination of the presence of

free hydrochloric acid with Congo or amido-benzol paper will

answer all requirements. For the more intelligent treatment of

a patient with stomach trouble the determination of the total

amount of free hydrochloric and combined acid is useful, but the

results must be interpreted with great caution and should be based

upon not less than three examinations made at intervals of several

days. If free acid is absent, tests for the ferments and lactic acid

should be made. It has been found that the first test meal very

often shows an exceedingly low value for free hydrochloric, for

which no other interpretation can be made than that the patient's

fear of the washing out of the stomach has inhibited the normal

action of the stomach mucous membrane.

We may consider the following clinical conditions

:

1. Euchlorhydria, in which there is present a normal amount
of hydrochloric acid. We may exclude under these circumstances

organic changes in the mucous membrane of the stomach, such as

go with a chronic gastritis, and can refer the symptoms of this latter

condition, if present, to a nervous dyspepsia. The presence of a

carcinoma of the stomach is improbable, unless the new growth

has arisen upon the base of an old ulcer—a very rare phenomenon.
A normal amount of free hydrochloric may exist in connection

with a marked atony of the muscular coat of the stomach and ex-

tensive dilatation of that organ.

2. Hypochlorhydria.^-The amount of hydrochloric acid is low,

under 0.1 per cent. The constant presence of such a condition may
indicate a subacute or chronic gastritis, though the* diminution

may also be seen in connection with cases of ulcer of the stomach
or duodenum or in early carcinoma, and in cases of dilatation

of the stomach. The amount of acid is usually diminished in acute

infectious diseases and generally in advanced tuberculous ca-

chexias. Great care should be taken, in cases where an analysis
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shows a reduction in the amount of free hydrochloric acid, to

exclude an admixture of saliva with the stomach washings, such

as may easily occur unless care is taken to wrap a towel about

the upper end of the stomach tube while washing out the contents

of the stomach.

3. Hyperchlorhydria.—There is an excess of acid above 0.2 per

cent. This may be a symptom of an excessive physiological

secretion of hydrochloric acid such as is occasionally met with in

healthy people, or it may appear in the beginning of a gastritis

or as a symptom of a neurosis, especially in the form of the so-

called Reichmann's disease or continuous hypersecretion. The
stomach may or may not be dilated under these conditions.

Finally, a certain number of cases of ulcer of the stomach are con-

nected with this hyperacidity. The presence of this hyperacidity

with undoubted symptoms of carcinoma of the stomach suggests,

but does not prove, that the carcinoma has developed upon the

base of an old ulcer.

4. Achlorhydria or Absence of Hydrochloric Acid.—This is a

most frequent symptom of an advanced chronic gastritis. It is

seen also in connection with neuroses of the stomach, but the two

conditions may be distinguished by the fact that in the neuroses

the ferments are still present in normal or slightly diminished

quantity, while in chronic gastritis the ferments disappear or are

present only in traces when the acid is absent. The absence of

free hydrochloric acid is also a corroborative evidence of carcinoma

of the stomach, though it has long been known that this symp-

tom is present in only a moderate number of cases. The acid is

regularly absent in pernicious anaemia.

In very rare cases not only free hydrochloric acid is not present,

but there is no acid found when the gastric juice is titrated with

phetiolphthalein. Such a condition may arise in atrophic gastri-

tis without disturbance of motility. If the stomach were dilated

lactic acid fermentation would be probable, with a total acidity of

30 to 40.

5. Heterochylia is a term used to designate a condition in which

the acid varies greatly on successive examinations.^ When, after

a few examinations, a very variable amount of free acid is found,

the condition is probably a neurosis or a moderately advanced

* See Hemmeter : Diseases of the Stomach; also Korn : Arch. f. Verdau-

ungskrankheiten, 1902, Bd. viii, p. 75.
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gastritis ; but occasionally in connection with carcinoma of the

stomach there are noticed very great fluctuations in the amount of

acid secreted. In secondary dyspepsia, such as follows pulmonary

tuberculosis, cardiac disease, diabetes, nephritis, etc., regular vari-

ations in the amount of hydrochloric acid secreted have not been

observed. These diseases may show either normal, diminished,

or increased hydrochloric acid.

ORGANIC ACIDS

In food there is always a small quantity of lactic acid derived

either from milk, bread, or meat. After an Ewald test meal there

may be traces of lactic acid derived from the roll, while the Riegel

test meal always gives a stronger lactic acid reaction due to the

presence of sarcolactic acid, a dextrorotatory isomer of the optically

inactive lactic acid formed by fermentation. Other organic acids,

such as butyric and acetic acids, are formed directly in the stomach

by the fermentation of carbohydrates. Lactic acid is the only

one of any great clinical importance. The qualitative reactions for

lactic acid are easily apphed and are of great value in diagnosis.

QUALITATIVE TESTS FOR LACTIC ACID

Uffelmann's test ^ is one of the first devised, and is practically

trustworthy in pure solutions of lactic acid ; but, under conditions

which frequently exist in stomach washings, the organic substances

present interfere so greatly with the carrying out of this reaction

that it is no longer considered of much value. It is given here

merely because it is the classical reaction for lactic acid. Ten
c.c. of a 4 per cent, carbolic acid solution are mixed with 20 c.c.

of water and a few drops of 10 per cent, ferric chloride. The mix-

ture must always be freshly prepared. A few drops of yV per cent,

lactic acid causes a beautiful canary yellow color to appear in the

deep amethyst fluid.

The test is more reliable if the lactic acid is first extracted by
shaking up the stomach contents with ether, and then allowing

the ether to evaporate in an open dish and dissolving the residue in

water and then applying the test as above. This removes many
of the sources of error, especially those due to the phosphates.

' Deut. Arch. f. klin. Med., 1880, Bd. xxvi, p. 431.
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Ive 1>«

glucose, and albumose, all of which are con-

tained in the gastric contents.

Kelling's Test.^—The filtrate of the stomach

contents is diluted ten times, and one or two

drops of a 5 per cent, solution of ferric chloride

are added. If more than one part of lactic acid

to 15,000 is present, a pale, yellowish-green

color will appear in the fluid. This test is not

interfered with by the substances which render

Uffelmann's reaction useless.

A preferable method 2 is to dilute two

drops of 10 per cent, ferric chloride with 5 c.c.

of distilled water, and add the gastric juice

drop by drop. The presence of phosphates is

less likely to interfere with the production of

the proper color by the formation of an insolu-

ble ferric phosphate than in the regular way of

performing the Kelling test.

Strauss*s Test.—A better procedure, how-

ever, is that of Strauss,^ which permits a rough

estimation of the amount of lactic acid present.

A small separating funnel is employed grad-

uated to hold 5 c.c. and 25 c.c. The funnel is

filled to the mark 5 with the filtered stomach

contents and then to the mark 25 with ether.

The combination is strongly shaken for

a few minutes and then allowed to stand,

when the ether will separate out as a clear

layer above the rather milky gastric fluid. The
small cock at the lower end of the funnel is

then opened and the gastric contents and ether

allowed to run out until the mark 5 is reached.

This leaves 5 c.c. of ether in the funnel. This

ether has extracted the lactic acid from the

fluid. The funnel is then filled up to mark 25

with distilled water. Two drops of a 10 per

cent, ferric chloride solution are added and the whole gently

shaken. If 0.1 per cent, of lactic acid is present in the gastric

^ Zeit. f. phys. Chemie, 1893, Bd. xviii, p. 397.
2 Bonniger : Deut. med. Woch., 1902, p. 738. ^ Berl. klin. Woch. , 1895, p. 805.

Fig. 71.

—

Strauss
Tube for Lac-
tic Acid Test.
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contents, the water will take on a very intense yellow-green

;

0.05 per cent, will still show a slight green color. Amounts

smaller than this give no reaction.

QUANTITATIVE DETERMINATION OF LACTIC ACID

The amount of organic acid present in the gastric juice when

free hydrochloric acid exists in normal amounts, is very small and

the quantitative determination is of no clinical importance.

Lactic acid when present in considerable quantity may be approx-

imately determined by the Strauss method or, according to Leo,

by boiling 10 c.c. of gastric juice, previously acidulated with a few

drops of H2SO4, until the vapors of the volatile fatty acids given

off no longer redden moistened litmus paper. The fluid is then

filtered, evaporated to a sirup on a water bath, filled up to the

original bulk, and again evaporated. The residue is extracted

four times with 50 c.c. of acid-free ether and the ether removed by

evaporation. The hydrochloric acid remains in the watery residue.

The residue is dissolved in water, a few drops of phenolphthalein

are added, and it is then titrated with ^/^^ NaOH. Each c.c.

used corresponds to 0.009 gram of lactic acid.

This method furnishes only approximately accurate results as

a portion of the lactic acid is decomposed by the action of the

sulphuric acid. Only a small quantity of very dilute H2SO4 should

be added.

A very exact method has been devised by Boas,^ but it is com-

plicated, and as very accurate results are of little importance to

the practitioner, the procedure need not be given here.

QUALITATIVE TESTS FOR VOLATILE FATTY ACIDS

The volatile fatty acids in the gastric juice are chiefly butyric

and acetic acids. The former can often be recognized by the

strong odor of rancid butter, the latter can be determined less fre-

quently by its vinegar-like odor.

For cHnical purposes the presence of these acids is easily

demonstrated by heating a few c.c. of the gastric contents in a test

tube, in the upper end of which is suspended a strip of moistened

blue litmus paper. The Utmus paper will be reddened if any
volatile acids are present.

For a more accurate identification of the volatile acids it is

^ Magenkrankheiten, I. Theil, 5. Auflage, 1903, p. 212.
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necessary to use from 15 to 20 c.c. of the gastric contents. Two
grams of sodium sulphate are added to the gastric juice and the

mixture is shaken out three times with 50 c.c. of acid-free ether.

The ether is evaporated and the residue separated into two por-

tions, one of which is tested for acetic acid, the other for butyric.

1. Test for Acetic Acid.—The residue is dissolved in water,

accurately neutrahzed with a dilute sodium carbonate solution, and

a few drops of ferric chloride are added. If acetic acid is present

the fluid assumes a blood-red color and when boiled gives a brown-

ish-red precipitate of basic ferric acetate.

Formic acid gives the same reactions, but appears very rarely in

stomach contents.

2. Test for Butyric Acid.—The second portion of the residue is

dissolved in two or three drops of water and a very small fragment

of calcium chloride is added to the solution. Butyric acid is insol-

uble in a concentrated calcium chloride solution, so that if any of

the acid is present it will be separated from the fluid in the form of

small fat drops which float on the surface and have the character-

istic odor of rancid butter/

DIAGNOSTIC VALUE OF TESTS FOR ORGANIC ACIDS

Lactic acid is not produced in the normal stomach during

digestion, and when found in such conditions has been introduced

in the food. It is evidentj then, that tests for lactic acid must be

made with a certain reserve unless the Boas test soup has been

administered. Practically, however, the bread of the Ewald test

meal does not usually contain sufficient lactic acid to give a

strong reaction, so that a special meal need be given only when
the determination is of special importance.

The stomach should be washed out before giving a test meal to

a patient suspected of carcinoma, for in these cases there is likeli-

hood that food from previous meals may be retained in the stomach

and give the lactic acid reaction. The presence of lactic acid in

the stomach contents in large amounts is suggestive but not

pathognomonic of carcinoma. Its presence is an indication rather

of stagnation of the stomach contents with fermentation, and also

of the absence of free hydrochloric acid. The latter ordinarily

checks the fermenting action of the bacilli from the food and

^ Kowarsky : Lehrbuch d. klin. Untersuchungsmethoden, 1903, Bd. i, p. 29.
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mouth, some of which possess the power of producing lactic acid

from the carbohydrates. Lactic acid is not found where the motil-

ity of the stomach is not impaired and free hydrochloric acid is

abundant. The volatile fatty acids have the same diagnostic

value as lactic acid.

TESTS FOR GASTRIC FERMENTS

I. Pepsinogen and Pepsin.—In practical work no distinction

need be made between pepsin and pepsinogen, the latter being

rapidly converted into pepsin in the presence of dilute hydrochloric

acid, and the tests ordinarily applied indicate only the presence

or absence of pepsin.

These tests are of distinctly less value from a practical point of

view than those for hydrochloric acid, as in almost all cases in

which a sufficiency of free HCl is present there is also an abun-

dance of pepsin, indeed, it is generally present even if the HC] be

absent, as the pepsin-producing power of the gastric mucosa is

apparently less likely to be affected by disease than that of the

production of free acid. For this reason the tests for pepsin are

chiefly of value in cases showing no free HCl, when there may be

present an advanced lesion of the gastric mucosa.

Qualitative Test.—Ten c.c. of the filtered gastric contents, to

which has been added a sufficient amount of dilute hydrochloric

acid to bring the acidity to from 0.2 to 0.5 per cent., should that sub-

stance prove to be absent, are placed in a test tube and a small disk

of coagulated egg albumin is added. The test tube and its con-

tents are then placed in a warm place, preferably an incubator

at 37° C, and left for two to three hours, with occasional shaking

of the fluid. At the end of this time a disk of egg albumin 1.5 mm.
thick and 10 mm. in diameter should be completely dissolved.

These disks can be conveniently cut out with a cork borer from a

block of white of egg which has been just coagulated by heating

on a water bath. Longer boiling causes the albumin to become
extremely difficult of digestion. The cylinders so obtained are cut

transversely by a razor into slices 1.5 mm. thick and preserved

in glycerin. Before using they should be washed off in water.

Each set of disks should be carefully controlled by tests on speci-

mens of normal gastric juice in order to determine the digestion

time. This varies a good deal with each set of disks and should be
noted on the bottle containing them.
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Disks of dried albumin or small flocculi of fibrin colored with

carmine may also be used. The digestion of the fibrin, especially,

takes place very rapidly.

Quantitative Test.—An excellent roughly quantitative method,

quite sufficient for cUnical purposes, is that of Hammerschlag.i

A 2 per cent, stock solution of egg albumin is prepared and

enough hydrochloric acid added to give about 0.4 per cent, of free

acid. Ten c.c. of the albumin solution are measured off into two

separate beakers. To one are added 5 c.c. of the filtered gastric

juice, to the other 5 c.c. of water. Both are placed in an incubator

or left in a warm place for an hour.

The amount of albumin in each beaker is then determined by

means of an Esbach albuminometer. The control, to which only

water has been added, will give the percentage of albumin in the

stock solution used, while in the contents of the beaker to which

the gastric juice was added, only the albumin which has not been

acted on will be precipitated. The difference between the two

results will give the amount of albumin digested and furnish an

index to the digestive activity of the gastric fluid under considera-

tion. The method gives only approximate results.^

Method of Mett.^—The white of several eggs is separated from

the yolk and beaten up so as to produce a uniform thin fluid, and

then filtered into a flask and the latter connected with a filter

pump. The fluid is kept at reduced pressure for several hours to

remove any air which may be present. It is then poured into a

tall beaker or a large test tube and a package of capillary tubes, 2

mm. in diameter and 10 cm. in length, are dropped into the vessel.

The fluid should be of such a height that when the tubes are filled

their upper ends are covered by some of the albumin solution.

The beaker containing the tubes filled in this manner with the egg

albumin is placed for five to fifteen minutes, depending upon the

bulk of the fluid, in a water bath at 95° C, thus coagulating the

albumin in the tubes. The tubes are removed and each cleaned

^ Intemat. klin. Rundschau, 1894, No. 39, Bd. viii, p. 1392.

^ Schorlemmer : Arch, f . Verdauungskrankheiten, 1902, Bd. viii, p. 299.

• ^ Pawlow : Die Arbeit der Verdauungsdriisen, 1898, p. 31 (the original

article by Mett is in Russian) ; see also Linossier : Journal de physiologic et

de pathologic g^nerale, tome i, 1899, p. 281; Roth: Zeit. f. klin. Med., 1900,

Bd. xxxix, p. 1; Schorlemmer: Archiv f. Verdauungskrankheiten, 1902, Bd.

viii, pp. 299 and 447.
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off and the end closed with sealing-wax. To test the peptic power

of digestive fluids, sections of about 2 cm. in length are cut from

the tubes, using a fine file or a pair of scissors, and placed in a few

c.c. of the gastric juice to be tested. At the end of ten hours the

amount of albumin removed from the column by digestion is care-

fully determined^ using a millimeter scale and a magnifying-glass.

The digestive power of the juice is computed by the formula of

E. Schiitz,! according to which the relative amount of pepsin in

two fluids is proportional to the square of the column of albumin

digested^ For example, if in two different fluids, 2 and 3 mm.
respectively are digested in the same time, the amounts of pepsin

present are not as two to three, but as four to nine.

It has recently been shown,^ however, that Schiitz's law

does not hold with the gastric juice, unless the latter be diluted

sixteen times by the addition of 15 c.c. of a twentieth normal

hydrochloric acid to 1 c„c. of the filtrate of the stomach con-

tents. The Mett tube is digested for twenty-four hours and the

length of the column digested carefully measured. Normally 4

mm. is the upper limit for digestion in human gastric juice.

Controls must always be made on each set of tubes made up,

as the digestibility of the coagulated egg albumin varies. For

clinical purposes the approximate results obtained with the un-

diluted juice are quite sufficient.

Method of Thomas and Weber.—Another means 3 of deter-

mining in a quantitative manner the action of pepsin on the

proteids is based upon the digestion of a pure solution of casein

in 0.2 per cent, hydrochloric acid.

A measured quantity of the gastric juice is added to a measured
amount of the solution and a control with normal juice is made
under similar conditions. After digestion has taken place the

whole is poured into a 20 per cent, solution of sodium sulphate.

The undigested casein is precipitated, collected on a weighed
filter, and dried, and the weight of the filter and its contents is

determined on a balance. A preliminary test of the strength of

» Zeit. f. phys. Chemie, 1885, Bd. ix, p. 577. J. Schatz : ibid., Bd. xxx,
p. 1, 1900.

^ Nirenstein u. Schiff : Archiv f. Verdauungskrankheiten, 1902, Bd. viii,

p. 559.

3 Thomas u. Weber: Cent. f. Stoffwechsel- u. Verdauungskrankheiten, 1901,
Bd. ii, p. 365.
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the casein solution must be made in the same manner, the differ-

ence between this amount and that obtained after digestion giving

the portion acted upon by the pepsin.

It is evident that the method is suitable only for experimental

work and can not be used by the practitioner as a routine pro-

cedure.

Chjrmosin.—Three to five drops of the gastric contents are

added to 10 c.c. of milk, and the mixture warmed to about

35° C, either in hot water or in an incubator. If coagulation

takes place in fifteen minutes chymosin is present in moderate

amounts.

The zymogen appears only in gastric contents which contain

no free HCl. The zymogen may be rendered active by the addi-

tion of 2 to 3 c.c. of a 1 per cent, calcium chloride solution to

10 c.c. of the faintly alkaUne gastric contents, and then adding

1 c.c. of milk and warming the whole to 37° C. If coagulation

takes place in a few minutes the presence of the zymogen is

proven.

The Quantitative Test for Chymosin.—The gastric contents are

carefully neutrahzed with decinormal soda solution and three

dilutions made of the juice so diluted. One should be 1 to 10,

one 1 to 20, and another 1 to 40. Ten c.c. of these dilute solutions

of chymosin are then added to 10 c.c. of boiled milk, which is also

accurately neutral, and the three test tubes placed in the incu-

bator. The normal amount of chymosin will coagulate milk in a

dilution of the gastric contents of 1 to 40, the zymogen 1 to 100

or 150.

The milk for these tests is conveniently kept in test tubes with

cotton plugs and sterilized as if for bacterial cultures. The whole

quantity of milk to be tubed should be boiled and allowed to

stand overnight in a cool place until the cream has risen. The

milk is then siphoned off without disturbing the layer of cream

and neutralized. It is then tubed in accurately measured amounts

of 10 c.c. and sterilized three times on three successive days. If

the tubes are kept for a long time, the amount of milk present

will diminish from evaporation and must be made up by the addi-

tion of water at the time the tube is used in the test.

Quantitative Determination of Lipase.—In order to determine

the presence and amount of the fat-splitting ferment, it is necessary

to use a very fine emulsion of fat, as otherwise the action of the
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ferment will be exceedingly slight. Volhard ^ and Stade 2 recom-

mend the following procedure.

The fat emulsion used is obtained by shaking up the yoke of an

egg with 30 or 40 c.c. of water. Ten c.c. of this fat emulsion are

mixed with a measured quantity of the neutralized gastric juice,

both fluids being of the body temperature. The mixture is then

set aside in an incubator for a suitable time, usually ten hours.

At the end of this time the mixture is cooled and shaken up with

about 75 c.c. of ether containing 2 c.c. of alcohol. A measured

portion of the ethereal extract is poured into a flask, mixed

with 50 c.c. of acid-free alcohol and the mixture titrated with

aqueous decinormal sodium hydrate, using phenolphthalein as an

indicator. The end reaction is indicated by the appearance

of a faint rose color. This gives the amount of fatty acid formed

by splitting the fat. Ten c.c. of norinal sodium hydrate are then

added to the titrated mixture and the whole is boiled for two hours

on a water bath. The flask should be provided with a condensing

tube which is united at one end with a tube containing soda-lime

to absorb the carbonic acid of the atmosphere.

Instead of boiling, the mixture can be allowed to stand for

twenty-four hours at room temperature. The saponification of

the unaltered fat is then completed. The fatty acids are set free

from the soap by the addition of exactly 10 c.c. of normal hydro-

chloric acid, and the mixture is titrated a second time with deci-

normal sodium hydrate, using phenolphthalein. The amount of

decinormal solution used shows the amount of fat not acted upon
by the ferment. The sum of the number of cubic centimeters

used for both titrations gives the total amount of fatty acids

present in the fat emulsion. If, for example, the first titration

required 7 c.c. of decinormal sodium hydrate, and the second

28 c.c, it is evident that 7 of the 35 parts of fatty acid were
separated from the fat by the action of the ferment. That is, 20
per cent, of the fat was split up into fatty acid.

In order to compare the results of different tests it should be
remembered that the same quantity of ferment spHts twice as

much fatty acid from the mixture in four hours as in one hour;
that is, the amount reduced is in proportion to the square root
of the time of digestion. If we assume as a unit the amount of

^ Zeit. f. klin. Med., 1901, Bd. xlii, p. 414.
^ Beit. z. phys. Chemie, 1903, Bd. iii, p. 291.
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ferment which is spUt in one hour, 1 per cent., it is possible to

compute the strength of the ferment from the formula

—

T
E2 being the square of the percentage of fatty acid produced. In

the above example, as 20 per cent, of the fat was spHt, and the

time of digestion was ten hours, the amount of ferment present

was

400 4- 10 = 40 units.

The only result possessing cHnical interest, which has been

obtained so far by the appHcation of this method, is that with

diminished secretion, or achyha, the fat-splitting ferment dimin-

ishes very greatly, more so than the pepsin, and often is entirely

absent.

TESTING STARCH DIGESTION IN THE STOMACH

Starch is altered by the ptyaHn of the saliva into soluble starch,

or amidulin, this into erythrodextrin, which by the same process

becomes achroodextrin, the final product being chiefly maltose..

AmiduHn is colored blue by Gram's solution, erythrodextrin gives

a violet or mahogany-brown color, while achroodextrin is not col-

ored by iodine.

If Gram's solution is gradually added to a mixture of the above

compounds, the achroodextrin, on account of its greater affinity,

will combine with the iodine added until an excess is present,

when the brown color of the erythrodextrin will appear and

finally the blue of the amylodextrin or amiduHn.

As a rule, the action of the ptyalin is inhibited by the free acid

of the gastric juice in a short time after the arrival of the food in

the stomach, but the action of the salivary ferment is so rapid

that a considerable amount of starch is changed to dextrin by

the time the food reaches the stomach. The researches of J. Miiller ^

have shown that from 50 to 80 per cent, of the starch contained

in the food may be in soluble form in the stomach even though

the normal secretion of hydrochloric acid had taken place. Espe-

cially is this the case if the food material is thoroughly masticated

and then swallowed in the form of a rather large bolus, into which

the acid of the gastric juice can penetrate but slowly. In general

it may be assumed that with a normal salivary ferment action a

1 Verb. d. XIX. Kong. f. inner. Med., 1901, p. 321.

21
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considerable quantity of the starch of a test meal will reach the

stage of erythrodextrin before the action of the ferment is checked

by the free hydrochloric acid, while if free hydrochloric acid is

not present, achroodextrin will be formed in large amounts. If,

therefore, we add some Gram's solution to either the residue left

after filtering or the filtrate of a test meal, and a strong blue color

is immediately obtained, we may assume that hyperacidity exists

and that the action of the ptyalin has been rapidly checked. If a

small amount of achroodextrin is present the gastric digestion

may be considered as normal ; while if a large amount of achroodex-

trin is present and only a faint reaction for erythrodextrin is

obtained, an absence or at least a marked diminution, in the

amount of hydrochloric acid may be assumed. It will be noted

that no consideration is paid to the possibility that variations may
occur in the activity of the ptyaHn; but this supposition may be

neglected, for the secretion of the salivary ferment is rarely altered

by disease.

The results obtained above are based upon the assumption that

the starch of the test meal has been cooked; raw starch is acted

upon by the ptyalin with difficulty.

DIAGNOSTIC VALUE OF TESTS FOR ENZYMES
As a rule, the production of the enzymes by the cells of the

stomach mucosa varies far less under the influence of the nerv-

ous system than the production of hydrochloric acid. Thus the

hydrochloric acid may be absent in nervous dyspepsia, in men-
strual anomalies, from chronic congestion of the stomach in heart

cases, etc., while during this time the cells producing pepsinogen,

Hpase, and the milk-curdhng zymogen may be excreting a fairly

normal amount of these ferments. Hydrochloric acid may be
absent quite constantly in early cases of chronic gastritis, while
normal amounts of the ferments are still present. SuTlh cases are

capable of much improvement after a careful course of treatment,
while in those cases in which the ferments are absent or very
greatly diminished a very considerable alteration in the mucosa
may be assumed and treatment may be expected to be of little

value. The detection of the ferments then permits the easy dis-

tinction of functional disturbances of the stomach from advanced
lesions of the mucous membrane of the organ. They are, however,
usually present even in advanced gastric carcinoma.
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The tests for the milk coagulating ferment are especially con-

venient in judging of the condition of the secreting cells, as they

require only a small amount of gastric juice to carry them out and

no free acid, while the results are obtained promptly. Glaessner i

has recently found that the chymosin is secreted chiefly by the

fundus glands, while pepsin is derived from both the fundus and

the pyloric group. He has suggested the possibility of a topical

diagnosis of carcinoma based upon the diminution in chymosin

which would be expected if the fundus were largely involved.

TESTING THE MOTILITY OF THE STOMACH
An exact method of determining the motility of the stomach

is still lacking. For clinical purposes the results obtained after

the administration of a Riegel test meal and washing out the

stomach at the end of seven or eight hours, are about as valuable

as more complicated tests. A similar test can be made after the

Ewald test meal by washing out the stomach two hours after the

meal has been given and noticing how much food still remains. In

a stomach with normal motility practically all evidence of the test

meal will have disappeared. This does not prove, however, that

the food has been digested ; it may have passed the pylorus in a

very slightly altered form.

The salol test of Ewald is based upon the supposition that

salol is only split up into its components, phenol and sahcylic

acid, by the intestinal juices, and that no absorption of this drug

takes place in the stomach. If, then, one gram of salol is given

in a capsule after a meal, the bladder having been previously

emptied, and the urine is tested by ferric chloride for sahcyhc

acid, the presence of the latter should be made out in from one

to one and a half hours. In cases of retarded motility and in some

normal persons, two hours or more may elapse before the violet

color due to the presence of the salicylic acid makes its appear-

ance.

Instead of adding the iron salt to the urine, Einhorn suggests

moistening a strip of filter paper with the latter fluid and then

placing a drop of ferric chloride on the moistened sHp. The

edges of the drop assume a violet color and the papers may be

labeled and preserved for comparison later with similar tests.

^ Berl. kiln. Woch., 1902, p. 675.
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It has been found, however, that occasionally salol is split up

by the mucus contained in the stomach, so that this test has lost

some of its supposed value.

The use of iodipin in this test has been suggested. ^ This sub-

stance is not decomposed in the stomach but in the upper intes-

tine by the action of the pancreatic juice. The drug is given in a

capsule and the saliva is tested every fifteen minutes for iodine

with starch paper and fuming nitric acid. The reaction usually

appears within fifteen to forty-five minutes in normal persons.

TESTING THE ABSORPTIVE POWER OF THE STOMACH

The absorptive power of the stomach may be tested by giving

a few grains of potassium iodide in a gelatin capsule, which has

been carefully washed off after filling, and testing the saliva at

intervals of two or three minutes with a little starch paste or

starch paper, and some nitric acid. Instead of nitric acid, the

starch paste or paper may be treated (in the dark) with a 5 per cent,

ammonium persulphate solution and dried. Any iodide gives a

deep blue color on this paper. In from six to ten minutes in

healthy persons, a distinct violet color can be observed, and at

the end of fifteen minutes a deep blue from the presence of iodine

in the saliva; but the results of this test are not of great value,

inasmuch as rapid absorption has been found in dilatation of the

stomach and in chronic gastritis.

DIAGNOSIS OF DISEASES OF THE STOMACH
ULCER OF THE STOMACH

The diagnosis of ulcer of the stomach depends chiefly upon
the clinical symptoms of the disease and not upon the examination

of the stomach contents. The presence of blood in the washings

and the high figures obtained for free acid may be suggestive

;

but, as a rule, it is wiser not to pass a tube on a case of suspected

ulcer. The faeces often give reactions for blood.

DILATATION OF THE STOMACH

This condition (also termed mechanical insufficiency of the

stomach) gives rise to significant changes in the stomach contents.

The most important of these is the retention of food particles in

the stomach for twenty-four to forty-eight hours, or even longer.

^ Winkler u. Stein: Cent. f. inner. Med., 1899, Bd. xx, p. 849; Heichelheim:

Zeit. f. klin. Med., 1900, Bd. Ixi, p. 321. ,
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The patients often vomit large quantities of fluid. The acidity

may be diminished, and in these cases small quantities of lactic

acid are found. ^ The organic acids, however, frequently dis-

appear after the stomach has been washed several times. Some

cases, especially those with most marked dilatation, show normal

or even increased acid and consequently no large amount of organic

acids. The ferments are apt to be diminished when the hydro-

chloric acid is low. Bacteria are usually very abundant, especially

in advanced cases of dilatation. The amount of urine is dimin-

ished and the chlorides in that fluid are often low. The resorption

of potassium iodide is delayed. On the whole the practitioner

will learn more from the physical examination of the patient than

from the chemical or microscopical study of the gastric contents.

' ACHYLiA GASTRiCA (Atrophic Gastritis)

This is a rare condition, perhaps most often seen in connection

with pernicious anemia. The examination of a test meal shows

that the food is not digested. Free hydrochloric acid is absent;

the total acidity is low. Lactic acid may be present in small

quantities. The ferments are much diminished and frequently

absent entirely. The motility of the stomach is well preserved

and retention of food particles is not usual. The resorption of

potassium iodide is not delayed.

CONTINUOUS HYPERSECRETION 2 {GastrosuccorrhoBo)'^

The symptoms connected with the continued secretion of

large quantities of gastric juice are of sufficient importance to

warrant the collection of these cases under a common title, al-

though as yet opinions are somewhat divided as to the patho-

genesis of this disease.

Possibly the most generally accepted view is that it is a func-

tional neurosis of th6 stomach which results in the continued

secretion of abnormal amounts of gastric juice.

The objective symptoms are

:

a. A considerable quantity of gastric juice is present in the

fasting stomach. Authorities differ somewhat as to the amount
^ Strauss: Zeit. f. klin. Med., 1894, Bd. xxvi, p. 514; ibid., 1895, Bd. xxvii,

p. 31.

2 Riegel: Zeit. f. klin. Med., 1886, Bd. xi, p. 1; 1887, Bd. xii, p. 426.
3 Reichmann: Berl. klin. Woch., 1882, p. 606; 1884, pp. 21 and 768.
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which may be considered as pathological. Strauss i is inclined to

regard 10 c.c. as an abnormal amount, and 40 c.c. as an evidence

of hypersecretion; while Boas places the Hmit at 100 c.c. The

secretion so obtained must be free from all food remnants, and

should contain no sarcinae or yeasts, nor should it give gas when

mixed with dextrose and allowed to ferment at incubator tem-

peratures. If the fluid contains food remnants or responds to

the above test it is probably retained secretion due to poor motihty

and not hypersecretion.

h. There is usually an increased amount of free hydrochloric

acid in the gastric juice and in the stomach contents after a test

meal, often rising to 60 or 80 c.c. of decinormal alkali.

c. Owing to the high acidity, there is diminished starch digestion

after the administration of a test meal and the iodine reaction

gives a dark blue color instead of the usual pale red or purple.

d. There is a moderate dilatation of the stomach with slight

loss of motihty.

e. The chlorides of the urine are generally reduced in amount.

This reduction may be very great if the patient vomits the excess-

ive secretion. In one case reported by Strauss the chloride secre-

tion fell to 0.44 gms. in twenty-four hours.

DIAGNOSIS BETWEEN CHRONIC GASTRITIS AND NERVOUS

DYSPEPSIA

The differential diagnosis between chronic gastritis and a

neurosis of the stomach is in typical cases a very difficult matter,

occasionally quite impossible. There is no single symptom which

can not be found in both. The clinical course of the disease in

a neurotic person may or may not be of value. Chronic gastritis

may incite or may be accompanied by neurasthenia. The ex-

amination of the stomach contents often furnishes points of value

upon which the differential diagnosis may be made, if a sufficient

number of examinations are carried out to eliminate the transient

differences in the chemical constitution of the gastric juice.

As characteristic of chronic gastritis we find that the stomach

contents in a fasting condition always contains a large amount
of mucus, accompanied by epithelial cells from the mucous mem-
brane of the stomach and clumps of leucocytes. An increase,

^ Untersuchungen iiber Magensaftfluss, Jena, 1903.
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diminution, or absence of hydrochloric acid, by itself, is equally

characteristic of a neurosis or of gastritis; but the amount of

hydrochloric acid secreted in a stomach the site of a gastritis,

is quite constant over a period of several examinations, while

neurotic cases are characterized by a very great fluctuation in

the amount of acid obtained by analysis.

The determination of the amount and activity of the ferments

secreted is of very considerable importance. In neurosis of the

stomach the ferments are present in a normal amount, even though

the hydrochloric acid be diminished, while in chronic gastritis the

ferments are diminished in amount, especially in advanced cases.

The diminution of the ferments, accompanied by an increase of

the mucus of the stomach, is considered by Boas as very sig-

nificant of chronic gastritis. Occasionally small fragments of

the mucous membrane of the stomach may be obtained from the

wash water, and a microscopic examination of these may show

a chronic inflammation characteristic of chronic gastritis.

DIAGNOSIS BETWEEN CHRONIC GASTRITIS AND CARCINOMA OF

THE STOMACH

Both of these conditions may cause a very marked loss of

weight and a severe ana3mia. The subjective symptoms are the

same for both diseases, especially as cases of carcinoma are usually

accompanied by more or less chronic gastritis. This, however, is

not always the case, for carcinoma occurs fairly often in a stomach

which has never given the slightest evidence of functional in-

efficiency. Advanced cases of carcinoma of the stomach show

a more severe emaciation than chronic gastritis. Occasionally,

by palpation of the stomach after inflation, it is possible to obtain

some evidence of a tumor, which furnishes a positive proof of

the condition present. The dilatation of the stomach which

occurs in carcinoma is less often seen in chronic gastritis; and

the stomach in the latter condition, except for the presence of

mucus, is usually empty, while in carcinoma it is regularly possible

to find more or less food in the washings obtained from a fasting

stomach. The presence of free hydrochloric acid speaks against

carcinoma. In chronic gastritis the hydrochloric acid is usually

reduced and the organic acids are not usually abundant, while in

carcinoma the presence of abundant lactic acid can be determined

in a large majority of cases. On the other hand, it is well known
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that in carcinoma of the stomach, more or less motility may per-

sist for a long time, and that in such cases the analysis of the gastric

contents may coincide perfectly with that found in chronic gas-

tritis. In such a dilemma, the effect of forced feeding of the

patient is valuable, but should be practised for a short time only,

for if the condition should prove to be malignant, the delay might

render surgical interference hopeless. If the weight can be in-

creased by careful dietetic measures and remain increased for

some time, and if the hydrochloric acid secretion reappears after

treatment by lavage, the condition is probably one of gastritis

and not of malignant disease.

DIAGNOSIS OF CARCINOMA OF THE STOMACH

The changes in the chemical constitution of the gastric juice

in carcinoma are dependent upon a number of factors. Among
these may be enumerated the diminution in motility of the stom-

ach, the change in the secreting power of the cells of the stomach

mucosa and the reduction of the chloride content of the blood,

both of which diminish the amount of free hydrochloric acid

secreted, and the action of bacteria introduced with the food.

The diminution in the motility of the stomach is always to be

expected when the carcinoma occupies the pylorus, and in these

cases the stomach is rarely free from food. The same condition,

however, may appear in carcinoma of the curvatures and the

fundus, but not so regularly, and, as a rule, the organ is small.

The special points in the alteration of the chemical secretions

of the stomach are the absence of free hydrochloric acid and the

presence of lactic acid. The fluids exuding from the surface of

the tumor help to neutralize free hydrochloric acid. In this

respect, however, it is important to remember that the absence of

free hydrochloric acid is not a necessary indication of carcinoma,

for Boas has shown that out of one hundred cases of various con-

ditions of the stomach in which no free hydrochloric acid was
present, only thirty-one proved to be carcinoma. The free hydro-

chloric acid may be present in normal amounts, or even in excessive

quantities, when the tumor is small and occupies the pyloric region.

The excess of hydrochloric acid present in these cases is not

always an indication that carcinoma has arisen on the base of an
old ulcer, and one must also remember that hydrochloric acid may
be absent in ulcers of the stomach and absent also in connection
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with carcinomata of neighboring organs, for example, of the gall-

bladder, pancreas, and duodenum.

The presence of lactic acid in the stomach is a much more valu-

able indication than the absence of hydrochloric, for it has been

shown that 85 per cent, of patients showing a marked amount of lac-

tic acid on chemical analysis have malignant changes in the walls of

the stomach. Special series of cases have shown that 93 per cent,

of the patients in whom a positive reaction for lactic acid could

be obtained had carcinoma of the stomach. To offset this, lactic

acid in considerable quantity has been found occasionally in

achylia gastrica, and in advanced chronic gastritis with atrophy

and dilatation of the stomach, especially when accompanied by

a benign stenosis of the pylorus. In general, however, simple

stenosis of the pylorus is accompanied by dilatation of the stomach

and an increased secretion of hydrochloric acid, hence no lactic

acid.

Ewald has called attention to the frequent occurrence of lactic

acid in patients suffering from atrophy of the mucous membrane
of the stomach in connection with pernicious ansemia. In those

cases in which considerable quantities of hydrochloric, acid are

present we naturally expect no lactic acid.

Another diagnostic point which is of great value is the dis-

covery of small tumor particles in the washings from the stomach.

This, unfortunately, is a very late symptom and indicates that

the growth has in all probability extended beyond the point of

successful operative interference. The presence of small quantities

of blood and pus in the stomach contents is of corroborative value.

Blood can be demonstrated in the washings in nearly one-half the

cases, and in the stools in nearly all persons the subjects of gastric

carcinoma. This shows that the tumor ulcerates early and small

haemorrhages take place from the surface. In all probability, so

long as the motor activity of the stomach remains good, these

blood traces are rapidly passed on through the pylorus and hence

are not always demonstrable in the stomach washings.

Microscopic examination of the stomach contents in carcinoma

of the stomach may furnish an additional point—that is, the

presence of the Boas-Oppler bacilli, which are connected with the

formation of lactic acid.



PART III

THE F-/EOES

I. GENERAL CONSIDERATIONS

The faeces are composed of a mixture of undigested food resi-

dues, of such portions of the gastric, pancreatic, hepatic, and

intestinal secretions as remain unabsorbed, and of desquamated

epithelium, cell debris, and bacteria. The gastric secretion has

already been considered. Its acid reaction incites the secretion

of the pancreatic juice.^ The pancreatic tryptic ferment is ex-

creted in the form of a zymogen which is activated by the enter-

okinase ^ of the intestinal mucosa, while the fat-splitting and

starch-digesting ferments are active when secreted.

The presence of food in the duodenum causes an outflow of

bile. The bilirubin of that fluid is altered by the intestinal bacteria

into hydrobilirubin, a compound closely related to, if not identical

with urobilin. This substance gives the brown color to the faeces.

The cholesterin derived from the bile can be demonstrated in

the faeces of children or adults on a milk diet. If, however, the

bacterial fermentation is active, the cholesterin is reduced to a

closely related compound, coprosterin, just as bilirubin is reduced

to hydrobiHrubin.

It is probable that the intestinal mucosa secretes a ferment,

erepsin,^ which is capable of splitting proteoses into the amino
bodies, such as leucin, tyrosin, lysin, etc. A ferment which splits

^ Glaessner (Miinch. med. Woch., 1903, p. 491) has been able to observe an
increase in the pancreatic secretion after the taking of hydrochloric acid in

a patient with a pancreatic fistula. Baylins and Starling (Jour, of Phys.,

1902, vol. xxviii, p. 325) think that the stimulus to the pancreatic secretion

is not directly due to the acid, but to a ferment, "secretin," which is set free

by the action of the acid on the intestinal nmcosa, is absorbed into the cir-

culation, and then stimulates the pancreas.

2 A term applied by Pawlow to the ferment of the intestinal mucosa, which
has the power to render active the proteolytic ferment of the pancreas.

' Cohnheim.: Zeit. f. phys. Chemie.. 1902, Bd. xxxv, p. 418.
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lactose is present in the intestinal tract of infants, this form

of sugar not being acted on by the pancreatic ferments.

The presence of large numbers of bacteria in the lumen of the

intestine is a normal condition, though it has been shown that

sterile animals can live.^ It is probable, however, that the

bacteria assist in the process of digestion by giving off ferments

which act upon the food and are necessary for the complete and

normal development of the organism.^ Excessive putrefactive

action, however, promptly gives rise to functional disturbances of

digestion, best evidenced by a great increase in the urinary ex-

cretion of two products of bacterial activity on proteids, indol

and skatol.

Owing to the inaccessibihty of the intestinal contents, except

when passed from the rectum fully digested, we have but little

knowledge of the functional variations in the secretions of the

pancreas, the liver, and the intestinal mucosa. The information

so far obtained is largely the result of the study of the secretions

obtained from fistulae due to operations undertaken to remedy

some pathological condition; in other words, on persons not in

good health.

II. MACROSCOPICAL EXAMINATION
The macroscopic examination of the faeces concerns chiefly the

consistence, color, odor, and the amount of the fseces excreted,

together with the recognition of the presence of mucus, pus, blood,

or parasites. It also includes the search for and the identifica-

tion of gall-stones which may have entered the intestine from the

bile passages.

The technique of the examination is simple. As a rule, no

especial preparation of the material is required except in the

search for gall-stones, when the faeces should be softened with a

large amount of water and washed through a fine sieve. Small

amounts of mucus and of connective-tissue fragments are most
easily recognized by rubbing a httle of the stool in a glass mortar

with a little water or spreading out the stool between two glass

plates.

* Thierfelder and Nuttall : Zeit. f. phys. Chemie., 1895, Bd. xxi, p. 109.

Ibid., 1896, Bd. xxii, p. 62.

2 Schottelius : Arch. f. Hygiene, 1901, Bd. xlii, p. 48.
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It is convenient, however, when examining the faeces to employ-

some form of washing apparatus to separate the coarse particles

from the fine granular debris and bacteria.

Boas 1 has devised a small stool sieve consisting of two hemi-

spherical compartments which can be fastened together by a

bayonet catch. A fine sieve in the lower compartment retains

the food fragments, gall-stones, etc., while the finer particles pass

through and are washed out of the apparatus. In this way a

specimen for study may be obtained in about twenty minutes.

Strauss ^ suggests the use of a glass percolator or irrigation jar

which is supported on an iron tripod and is connected with the

water supply by a rubber tube attached to the aperture at the

lower portion. The stool to be washed is placed in the jar, a

gentle stream of water is turned on, and the top of the vessel

covered with a weighted sieve, the meshes of which are about 1 mm.
in diameter.

Einhorn ^ advises the use of an ordinary flour sifter, which

can be obtained at any hardware shop for a few cents. The

stool is placed on the sieve, the latter immersed in a vessel of

water or held under the tap, and the handle is turned slowly.

The amount of the faeces excreted depends chiefly upon four

factors

:

a. Quantity and composition of the food. It is evident that

the amount of faeces will vary with the amount of food taken into

the intestinal tract, and also that the coarser varieties of food

containing much cellulose will furnish a more bulky faecal mass

than meat, which is largely digested and absorbed.

b. Intestinal debris. A very considerable part of the faeces

is supplied from the debris from the intestinal mucosa, which may
amount to one-sixth of the total quantity of the faeces passed, or

4 grams of dried residue out of a total 25 grams per day.^

c. Bacteria. A considerable proportion of the bulk of the

faeces, both in health and in disease, is made up of bacteria. It

has been estimated by Strasburger^ that approximately 8 grams
of bacteria weighed dry are passed per day, when the total weight

1 Deut. med. Woch., 1900, p. 583.

2 Fort. d. Med., 1902, p. 937.

3 Deut. med. Woch., 1901, p. 159.

* Schmidt u. Strasburger : Die Fseces des Menschen, Berlin, 1901.
« Zeit. f. klin. Med., 1902, Bd. xlvi, p. 413.
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of the dry faeces is 27 grams. That is, nearly one-third of the normal

faeces is composed of bacteria. Intestinal disturbances favoring

the growth of bacteria mxay increase the amount to 14 grams,

while in simple constipation the bacteria in the stools diminish

and may amount to only about 5 grams. In jaundice with fatty

stools, the number of the bacteria is greatly diminished.

d. The condition of the digestive organs. The amount is also

influenced by the condition of the digestive organs. For instance,

if the normal amount of fat appearing in the stools be assumed

to be 7 to 8 grams, this amount may be increased 50 per cent, by

obstruction of the common bile duct.

The bulk of the faeces actually passed may be increased though

the solid residue remains the same, when the peristaltic action of

the bowel is much increased, thus transferring the faeces to the

rectum before the usual amount of water is absorbed by the mu-
cous membrane of the colon. If the peristalsis is diminished,

the faecal matter remains longer than normal in the bowel and

may form an inspissated mass containing but little water.

The amount may also be increased by admixture of patho-

logical substances, such as mucus secreted by the intestinal mucosa.

Normally the amount of the faeces may be considered as from 100

to 150 grams, corresponding to 15 to 25 grams of dried substance.

The frequency depends much more upon the peristaltic activity

of the small' intestine and the irritabihty of the rectal mucosa,

than upon the amount of the faeces passed, and so becomes an

evidence of either inflammation of the intestine or a neurosis.

The consistence of the faeces determines the form, which is

usually cylindrical. Tape-like stools are considered as an evidence

of a stricture of the rectum ; but such faecal masses may be seen

when the intestine ia normal, or the stools may be normal in form

when a stricture is present. The normal stool in adults is always

formed, while that of infants under the normal conditions of milk

feeding is quite soft and pasty.

The color of the stools is yellow or brown with a mixed diet.

Variations are dependent upon the nature of the food. For ex-

ample, the stools passed by patients on a milk diet are pale, while

those passed by persons consuming large quantities of meat are

very dark, often nearly black, due to the presence of haematin.

A pale yellow or whitish stool may be due to an excess of fat.

The color is also dependent upon the digestive fluids, notably
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the bile, clay-colored stools being often seen in biliary obstruction.

The normal color of the faeces is due to the presence of hydro-

biUrubin, a reduction product of the bihrubin of the bile. This

substance, which is considered as the same as the urobihn found

in the urine, is sometimes reduced still further to a colorless sub-

stance, leucohydrobilirubin, leaving the stools almost colorless.

If such colorless stools be exposed to the air they will turn brown,

owing to the oxidation of the leucohydrobilirubin back to the

colored compound.

Occasionally the stools may also be colored by bilirubin and

give Gmelin's reaction. This is a normal condition in the stools

of infants, in whose intestine the process of reduction has not yet

assumed the proportions that it does in later life. The color is

to be distinguished from that due to hydrobilirubin, by the bright

yellow tint caused by the bile pigment. The green color seen in

the stools of infants is produced by the oxidation of the bilirubin

to biliverdin. The stools of children fed on artificial foods contain,

as a rule, only hydrobilirubin. It has been claimed that in rare

cases the green color may be due to the presence of bacteria capable

of forming a green pigment.

The color of the faeces may be due to blood, drugs, or substances

of a pathological nature present in the bowel. The stools are of

a blackish color after eating considerable quantities of blueberries.

Iron and bismuth compounds color the stools a gray or black,

probably due to the formation of oxides of these metals, and not,

as is generally assumed, to the formation of the corresponding

sulphides. In the case of iron, the darkening takes place after

the stool is passed. After taking methylene blue by mouth, the

faeces occasionally assume a pale bluish-green color on exposure

to the air. Green stools colored with biliverdin or urobilin i are

seen after taking calomel.

Pus, mucus, and blood may alter the color of the stools, es-

pecially the presence of blood. The red color due to haemoglobin

is found only when the haemorrhage has taken place from a point

near the lower end of the bowel. The black or brown stools seen

after an intestinal haemorrhage are colored by haematin produced

by the action of the intestinal contents on the haemoglobin.

Care should be taken to test for the presence of blood pigment

* V. Jaksch : Klin. Diag., fifth edition, Wien, 1901.
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in doubtful cases, and to exclude error by questioning the patient

to see if large amounts of meat or any food containing blood have

been recently ingested, as the reaction for hsematin may easily

be obtained under such conditions.

III. MICROSCOPICAL EXAMINATION

Fluid faeces may be examined without further treatment.

Firm masses should have a small particle removed with a stiff

platinum loop or spear. The fragment should be spread out on

a slide in some physiological salt solution or formalin, and covered

with a large cover glass. If a thorough search for large fragments

of food is to be made, the finer particles should be washed away
in one of the sieves mentioned in the second section of this chapter.

As the eggs of the intestinal parasites are small enough to escape

through the sieve, it is necessary when searching for them to ex-

amine the untreated stool. Very thin preparations should always

be made. It is well to use a large slide, say two by three inches,

and a cover glass of corresponding size, and spread the faces out

in a very thin layer, the amount of fluid added depending upon the

consistency of the stool. The examination for an especial morpho-
logical element in the stools is often facilitated by making a very

thin watery emulsion of the faeces and then allowing the mixture

to settle. Coarse vegetable remnants, stone cells, and crystals

form the lower layer, parasite eggs are in the middle layer, while

the upper is composed of the bacteria, fat needles, hght vegetable

cells, etc.

If the odor is extremely offensive, some 4 per cent, formalin

may be added.

The examination includes the search for

:

1. Food remnants.

2. Elements from the intestinal wall.

3. Crystals.

4. Bacteria, parasites, and eggs.

FOOD REMNANTS

Muscle fibers are found in all normal stools, even for a number
of days after the taking of meat has ceased. The fibers rarely

show any striation, or at least well-marked striation, as they do
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in the stomach, but consist of yellow oval masses which are highly

refractile and transparent. The constant finding of large numbers

in afebrile patients, especially if mucus is also found, indicates a

catarrhal enteritis or pancreatic disease.

Elastic and connective tissues are often found in stools. They

are derived from meat and are not always easy of identification.

The elastic fibers are usually highly refractile and have a tendency

to curl up. Connective tissue forms irregular strands occasionally

showing the morphology of the tissues.

Starch cells are not usually found free in the normal faeces in

a form recognizable by the microscope, unless some Gram's solu-

tion is allowed to run in under the cover, when there may often

••/ S
Fig. 72.

—

Morphoi-ogy of Normal F^ces.

a, Vegetable cell containing chlorophyl ; such cells are often mistaken for the eggs

of intestinal parasites; b and /b, stone cells; c, vegetable hair; d, large starch

granule; e, potato cell; /, fat globule; g, bile-stained calcium salts; h, muscle
fiber; i, flat surface cells from vegetables; j, palisade cells from vegetables;

I, spiral water-vascular tube from rhubarb; m, flat vegetable cells; n, partially

digested meat fiber. Scattered through the specimen are numerous needles
of fatty acids and soaps.

be found irregular, bluish masses, evidently made up of partly

digested starch grains. If the starch of the food is entirely



MICROSCOPICAL EXAMINATION 313

uncooked, then a considerable amount will appear in recognizable

form in the stools. Starch is never bile stained. Unaltered starch

is often seen in masses of cells from potato or other starchy vege-

tables. Well-formed starch grains are occasionally found in the

faeces and are derived from the starch contained in dusting pow-

ders often used to prevent irritation about the anus.

Fat appears in the form of fat globules which can be blackened

by osmic acid or stained red by an alcoholic solution of Sudan III

or scharlach R. Fat globules are sometimes seen covered with

needle-Uke crystals of the insoluble soaps (Fig. 72). Fatty

acid needles are also seen in the form of delicate short rods re-

sembling bacteria. These crystals melt into globules when the

slide is gently heated, which differentiates them from the hme
soaps. The soaps of calcium and magnesium, chiefly the former,

also appear in the form of needles, but these are coarser than the

fatty acid and are frequently arranged in bundles and sheaves.

When fatty acid or soap needles are treated with the fat stains

mentioned above they take the color, though not so deeply as the

neutral fat, and then develop globular swellings, and may finally

soften into a spherical mass.

Coagulated albumin and casein masses may also be found in

the stools, especially of those who are on an exclusively milk diet

or whose food contains a large amount of egg albumin. These

fragments are usually bile stained and of small size. The casein is

soluble in 5 per cent. HCl ; the albumin gives the xanthoproteic

reaction with HNO3. Large fragments of casein or coagula com-

posed of that substance plus fat or fatty acids may be found in

the dejecta of infants suffering from gastro-intestinal indigestion.

The large fragments in the stools of infants which are usually

assumed to be casein may be masses of fat needles and bacteria.

Debris from food remnants is always present in large amounts

in the faeces, and the source of individual fragments is often im-

possible to determine. It is often bile stained. Some of the

microchemical reactions given bdow may be of value in the

identification.

VEGETABLE CELLS

The stools of persons on a mixed diet contain a great variety

of vegetable cells, which can be best identified by the fact that

the cell wall has a double contour, thus distinguishing them at
23
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once from animal cells. Many of these cells contain chlorophyl

or numerous starch granules. The cells from plants can also be

recognized by the reaction for cellulose, which consists in a pur-

ple coloration produced by a solution of zinc chloride when it is

allowed to act on cellulose which has previously been treated with

some Gram's solution.

This reaction can be obtained from all the softer cells of the

plant tissues, and from the layers of flat cells which cover the

surface of plant leaves when not too old.

It can not be obtained from such cells as have vmdergone a

change to Hgnin, as, for instance, in the spiral vascular tubes from

rhubarb (Fig. 72, I) and the so-called stone cells from pears,

dates, or pepper (Fig. 72, h and A;). Lignin turns a violet red

when treated with an alcohoHc solution of phloroglucin and some

HCl. It also takes a bright red when treated with safranin.

Many of the superficial leaf cells do not give either of the

above reactions, but have been altered so that they turn yellow

when treated with strong NaOH. The change is the same as that

which takes place in cork cells.

A more detailed description of those cells is not necessary here.

The student must identify them from normal stools, with the aid,

if necessary, of the reactions given, until he is not likely to mis-

take them for parasites. Especially important in this connection

is the identification of pollen, vegetable cells (Fig. 72, a) and

certain mold spores which are found in wheat flour and resemble

the eggs of the tapeworms.^ The presence of a certain type of

vegetable remnant in the faeces is no evidence that it has been

recently ingested. Fragments of this sort may not be passed for

days after they have been swallowed.

ELEMENTS FROM THE INTESTINAL WALL

Leucoc3rtes are found in small numbers in the normal stool

and in large quantities in the stools of persons suffering from

catarrhal conditions of the bowel. Large masses of pus may be

found when an appendical or pelvic abscess discharges into the

bowel or in severe ulcerative lesions of the intestine.

^ For full details on the subject of the morphology of the stools the student
should consult van Ledden-Hulsebosch : Makro- und mikroskopische Diag-
nostik der Menschhchen Exkremente, Berlin, 1899.
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Red blood cells are never found unless the haemorrhage is from

a point very near the anus, as they are quickly destroyed by the

intestinal secretions.

Epithelium of two types is met with. Flat cells may be found,

derived from the anus or from the cells of a new growth, but this

find is very rare. Cylindrical epithelium is frequently present.

Beaker cells filled with mucus are rare. All types of epithelium

may show fatty degeneration.

Mucus is microscopically characterized by its clear, slightly

striated structure. It often contains many included leucocytes

and epithelial cells. Great care should be taken not to confuse

with mucus the large, starch-containing cells derived from potato.

BACTERIA, PARASITES, AND EGGS

Molds, yeasts, and sarcinse are occasionally found in the faeces.

The sarcinae are especially abundant in the faeces of persons suffer-

ing from dilatation of the stomach with a growth of sarcina

ventriculi in the dilated organ. The sarcinae give the cellulose

reaction with zinc chloride and iodine.

Bacteria—The bacterial flora of the intestine is exceedingly

large, and the identification of the various saprophytes and patho-

genic bacteria is a matter of great difficulty. The study of stained

smear preparations is of but little practical value. The Bacillus

butyricus may occasionally be identified in normal and patholog-

ical stools by its size and the blue color which it assumes when
treated with iodine, but the find is of no clinical interest.

The separation of the members of the typhoid, colon, and

dysentery groups has become possible by the introduction of new
procedures, notably by the modified culture media which we owe

to Hiss; but the methods are still too complicated for the prac-

titioner and require the skill of the trained bacteriologist. In-

complete bacterial determinations on a single medium are worse

than useless.

Attention has recently been called to the demonstration of the

tubercle bacillus in the faeces as a diagnostic procedure in cases

of intestinal tuberculosis. The method is only of very limited

value, for tubercle bacilH can be found in the faeces of those patients

with phthisis who are not careful to expectorate all of the sputum

brought up into the mouth, while the difficulties connected with
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the morphological differentiation of the tubercle bacillus from

the timothy bacillus, which is present in the intestinal contents,

will always limit the value of the results. Smegma bacilli may
also be found inside the anal opening, so that Pappenheim's

method should always be used in staining smears for tubercle

bacilli. Unless acid resistant bacilH are found constantly and in

large numbers in the pus and debris derived from the ulcers of

the intestine, the results can not be considered of any diagnostic

value. If such masses can be found, it is best to inject some of

the material into the groin of a guinea-pig.

Parasites and eggs will be considered in a later section.

CRYSTALS

1. Haematoidin crystals have been seen after haemorrhage into

the bowel either from rupture of a vessel or during the course of an

acute entero-colitis. They are yellowish needles, arranged singly

and in bundles, and are soluble in chloroform.

2. Cholesterin crystals are rarely present. They can be rec-

ognized by their rhombic form and reaction with sulphuric acid

and Gram's solution.

3. Charcot-Leyden crystals are to be found with some frequency.

They assume the form of colorless, octahedral crystals of consider-

able length, and are to be dis-

tinguished from fatty acid

crystals, which they resemble

slightly, by their easy solu-

bility in HCl. They are es-

pecially abundant in the stools

of patients harboring the va-

rious intestinal worms.

4. Fatty acid crystals and

the needles of the insoluble

soaps are frequently found.

The former are soluble in alco-

hol and melt when the slide is

Fig. 73.—Bismuth Crystals IN Stool. gently warmed; the latter do

not respond to these tests.

5. Calcium phosphate crystals are occasionally seen. They are

thick, irregular crystals united by one extremity into a rosette
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form. Calcium salts of unknown composition may also be found

as yellow, oval, or spherical bodies with concentric structure

and often bile-stained (Fig. 72, g).

6. Triple phosphate crystals

are abundant in alkaline stools

and are identical with those seen

in the urine.

7. Calcium oxalate crystals re-

semble those seen in the urine.

8. Bismuth crystals can be

found abundantly in the stools

after a dose of bismuth subnitrate.

They are of an irregular rhombic

form, with notched edges, and are

very dark in color or even black.

They are not the sulphide, but

the suboxide of bismuth.

9. Charcoal when taken by mouth appears in the stools in the

form of irregular black masses, usually coarser than bismuth

crystals.

Fig. 74.

—

Charcoal Fragments in

Stool.

IV, TESTING THE DIGESTIVE POWER OF THE
INTESTINE

An attempt has been made to determine the digestive capacity

of the intestinal tract by the administration of a test diet, on the

same principle as the administration of test meals to determine

gastric activity. Schmidt and Strasburger,i who have largely

contributed to our knowledge of the subject, use the following

series of meals to test the digestive power of the intestine :

In the morning, 500 c.c. of milk and 50 grams of zwieback.

If milk is not well borne, 500 c.c. of cocoa can be used, composed

of 20 grams of cocoa powder, 10 grams of sugar, 400 c.c. of water,

and 100 c.c. of milk.

In the middle of the morning, 500 c.c. of oatmeal gruel, made
up of 40 grams of oatmeal, 10 grams of butter, 200 c.c. of milk,

300 c.c. of water, and 1 egg. The mixture should be strained.

* Die Faeces des Menschen. Berlin, 1901

priifung des Darmes. Wiesbaden, 1904.

Also Schmidt : Die Fiinktions-
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Dinner is composed of 125 grams of chopped beef, which has

been superficially broiled, using 20 grams of butter for this pur-

pose. Also 250 grams of mashed potatoes, made up of 190 grams

of potato, 100 c.c. of milk, and 10 grams of butter.

In the afternoon, the same as the morning meal.

In the evening, the same meal as that given in the middle of

the morning.

This diet contains about 102 grams of albumin. 111 grams of

fat, and 190 grams of carbohydrate. The patient is to be kept on

the diet for about three days or even longer, until a stool is ob-

tained which is certainly derived from it. Under normal con-

ditions this occurs at the second defaecation after the beginning of

the test. To mark this point, the patient should take a capsule

containing 3 eg. of powdered carmine. This substance passes

through the intestinal tract unaltered and marks off the corre-

sponding point in the faeces.

The specimen of faeces obtained from this diet should be ex-

amined as follows

:

The color, consistence, and odor should be noted. The stool

should then be softened with dilute formalin or water and spread out

in a thin layer in a hard rubber photographic tray and the various

macroscopical remnants studied in detail. Mucus, remnants of

connective tissue and tendon derived from the beef, fragments

of muscle tissue, remnants of potato, and crystals of ammonium
magnesium phosphate can be determined by the macroscopical

examination.

Microscopical preparations should then be made, the first with-

out the addition of anything but dilute formalin or water. The
second should have a small drop of acetic acid added to it, and is

then heated over a flame until it boils, and covered with a cover-

glass. To the third should be added some tincture of iodine or a

strong solution of iodine in potassium iodide.^

In normal faeces, the first specimen will contain (a) some
muscle fragments of oval form of a pale yellow color, usually with-

out striations
; (6) irregular yellow masses of calcium soaps or oc-

casionally colorless masses of the same
;
(c) a moderate number of

potato cells either empty or containing a few remnants of starch

granules
;

(d) a few fragments of husks from the oatmeal gruel.

^ Iodine, 1 ;
potassium iodide, 2; distilled water, 50.
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If cocoa has been taken instead of milk, brownish remnants of

the cocoa powder may be found in the stools. In the preparation

which has been heated and allowed to cool, numerous fatty acid

masses may be seen scattered throughout the entire preparation

and the nodules of lime soaps will have disappeared. If the prepa-

ration is again heated and examined under a microscope while

still hot, the fatty acid nodules melt together into drops, which

again crystallize as the preparation cools.

In the third preparation to which iodine has been added, a few

starch granules contained in the potato cells will be stained blue

and occasionally some molds may be seen which have assumed a

blue color.

If the intestinal digestion is imperfect or if pathological con-

ditions exist, the first specimen will show (a) large fragments of

muscle tissue with well-marked transverse striations and clean-cut

transverse ends to the cylinders; (6) numerous drops of neutral

fat
;

(c) very abundant fatty acid and soap nodules
;
(d) large num-

bers of potato cells
;

(e) eggs of parasites, mucus, pus, blood, etc.

In the acetic acid preparation under pathological conditions

the amount of fatty acid may be very large.

In the slide treated with iodine will be found large numbers

of undigested starch granules, numerous blue or yellow molds, and

rod-shaped bacilli and yeast cells.

The test stool should also be examined chemically. The re-

action should be determined by rubbing up a little of the stool

with distilled water and dipping into the mixture a strip of red and

a strip of blue litmus paper. Normally the reaction is amphoteric,

but may be faintly acid or faintly alkaline.

Other portions of the stool should be subjected to the bichlo-

ride test by being rubbed up with a saturated solution of mer-

curic chloride in a small glass dish. The dish is then covered

and allowed to stand until the next day. Normal stools are

colored a brilliant red, which is brighter if the stool is fresh and less

intense if the specimen is old. Greenish particles are pathological.

They are an evidence of the presence of unchanged bile pigment.

The fermentation test should also be carried out in the appa-

ratus shown in Fig. 75r A portion of untreated stool about the

size of a walnut is placed in the vessel a and stirred up with a little

water, and the rubber stopper inserted, being careful not to inclose

any air bubbles as it is placed in position. Tube b is then filled
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with water; c is left empty. The apparatus is then placed for

twenty-four hours in an incubator at 37° C. Any gas which

develops collects in b and a corresponding amount of water is

driven over into tube c, the height of the fluid being noted. The

vessel a is then opened and the reaction of the contents determined

with Htmus paper. In normal stools only a

A A small amount of gas is formed under these con-

ditions and the original reaction is only slightly

changed. If sufficient gas is developed to fill

tube c a third or more with water, the faeces

contain sufficient undigested carbohydrates or

albumin to warrant the conclusion that the in-

testinal digestion is imperfect. If the carbohy-

Odrate is in excess, the gas evolved will smell

strongly of butyric acid. If albumin is present

in large amount the odor is that of putrefaction.

=fl=

^jr—mni

a V. THE FiCCES IN DISEASE

Fig. 75.

—

Fermen-
tation Appara-
tus FOR F^CES.

Acute entero-colitis. The movements are

usually thin and contain small particles of mu-
cus intimately mixed with the faecal matter.

If the small intestine is chiefly involved, the

mucus is often bile-stained and contains numer-

ous cylindrical epithehal cells. When the in-

flammation is most active in the large intestine the mucus is

usually in clear masses and not bile-stained. Small amounts of

blood are not uncommon ; large haemorrhages are very rare.

Chronic entero-colitis may show either constipation or diarrhoea.

The nature of the mucus is the same as in the acute forms, but

when there is no diarrhoea it is often necessary to wash out the

colon and to examine the washings for mucus. If the latter be

present in large amounts, the large intestine is probably the site

of the lesion.

Membranous enteritis is characterized by the passage of large

quantities of mucus, which may be tubular, as a cast of the bowel,

or may be in the form of a loose membrane. It is composed of

much mucus and albumin, in which are imbedded a moderate

number of degenerated epithelial cells and leucocytes, and occasion-

ally a few Charcot-Leyden crystals. (See Fig. 76, page 321.)
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Acute gastro-enteritis in children is usually accompanied by
diarrhoea. The stools are frequent and small. They are of a

Fig. 76.—Mucus from a Case of Membranous Enteritis.

(One half natural size.)

pasty consistence and contain large amounts of fatty acids. In

the so-called fat diarrhoea, the needles of acid form white ghttering

streaks on the surface of the stool. The stools are usually greenish

from the mixture of bile. Blood is seen in the severe cases, and

at times the stools may be nearly pure serous exudate from the

bowel, mingled with leucocytes and epithelium.

Ulcer of the intestine. The three cardinal evidences of ulcer

are the presence of blood, pus, and shreds of tissue in the stool.

Blood is most frequent in dysenteric and typhoid ulceration, less

so in tuberculous and follicular ulcers. If the pus is mixed with

blood, it is much more likely to have originated from an intestinal

ulcer than if it is in a pure condition ; for pure pus is very probably

from some abscess near the intestine, and not from a process in

the lumen. This, however, is not absolute.

Dysentery is characterized by very small and frequent stools

containing very little faecal matter and much mucus, pus, and

blood. When the ulceration of the intestine reaches an advanced

grade, fragments of the necrotic mucosa and masses of fibrin may
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be found in the faeces. At different stages of the disease, the pro-

portions of the mucus, pus, and blood may vary. At first a

moderate amount of faecal matter is present, often coated with

mucus and a little blood. Later the blood becomes more abundant

and, as the ulceration of the intestine advances, pus and necrotic

fragments begin to appear.. Stools composed of pus or blood

alone may be seen in severe cases. In the latter, the stool is fluid

and of a chocolate color from the blood pigment.

In many cases of acute dysentery, bacilli have been isolated,,

which are assumed to be the inciting agents in this disease. ^ The

original observations were made by Shiga ^ on an epidemic of

dysentery in Japan. Kruse*^ isolated the same organisms in

Germany. Flexner ^ obtained a closely related organism from the

Philippine Islands, which differs from the true Shiga bacillus in

its agglutinative reactions and cultural characteristics. A third

bacillus has been isolated by Hiss and Russell ^ from a case of acute

enteritis in a child, which also differs slightly from the bacilli

obtained by Flexner and Shiga.

Duval and Bassett ^ have been able to isolate bacilli of the

Flexner type from the stools of infants suffering from acute entero-

colitis.

At present it seems probable that the bacilli above described

have some causal relationship to acute dysentery, but except for an

accidental laboratory infection reported by Strong, in which a

person developed dysentery after swallowing a culture, and the

agglutinative power of the patient's blood serum on the bacilli

isolated from the stools, we have as yet no facts which warrant the

conclusion that these bacilli are the sole cause of the disease and

that we may use the bacterial findings as a means of diagnosis.

At present the diagnosis of dysentery should be made from the

cUnical picture, and not from the bacteria isolated from the stools.

In the masses of mucus of a number of the more chronic types

of dysentery, amoebae may be found, which are supposed by many

^ For a review of the bacteriology of the subject, see Lentz : Handbuch
der pathogen. Mikroorganismen, 1903, Bd. ii, p. 309.

2 Cent. f. Bakt., 189S, Bd. xxiii, p. .599. Ibid., 1899, Bd. xxiv, p. 817.
^ Dent. med. Woch., 1900, p. 637.

^ Cent. f. Bakt., 1901, Bd. xxx, p. ^49.

^Medical News, 1903, vol. Ixxxii, p. 289.

« Cent. f. Bakt., 1903, Bd. xxxiii, p. 52.
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to have a causal relation to the disease. Various types of amoebse

may be found in the stools of persons in perfect health and in the

the stools of those suffering from a simple diarrhoea, and a morpho-

logical separation of the two forms is often difficult. See page 339

for further details.

In typhoid fever the bowels are often somewhat constipated in

the first week and the stools offer nothing of interest, but in the

second and third weeks the characteristic pea-soup stools usually

appear.

Small amounts of blood should be carefully looked for in the

stools of the latter part of disease, by means of Weber's test, as

they frequently precede a haemorrhage by a considerable time, and

the early diagnosis of the condition allows time for the proper

medical or surgical treatment.

Hiss,i in 1897, using a special medium devised for the purpose

isolated the typhoid bacillus in about half of a series of unse-

lected cases of typhoid fever, as the result of a single examina-

tion. In a series of nineteen hospital cases in the febrile stage

of the disease the typhoid bacillus was isolated in seventeen. The

bacilli occur most regularly in the stools about the middle of the

second week.

Higley,2 using Hiss' medium, obtained the bacilH in twenty

cases out of twenty-one. The bacilli were often isolated dur-

ing the second week before the Widal reaction had made its

appearance.

V. Drigalski and Conradi,^ using a special culture medium,

were able to isolate the bacillus in twenty-five out of fifty cases

examined, before the appearance of the rash and the Widal re-

action.

Hayaschikawa,^ using Piorkowski's medium, obtained positive

results in about 60 per cent, of unselected typhoid fever cases,

examining the stools but once.

However favorable these reports may seem, it must be remem-

bered that a great deal of time and a full training in bacteriological

^ Brit. Med. Jour., 1897, vol. ii, p. 1778. Also Medical News, 1901, vol.

Ixxviii, p. 728.

2 Medical News, 1902, vol. Ixxx, p. 584.

3 Zeit. f. Hygiene, 1902, Bd. xxxix. p. 283. See also Lipschutz: Cent. f.

Bakt., 1904, Bd. xxxv, p. 798.

* Hyg. Ri^ndschau, 1901, Bd. xi, p. 925.
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technique are required in order to obtain constant diagnostic

results by isolating the typhoid bacillus from the stools. The

method, therefore, is likely to be employed chiefly in hospitals

or fully equipped laboratories. It is perhaps not so generally

useful, from a diagnostic standpoint, as the blood-culture method.

In the stools from a cholera patient there may be nothing

present but small masses of mucus floating in a serous exudate

from the bowel. If these mucous masses be smeared on a sHde and

stained, the comma baciUi may often be found in pure culture and

a provisional diagnosis made, always to be confirmed by cultural

tests.

In carcinoma of the rectum the stools may be frequent and

accompanied by severe tenesmus, and consist chiefly of blood and

mucus; but in most of the cases there is nothing characteristic

in the stools, and the diagnosis is to be made by palpation of the

growth or by the use of the speculum. In carcinoma of the upper

intestine there is nothing characteristic in the stools.

In intussusception of the intestine there may be movements of

blood and mucus, and rarely a spontaneous passage of the slough

of the intussusceptum from the anus.

In thrombosis of the mesenteric artery, in chronic congestion

of the portal system, such as accompanies cirrhosis of the liver,

and in scurvy, there may be large amounts of blood in the stools.

VI. CHEMISTRY OF THE FvCCES

TOTAL SOLIDS

In order to determine the amount of dry residue contained in

the faeces, the specimen should be mixed with a. small quantity of

alcohol and heated over a water bath with constant stirring.

Small amounts of alcohol should be added to the fluid from time

to time, in order to lower the boiling point of the mixture and

hasten the evaporation. ^ If a determination of the total nitrogen

of the faeces is to be made, the escape of ammonia should be pre-

vented by adding a small quantity of dilute sulphuric acid. Stools

containing large amounts of fat dry out with difficulty and it is

an advantage to mix them with a previously weighed amount of

clean, dry sand, which prevents the formation of coarse lumps

* Poda: Zeit. f. phys. Chemie., 1898, Bd. xxv, p. 353.
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and renders the mass more porous so that drying takes place

quickly.

When all the fluid has been driven off from the specimen, it

should be placed in an exsiccator over sulphuric acid and the

final drying hastened by exhausting the contents of the vessel with

a filter pump.

The determination of the soHds of the faeces is of comparatively

little importance from the diagnostic point of view, and the method

here given is of interest chiefly as it is a preliminary to the deter-

mination of the total nitrogen and fat content.

TOTAL NITROGEN

One or two grams of the dried fseces are weighed out in a

watch-glass and placed in a long-necked Kjeldahl flask with 20

c.c. of sulphuric acid and 15 grams of copper sulphate. The

mixture is heated until the fluid becomes perfectl}^ clear, which

usually requires three to four hours. Further details of the method

will be found on page 468.

The amount of nitrogen excreted in a fasting condition is from

2 to 4 grams per day. On a mixed diet, the daily excretion may
rise to 4 or 5 grams. On a diet composed largely of vegetables

the total loss in the fseces may be 9 or 10 grams per day.

In estimating the results of metabolism experiments on patients

in order to determine loss or retention of nitrogen or urea in

disease, the nitrogen excreted in the fseces should always be taken

into consideration, especially as it has been shown that in nephritis,

the amount is very likely to be increased by transudation through

the intestinal mucosa, thus diminishing the amount of nitrogen

excreted 'in the urine. This phenomenon, however, is not con-

fined to persons the subject of kidney disease, but may be seen in

leukaemia, gout, and diabetes.

ALBUMINOUS SUBSTANCES

The presence of albumin and globulin in the fseces can be

demonstrated by making an aqueous extract of the fresh excreta,

filtering, and carrying out the ordinary reactions for albumin, such

as are given under the subject of albumin in the urine.

If the albumin is removed by coagulation, the presence of

albumose and peptone can be demonstrated by the Hofmeister-
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Salkowski method as given on page 512. Quantitative tests for

these substances are quite unimportant; in fact, no diagnostic

conclusions can be drawn even from the qualitative reactions.

CASEIN

The determination of the presence of casein coagula in the

stools is of importance, especially in infants, as it furnishes valu-

able hints as to the completeness of the digestive processes in

the intestinal tract. If coarse flocculi of casein are present in the

stools they should be removed with a platinum loop and tested

by the addition of a little acetic, or 5 per cent, hydrochloric acid.

Casein is easily soluble in either of these reagents. IThe small

whitish masses so often seen in the stools of normal infants are

usually composed of masses of fat crystals and bacteria, united

by a small amount of mucus. These white particles are found in

perfectly normal stools and should not be confused with casein

flocculi.

Coarse white flocculi are an evidence of intestinal disturbance,

and though usually assumed to be casein are, according to Leiner,

pseudonuclein or a closely related body. Leiner ^ suggests as a

test for small amounts of casein, the use of a stain composed of

acid fuchsin and methyl green. A small quantity of fsecal material

is spread out on a slide and dried. The specimen is then fixed

by passing through a flame and stained with a mixture composed

of equal parts of a f per cent, solution of acid fuchsin and methyl

green in 50 per cent, of alcohol. This staining mixture should be

diluted ten times with water before use.

The preparation is submitted to the action of the stain for

fifteen minutes, at the end of which time it is placed in distilled

water for an hour. Casein and paracasein are stained blue or

a violet color, while other substances take a pale green or yellow.

MUCUS AND NUCLEO-ALBUMIN

The test usually given for mucus, by extracting the faces with

lime-water and precipitation with strong acetic acid, is really a

reaction for nucleo-albumin, rather than for mucus. The identifi-

cation of the nucleo-albumin extracted in this manner depends

' Jahrbuch. f. Kinderheilkunde, 1899, Bd. 1, p. 321.
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upon the demonstration of the phosphorus which this substance

contains, or isolation of one of the purin bodies. These chemical

procedures are much too complicated for clinical work, and the

diagnostic results which may be obtained are not of sufficient value

to warrant carrying out the process.

The same is true of the chemical tests for mucus. It is better

to rely upon the results of macroscopical and microscopical tests

than upon chemical methods of extraction.

THE DECOMPOSITION PRODUCTS OF THE PROTEIDS

Leucin and tyrosin can be demonstrated in the faeces by ex-

traction of the dry residue by strong hot alcohol. The alcohoUc

solution is evaporated, and the residue dissolved in water and

precipitated with lead subacetate. The excess of the subacetate

is removed with hydrogen sulphide and the filtrate is evaporated

to dryness. Leucin and tyrosin crystalhze out and can be further

tested by the chemical reactions given on page 457. No facts of

diagnostic value are known concerning their presence in the faeces.

Indol, skatol, and bodies of the phenol and aromatic acid group

can also be demonstrated in the faeces. Indol and skatol can be

separated from the faeces by diluting the latter with a considerable

bulk of water, acidulating with phosphoric acid, and then distilling

off a third of the fluid. The distillate contains volatile fatty

acids, indol, skatol, and phenol. The distillate is rendered alkaline

with sodium carbonate and distilled a second time, the fatty acids

remaining as a sodium compound. The second distillate is ren-

dered strongly alkaline with sodium hydrate and again distilled,

when indol and skatol pass over, the phenol being retained in

the alkahne fluid. Indol and skatol can then be determined in

the distillate by the tests given on pages 443 and 444.

Skatol is usually present only in traces, which often escape

detection.

The presence of indol in the faeces can also be demonstrated

by the dimethyl-amido-benzaldehyde reaction of Ehrlich.^

A small fragment of the faeces to be tested is thoroughly mixed
with about ten times its bulk of water or strong alcohol and the

extract filtered. One c.c. of a one to twenty alcohoHc solution

of the dimethyl-amido-benzaldehyde is added and then a few

^ Schmidt: Miinch. med. Woch., 1903, p. 721.
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drops of concentrated hydrochlaric acid until a red color appears.

The mixture should be shaken for about ten minutes in order to

develop the deep red color indicative of indol.

At present the diagnostic results obtained by testing the fseces

for these products of proteid putrefaction are very slight, and we

are compelled to fall back for an estimation of the amount of

indol and skatol formed in the bowel on the study of the excretion

of indoxyl in the urine. The amount excreted in the urine is a

part only of that formed in the intestine. A practical quantitative

method might give results of great clinical value. Such a method

does not exist at present, though Baumstark ^ has suggested using

the dimethyl-amido-benzaldehyde reaction as a colorimetric test,

the standard color being obtained from a solution containing a

known quantity of indol. The procedure, however, has not yet

been worked out satisfactorily and the reader is referred to the

original paper for further details.^

BLOOD IN THE F^CES

Blood or blood pigment may appear in the fseces either in

large quantities from a haemorrhage from the opening of a vessel of

considerable size, in which case the altered blood forms a thick,

tarry, blackish mass ; or it may appear in small amounts evenly

distributed throughout the faecal mass and not recognizable by
the unaided eye. As a rule, in any haemorrhage which occurs above

the sigmoid flexure the morphological elements of the blood are

so altered by the action of the intestinal juices that they can not

be recognized by the microscope. Dark particles may be seen

which are composed of alkaline haematin formed by the alkaline

digestive juices, but they are not characteristic. The amount of

change undergone depends somewhat upon the speed with which

the intestinal contents pass through the bowel and also upon their

consistency. In a firm faecal mass the blood may be protected

from change by a covering of mucus. In haemorrhages near the

rectum, bright, unaltered blood, in which the red corpuscles may
be identified by the microscope, may be found, usually on the

surface of the faecal mass.

VMunch. med. Woch., 1903, p. 722.

^ See also on this subject, Ury : Ueber den quantitative nachweis von
Faulnis- und Garuns^sprodukten in den Fazes, Deut. med. Woch., 1904, p.

700; and Moraczewski : Cent. f. inner. Med., 1904, Bd. xxv, p. 593.
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Very few diagnostic points can be drawn from examination

of the stool as to the locality of the bleeding area. Ulcers of

the mucosa, invagination of a portion of the gut, stenoses, and

new growths, may all produce intestinal haemorrhages, the site

of which can only be determined by physical signs or cHnical

symptoms.

1. Teichmann's test, preferably with Strzyzowski's modifica-

tion (page 18), may be used to identify blood when found in the

stools in macroscopic amounts; but when it is present in very

small quantities, as may occur in ulceration or in the bleeding

from new growths of the stomach or intestinal tract, it is necessary

to use more delicate methods.

2. Weber's Test for Blood Pigment.^—The most satisfactory

test depends upon the extraction of the pigment with acidulated

ether and its identification by means of the spectroscope. About

10 c.c. of the faeces are stirred up in a Httle water in a large test

tube and shaken out with neutral ether to remove the fat. One

o.c. of strong acetic acid is then added, then one-third of the bulk

of ether, and the whole thoroughly shaken. In a few minutes

the ether separates as a clear layer in the upper part of the tube,

and can be poured or pipetted off. The clear brownish solution

is then examined with a direct vision spectroscope for the spectrum

of acid haematin. Generally, only the band in the red is visible,

the other bands being obscured by the general absorption of the

blue and green end of the spectrum by hydrobilirubin and other

pigments. Inasmuch as chlorophyl also gives an absorption

band in the red end of the spectrum, which, though not coincident

with the band due to haematin, is yet so near as to lead readily to

error, the test should be completed by adding some sodium hydrate,

alcohol and ammonium sulphide to the mixture and thus pro-

ducing the characteristic two-band spectrum of haemochromogen.

Chlorophyl does not give this spectrum.

In a certain number of cases the haemochromogen reaction may
be obtained directly by treating the faeces with strong alkali,

pyridin, and ammonium sulphide, as recommended by Donogany,

but for small quantities of blood, Weber's method is preferable.

If a spectroscope is not at hand, the blood pigment may be identi-

fied by adding ten drops of a freshly prepared solution of resin of

1 Berl. klin. Woch., 1893, p. 441.
23
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guaiac and twenty to thirty drops of ozonized turpentine to the

ethereal extract of the stool. If blood is present, the ether assumes

a purple color which can be extracted by shaking up with chloro-

form and water.

Instead of using tincture of guaiac to produce the color re-

action, an extract of Barbados aloin (see page 12) in dilute alcohol

may be employed. The reaction is sHghtly more sensitive than

with guaiac.

3, Iron Test for Blood.^—Suspected particles of the darker

portions of the faeces are removed and heated in a shallow porcelain

dish with a small crystal of potassium chlorate and several drops

of hydrochloric acid until the acid fumes have been driven off

and the solution is colorless. The fluid remaining is neutralized

and a little potassium ferrocyanide solution is added. If a blue

color is produced, the presence of iron is shown, derived from the

haemoglobin of the blood.

Care should be taken to see that the patient is not taking iron

by mouth, for that substance after absorption is largely excreted

by the intestinal mucosa and passed in the faeces. The small

quantity of iron which is normally contained in the food or ex-

creted in the bile can not be recognized by this test.

BILE PIGMENTS

The simplest method of testing the faeces for bile pigments

is with a concentrated solution of mercuric chloride.^ A small

fragment of the fresh faeces is rubbed up in a mortar or a small

glass dish with a few c.c. of saturated aqueous solution of mer-

curic chloride, and the mixture is allowed to stand for several

hours. The portions containing hydrobilirubin take a deep red

color, while the fragments colored with bilirubin assume a greenish

tone. The color changes are due to the formation of a reddish

compound of hydrobihrubin and the bichloride, and to the oxida-

tion of bilirubin into green biliverdin.

The absorption spectrum of hydrobilirubin also serves to

identify this substance. It shows a single band between h and F.

In strongly alkaline solutions, the bands extend slightly to the red

^ Jaworski: Deut. med. Woch., 1887, p. 792.

2 Schmidt: Verhand. d. Cong. f. inn. Med., 1895, Bd. xiii, p. 320.
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side of b. It is impossible to see these bands if cholecyanin or

blood pigment is present.

Cholecyanin can be recognized by adding ammoniacal zinc

chloride solution to an alcoholic extract of the faeces and examin-

Pettenkofer's
reaction

E b

Hydrobilirubin
or Urobilin
in acid solu-
tion

Hydrobilirubin
or Urobilin
in alkaline
solution

Cholecyanin or
Bilicyanin in
acid solution

Cholecyanin or
Bilicyanin in
alkaline solu-
tion

Fig. 77. -Absorption Spectra of Pettenkofer's Reaction and of Bile

Pigments.

ing the mixture with a spectroscope. Cholecyanin shows, besides

a band approximately corresponding to that of hydrobihrubin,

two other bands on either side of D.

The diagnostic value of these tests is chiefly in the study of

the faeces in children. Bilirubin is present in meconium, and in

the stools of nursing children, while occasionally in acute diarrhoeas

it is possible to find crystals of bilirubin—^hsematoidin—^in the

fluid faeces. In the dyspeptic diarrhoeas of infants, the stools

assume a green color due to biliverdin. Clay-colored stools show
either that hydrobilirubin is absent or that it exists in the form

of leucohydrobilirubin. The presence of leucohydrobilirubin can

be demonstrated in some colorless stools by extracting the leuco-

hydrobilirubin with alcohol, adding tincture of iodine or chloride

of zinc and ammonia, and submitting the mixture to spectroscopic
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examination for hydrobilirubin. If the latter is not found, the

pale color of the stools is an evidence of complete obstruction to

the entrance of bile into the intestinal tract. It is important to

remember that stools containing large amounts of fat may be very

pale in color, although hydrobihrubin is present in abundance.

FAT IN THE FAECES

Only a very moderate amount of the fat taken in escapes from

the body in the faeces under normal conditions. A portion of this

fat is derived from the mucous membrane of the intestine, from

which is excreted, in starving people,^ about 1 gram of fat in

twenty-four hours, or about 25 per cent, of the total solid residue.

Fifty per cent, of this is in the form of neutral fats and choles-

terin, 40 per cent, fatty acids, 10 per cent, as soaps.

Healthy persons on an approximately fat free diet may
excrete as high as 6 grams of fat per day.

Adults on a milk diet excrete 1.5 to 7.5 grams per day, depend-

ing on the quantity of fluid taken and differences in individuals.

On a mixed diet containing about 5 grams of fat, about 57 per

cent, reappears in the fseces; on a diet containing 43 grams of

fat, 11 per cent, is lost in the fseces ; while on a diet containing 80

grams of fat, 6 grams are lost. The assimilation limit of fat is

about 350 grams per day, if it is taken in an easily digested form

such as butter. There are marked individual differences in persons

as to their digestive capacity for fats, and in the same individual

there are often considerable fluctuations in the daily fat excretion.

C. V. Noorden,2 for example, has noted a daily variation in the

fat excretion between 0.5 and 4.5 grams, when the amount of

butter given per day was approximately constant.

In pathological conditions, also, marked variations in the ex-

cretion of fat are noticed. In infants, who normally absorb some
80 per cent, of the fat in the food, a sHght intestinal disturbance

often greatly diminishes the absorption. An increase of 20 per

cent, in the fat excreted has been noted in infants during dentition

without definite intestinal symptoms. In catarrhal gastro-

enteritis with so-called infantile fatty diarrhoea, 50 per cent, of

the fat taken in may be excreted. In icterus neonatorum the

^ Fr. Muller: Virchow's Archiv, 1893, Bd. cxxxi, Suppl. Heft, p. 1.

2 Lehrbuch der Pathologie des Stoffwechsels, Berlin, 1893.
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fat may make up 40 per cent, of the dried residue as against the

normal proportion of 20 per cent.

In aduhs the absorption of fat is not much influenced by dis-

turbance of the gastric digestion or by a moderate catarrhal en-

teritis. If the bile, however, does not freely enter the intestine,

the fat absorption becomes very incomplete, the excretion rising

from the normal of 20 per cent, of the dried residue to 30, 40, or

even 50 per cent. Persons with biliary obstruction absorb only

about 25 per cent, of the fat taken in, while a normal person

absorbs on an average 95 per cent.^

Diminution or absence of the pancreatic secretion may or may
not influence fat absorption. Some observers have not been

able to determine any variation from the normal. Deucher,^

however, in two cases suffering from pancreatic disease, found

that 52 and 83 per cent, respectively of the fat taken in re-

mained unabsorbed.

Stools containing an excess of fat have occasionally been noted

in persons suffering from severe intestinal catarrh, from carcinoma

of the stomach or intestine, and in intestinal tuberculosis, but not

often enough to warrant any diagnostic conclusions. In leukaemia

the stools may contain large amounts of fat. A few cases have

been reported ^ in which no marked intestinal disease could be made
out, yet the stools contained large amounts of fat. The administra-

tion of pancreatin in large doses did not improve the fat absorp-

tion, so the phenomenon was due in all probabiHty to a functional

disturbance of intestinal digestion and not to a lesion of the pan-

creas.

The blocking of the pancreatic duct by calculi has occasionally,

though not always, been accompanied by a large loss of fat in the

stools, but the condition is suggestive of a pancreatic lesion only

in the absence of jaundice.^

Animal experiments show quite constantly a high loss of fat

when the pancreatic excretion is completely suppressed ; but easily

digested, emulsified fat, for example, in the form of milk, is much

^ Schmidt u. Strasburger: Die Faeces des Menschen, Berlin, 1901, p. 153.

2 Correspondenzbl. f. Schweizer Aerzte, 1898, pp. 321 and 361.

^See Salomon: Ueber Fettstiihle, Verb. d. Kons;. f. inner. Med., 1902,

p. 244.

*For further details see Lazarus: Beit. z. Path. u. Therap. d. Pancreas-

Erkrankungen, Berlin, 1904, p. 171.
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more completely absorbed than oils. In some cases of stone in

the pancreatic duct, or atrophy of the glandular substance, Miiller ^

has shown that the splitting of the fats in the intestine into acids

and glycerin is very incomplete ; but this phenomenon is not con-

stant and can not be used as diagnostic of pancreatic lesions.

The splitting of the fat into fatty acids in some cases is nearly

as complete as in normal persons, an evidence that the fat-split-

ting ferment of the stomach plays an important part in the diges-

tion of this substance.

Quantitative Tests.—The diagnostic value of quantitative

analyses to determine the amount of fat in the stools is very slight.

As a preliminary, the amount of fat in the food must first be de-

termined, and the faeces must be carefully delimited every twenty-

four hours by the administration of 0.3 of a gram of carmine

or a charcoal tablet. If diarrhoea is present, it is impossible to

make accurate determinations, and the fseces should be collected

for a considerable period ; for example, three or four days. After

mixing, an aliquot part is used for the analysis. The fat intake

during the same period must be carefully determined.

An additional complication arises from the fact that the normal

absorption varies within considerable limits. In children the

amount is fairly constant at 20 per cent, of the dried residue, but

in adults it may be from 12 to 18 per cent., when the food taken

in leaves but little residue, and from 25 to 30 per cent, on an

abundant mixed diet. These figures are only the relation between

the fat and the dried residue, and in order to obtain a basis for

the total absorption in normal persons, experiments have been

made on healthy people, with the result that, as stated above

(p. 333), 5 grams may be considered as an average daily loss, 95

per cent, of the fat taken in being absorbed.

Technique.—The total fat is determined by extracting a

weighed amount of dry faeces with ether.

A considerable quantity of dried and finely pulverized faeces

is mixed in a porcelain dish with a small quantity of 1 per cent,

hydrochloric acid in alcohol, and evaporated to dryness on a water

bath. The addition of the acid alcohol is to split the soaps which

are present in the faeces into free fatty acid and neutral salts,

in order that the fatty acid may be extracted by the ether, the

soaps not being soluble in that menstruum.

1 Zeit. f. klin. Med., Bd. xii, 1887, p. 45.
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About 5 grams of the dried and pulverized mass are weighed

off and placed in a paper cylinder and extracted with ether for

three days in a Soxhlet apparatus (Fig. 78). The

ethereal extract is evaporated to dryness by a gentle

heat and the residue dissolved in anhydrous ether

and filtered into a weighing bottle. The filter

should be washed with some ether and the wash-

ings added to the first filtrate. The ether is then

evaporated by a gentle heat and the weight of the

vessel and its contents determined on a balance.

This total ethereal extract contains neutral fats,

fatty acids, cholesterin, coprosterin, lecithin, cholalic

acid, and other substances, but the approximate

result is close enough for clinical purposes.

Rosenfeld has recommended the use of chloro-

form for the extraction, which has the advantage

that the time required is only six hours, as com-

pared with the three days' extraction by the ether

method. Petroleum benzine may also be used to

extract the fat.

A separate determination of the neutral fats,

fatty acids, and soaps, may be made as follows

:

(a) The dried faeces which have not been treated

with acid are exhausted with ether. The extract

so obtained contains the neutral fat and the fatty

acids. Fig. 78.

—

Soxh-

(6) The portion of the faeces remaining in the ^^'^ ^^'^ ^''-

T 1 • 1 • 1 • 1 1 1 1 7 .
tkactionAp-

paper cylmder is then moistened with hydrochloric paratus.

acid and alcohol, dried, and extracted a second time

with ether, and the extract weighed. This gives the fatty acids

split off from the soaps by the acid.

(c) The volatile fatty acids can be removed from the first

extract by washing with some water, in which they are soluble.

The residue of fat which is left after washing is then dried and

weighed. The difference gives the volatile fatty acids which are

dissolved in the wash water.

The residue obtained by (a) is then dissolved in a mixture of

equal parts of alcohol and ether, and titrated with alcoholic

decinormal potassium hydrate, using phenolphthalein as an

indicator. A permanent faint pink is the end reaction. One c.c.
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of decinormal potassium hydrate solution is equivalent to 0.0284

grams of stearic acid. The number of c.c. of alkali used are mul-

tiplied by this factor and the product is the fatty acid extracted

from the faeces. The residue is the neutral fat, cholesterin, copro-

sterin, and lecithin. The cholesterin and coprosterin may be

separated and weighed by the procedure given in the following

section. These special chemical methods are of no clinical interest.

CHOLESTERIN

This substance or a body closely related to it, coprosterin, is

present in the faeces and may be completely extracted by ether.

Cholesterin is found in the faeces of children and adults on a

milk diet, while in adults on a mixed diet the cholesterin is

reduced to coprosterin by the action of the intestinal bacteria.

Qualitative tests for cholesterin or coprosterin can be carried

out with the ethereal extract of the faeces obtained for the purpose

of estimating the fat excretion. (See page 337.)

The fat is separated from the cholesterin and coprosterin by
heating the residue for half an hour on a water bath with alcoholic

potassium hydrate. The alcohol is evaporated, the residue is

extracted with ether or diluted with water and shaken out with

ether, and the ethereal extracts collected and evaporated. The
cholesterin and coprosterin in this residue may be separated for

the purpose of identification by extraction with cold alcohol, in

which cholesterin is not soluble. If the ethereal solution is evap-

orated, the cholesterin separates out in characteristic rhomboid

plates, while the coprosterin forms long curved needles.

LECITHIN

This substance can be found in very small quantities in the

faeces. It is derived from the lecithin of the food. It is ex-

tracted by ether from the faeces, and when the extract is saponi-

fied, it breaks up into fatty acid, neurin, and glycero-phosphoric

acid. Qualitative or quantitative tests are of no diagnostic value.

CARBOHYDRATES

Glucose and lactose have occasionally been found in the stools

of persons suffering from intestinal disorders, but not under
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normal conditions. The presence of sugar is merely an evidence

of insufficient absorption by the intestinal mucosa.

Starch is found in increased amount in the faeces in intestinal

catarrh and in what has been termed fermentative intestinal

dyspepsia. The qualitative recognition of its presence in the

faeces may be made by the microscope or by the Schmidt fermen-

tation test, which has been previously given on page 319. Quan-

titative determinations are of no practical value.

Complete exclusion of the pancreatic juice from the intestinal

lumen does not necessarily interfere with starch digestion.

GALL-STONES

Gall-stones are occasionally found in the faeces after passage

from the gall-bladder, but only after careful washing and sifting

of the excreted material. The softer gall-stones often disintegrate

and can not be demonstrated in the faeces.

Naunyn has classified gall-stones into the following groups

:

1. Pure cholesterin stones with a smooth or granular surface, whitish

color, and crystalline structure.

2. Cholesterin stones arranged in layers, the layers often being of alter-

nating dark and light color.

3. Stones with the material arranged in layers, usually varying some-

what in color, but not containing crystalline masses.

4. Mixed gall-stones composed of calcium bilirubinate and cholesterin

arranged in layers and colored. The nucleus is often of cholesterin.

5. Stones of pure calcium bilirubinate. These are dark brown in color

and very friable. Cholesterin is usually present only in small quantities.

Chemical Examination of Gall-stones.—The stone is powdered

and extracted with a Uttle hot water to remove the bile acids.

The residue is then extracted with a warm mixture of equal parts

of alcohol and ether, which dissolves the cholesterin. The residue

contains the calcium salts and the bile pigment and inorganic

substances insoluble in water.

In order to identify the cholesterin the alcohol-ether solution

is evaporated and submitted to the following tests

:

1. A few of the rhomboidal crystals of cholesterin are placed on a slide,

covered with a cover glass and concentrated sulphuric acid is allowed to

run under. The crystals soften at their edges and assume a brilliant car-

mine red color. If Gram's solution is added, they become blue, red, violet,

or green.
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2. A small quantity of perfectly dry cholesterin is dissolved in glacial

acetic acid and several drops of concentrated sulphuric acid are added.

A violet color is produced which passes over rapidly into green. The pres-

ence of water interferes with the test.

BiHrubin may be demonstrated in the residue left after the

alcohol-ether extraction by adding a small amount of dilute hydro-

chloric acid to the deposit. If gas is given off, it shows that some

calcium carbonate is present. After the acid has acted for a few

minutes, the bile pigments are set free from their calcium com-

pounds and may be extracted by chloroform. The chloroform

extract is allowed to evaporate and the yellowish residue is

tested for bile by the procedures given on page 563

INTESTINAL CALCULI

Large stone-like masses (coprohths) may be produced by the

inspissation of the faeces in the large intestine or in the vermiform^

appendix. These intestinal concretions may reach a large size,

become very hard, and occasionally cause intestinal obstruction.

True intestinal calculi (enteroliths) are much smaller than

these large intestinal stones, and resemble the calculi found in the

bladder. They consist usually of an organic nucleus composed of

vegetable particles, blood clots, etc., on which is deposited layers

of intestinal debris and phosphates of the alkaline earths.

The following varieties may be distinguished

:

1. Typical intestinal stones, which are round, heavy, very hard, and

arranged in concentric layers, and contain some foreign body as a nucleus.

These stones are frequently seen in the appendix, as are also the following:

2. Stones which are much lighter, and more friable in consistence,

made up chiefly of undigested vegetable fragments encrusted with phos-

phates. These stones usually show no concentric arrangement nor well-

defined nucleus. In this class belong the so-called oatmeal stones, which

are occasionally seen after long use of this substance as food.

3. Stones are occasionally seen in persons who have taken continuously

large quantities of salol, magnesium, or calcium carbonate.

4. Intestinal gravel, which consists of small hard particles composed
of an organic substance with calcium carbonate and magnesium phosphate.

Occasionally this gravel is almost entirely vegetable in its nature, and the

writer has seen a specimen made up very largely of stone cells derived from

pears which the patient had consumed in large quantities.

Stones from the pancreas are very rarely found in the fseces. They are

very easily broken up and have a rough surface. They consist chiefly of

carbonate and phosphate of lime. For analytical methods see page 610.



PART IV

PARASITES

I. RHIZOPODA

Amoeba dysenterise {Entamoeba histolitica).—This parasite is

made up of a nucleus surrounded by a coarsely granular mass

of protoplasm, which contains several vacuoles and often portions

of red corpuscles from the blood. The

pseudopodia which this animal is

capable of protruding are, as a rule,

composed chiefly of the hyaline ecto-

sarc of the parasite and not of the

granular endosarc. Small encysted

forms are occasionally seen. (Fig. 79,

upper left portion of cut.)

These cells with numerous nuclei

are regarded by Grassi as an evidence

of growth by multiple division, such

as is commonly seen in other types of

amoebae, and may possibly serve to

propagate the species outside of the

body.

Several other species of amoeba

(Entamoeba coli) have been found in the intestinal contents of

those suffering from dysentery, and even in the stools of patients

with a simple diarrhoea. They have also been found in the stools

of healthy persons, especially after a saline laxative. They are,

as a rule, smaller than the amoeba dysenterise, measuring 10

micra, instead of 20 to 50 micra, as do the pathogenic forms, ^ and

do not show a sharp boundary between the ectosarc and endosarc,

unless in active motion.

The amoeba dysenterise has been found in the intestinal mucus,

^ For a discussion of the two varieties see Schaudinn : Arb. a, d. Kais.

Gesundheitsamte, Bd. xix, 1903, p. 547. See also Casagrandi e Barbagallo:

Annali d'Igiene Sper., vol. vii, 1897, p. 103.
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Fig. 79.

—

Amceba dysenteric.

The two lower parasites are

nearly filled with red blood

corpuscles. The smaller

spherical mass in the upper

left corner is an encysted

form. (Braun.)
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in the walls of ulcers of the colon and rectum, and in a large pro-

portion of the cases of tropical abscesses of the liver. ^

The pus from the liver abscesses is of a yellowish or reddish

color and does not, as a rule, contain any pathogenic organisms

other than the amoebae. Generally few leucocytes are present, but

much debris, many red blood corpuscles and granular material.

The walls of the abscess are covered with shaggy masses containing

fibrin and necrotic liver cells. Occasionally the amoebae can not

be found in the pus first aspirated, but appear in large numbers

four or five days after drainage has been estabhshed by operation.

Whether the amoeba stands in direct causal connection with

these conditions is still a matter for investigation. At present the

trend of opinion seems toward the view that the presence of the

amoeba is the result of a secondary infection with this organism,

and that it is not the primary agent in the disease, especially of the

acute forms, which are probably bacillary in origin. The amoebic

form of the disease is very wide-spread, occurring in both temper-

ate and tropical regions, though most abundantly in the latter.^

The stool or the pus which is to be examined for this parasite

must be studied immediately, while still warm, as the parasite

easily loses its power of amoeboid motion, which is its most charac-

teristic point. The small, grayish masses of mucus should be se-

lected as the most hkely site for the parasite. In doubtful cases

a long rectoscope tube should be passed and portions of mucus
removed from any ulcerated area which may be found and

promptly examined on a warm stage. Unless amoeboid motion

can be detected, a differential diagnosis between the amoeba

and degenerated cells often found in the stools is difficult. A
warm stage during hot summer weather is unnecessary.

In order to make permanent preparations, it is necessary to

fix the stool or a fragment of mucus in a sublimate mixture com-

posed of 100 c.c. of an aqueous 1 per cent, mercuric chloride

solution, 50 c.c. strong alcohol and 5 drops of glacial acetic acid.

After ten minutes the material is transferred to 70 per cent,

alcohol containing a few drops of Lugol's solution. It is then

1 Rogers : Brit. Med. Jour., vol. ii, 1902, p. 844.

^ Councilman and Lafleur : Johns Hopkins Hosp. Reports, vol. ii, 1891, p.

395. Harris: Amer. Jour. Med. Sciences, vol. cxv, 1898, p. 384. For a
recent review of this subject, with a very complete bibliography, see Gross,

Deut. Arch. f. klin.Med., Bd. Ixxvi, 1903, p. 429.
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washed in water and stained with haematoxylin and eosin, dehy-

drated in alcohol and mounted in balsam.

Other Forms of Amoebae.—Amoebae have also been found in the

mouth, lung cavities, and the urine, but they possess no pathogenic

properties and are probably introduced by drinking water or

inhalation of dust containing encysted amoebae. The exact method

of infection of the bladder has not been made out.

A parasite resembhng the amoebae and called by Schaudinn,

Leydenia geminipara, has been found by v. Leyden in ascites

fluid from patients suffering from peritoneal carcinoma, and is con-

sidered by him as characteristic of that condition. Other observers

are inclined to regard the parasites as merely swollen and altered

tissue cells.

^

II. FLAGELLATA

Trichomonas vaginalis.—The body of the parasite is pear or

spindle shape, and measures 15 to 20 micra long and 7 to 12 micra

in width. Three or four long flagella are at-

tached to the blunt extremity. The nucleus is "^^3<^II^
near the flagellated end. The body has an un- ^n^ ^

dulating membrane attached to one side.

The parasite lives in the vagina in the human
subject so long as the reaction is acid. Alkaline

irrigation or a change of reaction during men-

struation causes the disappearance of the para-
FiG. 80.—Trich-

^^^®- OMONAS VaGI-

This infusorium is probably identical with the nalis.

Trichomonas intestinalis, which has been fre-

quently found in the mouth, urethra, and intestinal tract of

healthy persons, and also in the stools of persons suffering from

diarrhoea. The same parasite has been found in the sputum in

gangrene of the lung.

There is no reason to suppose that the parasite possesses any

pathogenic action in the human subject.

Lamblia intestinalis.—This flagellate is a pear-shaped organism,

with a large depression on its anterior surface, from the edges of

which spring three pairs of cilia. Another pair are attached to

the pointed extremity of the parasite. The body measures 10

^ A full consideration of the amoeba group may be found in Braun : Para-

siten des Menschen, third edition, 1903. Also Doflein: Die Protozoen als

Parasiten u. Krankheitserreger. Zweite Aufiage, Jena, 1903.
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Fig. 81 .

—

Lam-
BLiA Intesti-

NAMS.

Fig. 82.—Cerco-
monas hominis
(Trichomonas
intestincUis) .

to 21 micra in length and 5 to 12 in width. The flagella are from

9 to 14 micra in length. Small, oval, encysted forms are found

in the faeces, the flagellate forms appearing as a

rule only after laxatives have been administered.

The parasites are found in

the faeces of mice, rats, and other

animals. The infectious material

is transferred to the human sub-

ject by contamination of food

with faeces containing the en-

cysted parasites.

Cercomonas hominis {Tricho-

monas intestinalis)—Very small parasites with

one or more flagella have been found in the stools

in a number of intestinal disorders. They have

also been found in urine and sputum. The body

measures from 10 to 16 micra and occa-

sionally a small nucleus can be made out.

They have no pathological importance.

III. INFUSORIA

Balantidium coll.—This parasite is occa-

sionally found in the lower intestine of man,

where it may give rise to dysenteric and

diarrhoeal symptoms. Some observers have

been able to demonstrate the parasite in the

intestinal ulcers and in the lymph vessels of

the intestinal wall.^

The parasite is a small, oval body, 60 to

100 micra long and 50 to 70 micra wide.

It is provided with cilia. Two nuclei can

be made out, a macronucleus of bean or

kidney shape, and a small spherical micronucleus. The blunt end

of the parasite is provided with an aperture which is funnel-

shaped. The cell body frequently contains fat droplets, starch

granules, and bacteria, and occasionally red and white blood cor-

puscles.

^ Strong and Musgrave: Johns Hopkins Hospital Bulletin, vol. xii, 1901,

p. 31. Ehrnrooth: Zur Frage der Pathogenitat des Balantidium coli, Zeit.

f. klin. Med., Bd. xlix, 1903, p. 321 (Bibliography).

Fig. 83 .
—Balantidium

CoLi. (Leuckart.)
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IV. TREMATODA
The trematode group of worms are flat leaf-shaped animals.

The Distomida, a family which infects the human subject, are

provided with ventrally placed suckers and are hermaphrodite.

Bilharzia, in which the sexes are separate, belongs to a slightly

different group.

Fasciola hepatica {Distomum hepaticum, Liver fluke).—This

small trematode worm measures about 20 to 30 mm. in length

and 8 to 13 mm. in width. It is covered with fine spines, the

points being directed backward. The eggs are

yellowish brown, and measure 130 to 145 micra

in length and 70 to 80 micra in width. They

resemble considerably those of Bothriocephalus

latus, except that they are much larger.

The parasite commonly inhabits the bile ducts

of a number of the herbivora, especially the sheep,

beef, and horse. The eggs pass into the intestine

through the bile, and the developmental cycle

is completed in the body of a small fresh-water

mollusk (Limnsea truncatula). The cysts after

development in the mollusk may be transferred

to aquatic plants and thus infect cattle. Man
probably obtains his infection from drinking Fig. 84.

—

Fasci-

water ^^^ Hepatica.

Human infection is extremely rare, about ameters^

thirty-two cases having been reported. The

usual symptoms are swelling and tenderness of the liver, jaundice,

etc. The parasite is often discovered only post mortem, as the

clinical picture is not characteristic and the only means of mak-
ing a positive diagnosis is the finding of the flukes or eggs in the

faeces.

Dicrocoelium lanceatum {Distomum lanceolatum)

.

—This para-

site is 8 to 10 mm. in length and 1.5 to 2.5 mm. in width, and
has no cuticular spines. The eggs are thick shelled, yellow or

brown in color, and measure from 38 to 45 micra in length and
22 to 30 micra in diameter. They contain a flagellate embryo
which develops in the snail. Infection in the human subject is

rare, about seven cases being reported. It does not cause any
characteristic symptoms.
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Opisthorchis felineus (Distoma sihiricum).—This parasite is

yellowish red, translucent, and measures 8 to 10 mm. in length

and 1.5 to 2 mm. in width. It has been frequently found in the

human subject in Siberia, and a few cases have been seen in Ger-

many. A number of fatal

cases have shown dilatation of

the bile passages with chronic

inflammation and atrophy of

the liver substance. The eggs

are occasionally found in the

faeces.

Opisthorchis sinensis {Dis-

tomum spathulatum)

.

—A very

similar worm, of about the

same size and color, is abun-

dant in certain districts of Ja-

pan and China. 1 The site of

the infection is the liver, with

resulting atrophy and jaun-

dice. The eggs are frequently

found in the intestine and re-

semble to a certain extent the

eggs of Bilharzia hsematobia.

They measure 20 to 35 micra

long and 15 to 21 micra broad.

Paragonimus Westermani

(Distoma Ringeri ; D. pulmo-

nale).—This is a small worm
of a reddish brown color and

of oval shape, measuring 8 to

10 mm. in length and 4 to 6

mm. in width. Infection in the

human subject exists chiefly in

China, Korea, and Japan, but

several cases have been de-

scribed as occurring in the United States. Haemoptysis is the

most striking symptom of infection by this parasite, and the eggs.

Fig. 85.

—

Male and Female of
Bilharzia H^matobia. (Looss.)

^ See a recent paper by Inouye : Arch, f . Verdauungskrankheiten, Bd. ix,

1903, p. 107 (Bibliography).
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which measure 56 by 90 micra,

can usually be found in abun-

dance in the sputum. The

worms are found in small

bronchiectatic cavities or in

thick walled cysts.

Bilharzia haematobia
{Schistosomum hcematohium)

.

—The adult forms of this

parasite inhabit the portal

vein and its branches. They

are also found in the vessels

of the pelvis, bladder, and

rectum. The male measures

some 12 to 14 mm. in length

and 1 mm. in width, and is

provided with a sucker at its

anterior end, and a long

groove on the ventral surface

which contains the female.

^

Fig. 87.

—

Free Swimming Embryo of
Bilharzia H^matobia.

24

l"iG. 80.

—

Egg of Bilhakzia II.eaiatobia.

The latter measures about 20 mm.
_^_ ... in length and about 0.25

of a mm. in thickness.

The eggs of the para-

site are spindle shaped and

have projecting from the

posterior extremity or

from the side a small

spine. They measure

about 0.12 to 0.19 mm.
long by 0.05 to 0.07 mm.
wide. Inside of the egg

is a cihated embryo which

is set free when the eggs

come in contact with

water.

The method by which

man is infected by the

parasite is still somewhat

doubtful ; but it is proba-

bly from drinking infected

I

I
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drainage water. Recently it has been claimed that the embryos

can enter the circulation through the skin.

The eggs are set free by the female parasite and may very

rarely be found in the circulating blood. Usually, however, they

enter the bladder and by their presence in the wall of that organ

Fig. 88.

—

Ova of Bilharzia H^matobia in Urine.

blood corpuscles.

The granular masses are

set up a very active cystitis. The urine frequently contains large

amounts of blood and pus, while the Bilharzia eggs are abundant.

Phosphatic calculi are often found in the bladder in cases of in-

fection by the Bilharzia.

The disease is especially prevalent in Egypt, but cases are

seen all along the African coast, especially in Algiers and in the

south at Natal, Mozambique, and Cape Colony. An isolated

center of infection exists in Arabia (Mecca).

^

V. CESTODA (TAPEWORMS)
The tapeworms have certain anatomical structures in common

which sharply distinguish the group from the nematode worms.

^ Further details on the Trematoda may be found in an excellent paper

by Manson, in A System of Medicine, edited by Allhutt, vol. ii, p. 1006. See

also Braun: Parasiten des Menschen, third edition, 1903; SinA. Scheuhe : Krank-

heiten d. warmen Lander, Jena, 1903.
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They are long, flattened worms without any digestive tract, which

are united to form a long row of individuals.

The first member of the series, the head or scolex, is character-

ized by special structures intended to enable the worm to hold

firmly to the intestinal mucosa. Besides these suckers, the head

often carries a circlet of small hooks. This first member of the

series is to be regarded as the ancestor of the entire worm, for all

of the individuals which follow are derived from the head by

budding. Each individual of the series is a true hermaphrodite,

with both male and female sexual organs, though in the younger

members of the chain these organs are not easily seen, while in

those which form the free end of the

worm, the sexual organs have under-

gone atrophy and the uterus is altered

into a large receptacle for eggs. In

some rare species infesting animals the

segments are male and female.

The sexual opening is placed along

the border of the flattened proglottides

or individuals in the Tsenias and in the

median line in the Bothriocephalus.

The uterus usually has a separate open-

ing, either on the lateral border or on

the surface. The ventral aspect of

the worm is that on which the uterus

opens, or the surface to which the

uterus most closely approximates.

The ripe proglottides are capable of

independent motion, and in one species,

T. saginata, they often crawl out from the anus. Each contains

an enormous number of eggs, in which the embryo is already devel-

oped, so that in many of the eggs which are found in the faeces the

small ring of six hooklets, which is characteristic of the embryo,

may easily be seen. The nutrition of the individual proglottides

takes place by osmosis with the contents of the intestine and excre-

tion through a water vascular system, the vessels of which pass

between the individual proglottides. The injurious effect of the

worms on the nutrition of the human host is probably more depen-

dent upon the products of the metabolism of these animals than

upon the mere removal of so much food from the intestinal tract.

Fig. 89.—Transverse Section
OF Head of Bothrioceph-
alus Latus. (Moniez.)
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If the eggs are now taken into the intestinal tract of a suitable

host, they bore through the intestinal wall by means of their

hooks and are transferred to different portions of the body by
means of the blood stream. The liver is naturally frequently

invaded because of the number of embryos entering the portal

circulation.

When deposited in a suitable tissue the embryo develops into

a large cyst, from the walls of which bud out large numbers of

scolices which may form sec-

ondary cysts. If the contents

of one of these cysts is taken

into the gastro-intestinal tract

of a suitable animal, the wall

of the cyst is digested and the

scoHces contained in it attach

themselves to the intestinal

mucosa and begin to form the

long chain of proglottides

known as a tapeworm or stro-

bila.

Bothriocephalus latus {Di-

hothriocephaliis latus ) .—This

tapeworm is composed of be-

tween three and four thousand

individuals, which are ordi-

narily much broader than

long, except near the end of

the worm, where they become

more nearly square. The old-

est proglottides may be longer

than they are broad. The
length of the worm is from

two to nine meters. The head is oval, two or three miUimeters

long, and has on each side a deep groove which corresponds to

the suckers of the other tapeworms (Figs. 89 and 90). The head

is not armed with hooks.

The individual segments are of a grayish yellow color. The
genital opening is in the middle of the segment and is usually

surrounded by a circle of pigment. The uterus shows a number
of comparatively simple convolutions which lie near the center

^ L

lir
iiii:

m:
Fig. 90.

—

Head of Bothriocephalus
Latus, much magnified. To the right

the head, neck, and proglottides of the

same worm about natural size.
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of the proglottis and are most easily seen if the worm is soaked in

water. (Fig. 91.)

The eggs measure 45 by 68 to 71 micra. They are of a brown

color and occasionally a small cap or lid can be demonstrated

at one end of the egg.

The shell is thin and

highly refractile. (See

Fig. 92.) The germ

cells are often seg-

mented and surround-

ed by a number of

large yolk cells. The

eggs are contained in

the segments of the

middle portion of the

worm, the terminal
i o^'iV^"/** *"Ml

proglottides often con-
\^Vyj^vro^

taining no eggs. The ^--^-S—.2—**

final development of

the eggs takes place in

water, and after a

number of weeks a

small free-swimming

embryo is formed, which is covered with cilia. The lid of

the egg opens and the embryos pass out of their ciliated

shells, sink to the bottom of the water and creep about. The

method of infection of the intermediate host is unknown, though

the scolices have been found in the intestinal wall, liver, spleen and

muscles of various fresh-water fishes, such as the pike, perch,

salmon, and carp. When imperfectly cooked fish is eaten, the

scolex is set free by the action of the digestive juices and the worm
develops in the intestinal tract. The growth is very rapid, and

experimental infections in human beings have shown that thirty to

thirty-two well-formed proglottides can be developed per day.

Eggs appear in the stools twenty-four days after infection of the

human being, and the passage of a 22 cm. fragment has been

noted twenty-one days after infection.

The Bothriocephalus latus is a frequent parasite of the human
race in certain localities. It is also seen in dogs, cats, and foxes.

The regions in which the population especially suffers from this

Fig. 91.

—

Proglottis of Bothriocephalus Latus,

Showing Branching Uterus Filled with Ova.
(Braun.)
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parasite are the lake districts of Switzerland and the Baltic

provinces of Russia. From the first center the infection has

spread through France and Italy, and from the Baltic regions to

St. Petersburg, Finland, Sweden, Poland, and the coast districts

of Germany. Cases are rare along the North Sea and in Holland,

Belgium, and northern France. In Turkestan and Japan, Both-

riocephalus is one of the most frequent parasites. It is also seen

in South Africa. In America a

number of cases have been seen,

most, if not all, of which were

in immigrants.

A considerable number of

the population in certain dis-

tricts is infected by these tape-

worms. For example, in Den-

mark some 10 per cent, of the

people carry these parasites ; in

St. Petersburg about 8 per cent.,

and in Moscow about 9 per cent.

In Switzerland 10 to 20 per cent.

of the population living along

the banks of the lakes are in-

fected by these worms. In Ge-

neva the proportion was 10 per

cent., but is now reduced to 1

per cent, by hygienic measures.

The writer's own experience has been confined to six of these

parasites, all of which were obtained from Polish immigrants from

the Baltic coast districts. In all these cases only a single worm
was obtained from each person, a marked anaemia being noted in

one case only. Cases have been reported, however, where a large

series of worms have been obtained. For example, Askanazy ^

noted in a case of severe Bothriocephalus latus anaemia a mass of

worms from which he was able to isolate 67 heads. Boettcher ^

found at autopsy 100 individuals ; Roux ^ found 90 ; and Heller ^

Fig. 92.

—

Egg of Bothriocephalus
Latus, Showing Lid and Yolk
Granules. From a photograph by
the author.

^ Zeit. f. klin. Med., Bd. xxvii, 1895, p. 490.

2 Cited by Leuckart. English Translation, p. 715.

^ Correspondenzbl. f. Schweizer Aerzte, 1887, p. 488.

* Tageblatt 59te Versamml. Deutscher Naturf . u. Aerzte in Berlin, No. v,

p. 147, 1886.
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78. It is interesting to note that in the cases of Roux and Heller

no anaemia was noted, showing that the blood changes are not

in proportion to the number of worms.

The symptoms which the presence of these worms induce in

human beings are often unimportant. In some cases there are

moderate gastric and nervous symptoms, and in a certain small

proportion of those infected there has been observed a very

severe anaemia, resembling very closely pernicious anaemia. A
fuller discussion of the subject will be found on page 148.

Diplogonoporus grandis (Krabbea grandis)..—The head of this

parasite has not been described. The chain of segments measures

Fig. 93.

—

Dipylidium Caninum. Head, proglottis, and egg considerably

magnified. Head and portion of worm about natural size. (Braun.)

some ten meters in length. The anterior segments measure 1.5

mm. transversely, the posterior, 2.5 mm. The proglottides are

very short, usually not over 0.5 mm. The genital openings are

arranged in pairs on the ventral surface of each proglottis. The

egg is brown in color, with a thick shell and measures 50 by 63

micra.
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The parasite has been found in the human subject only in

Japan.

Dipylidium caninum.—This worm is a frequent intestinal

parasite in the dog, and has been met with in a moderate number

of cases in the human subject. It measures from 15 to 35 mm.
long and 1.5 to 3 mm. in width. (See Fig. 93.)

The head is small, somewhat rhomboidal in shape, with a pro-

jecting rostellum which bears three to four circles of small hooks.

The first series of proglottides are short and broad. The ripe

members are sausage-shaped, measuring 6 to 7 mm. in length and

2 to 3 mm. in diameter. The genital pores are symmetrically

arranged on either side of the proglottis.

The uterus is reticulated and incloses in its meshwork the

testicular structures.

The egg is spherical, measuring 43 to 50 micra in diameter.

The intermediary hosts are the dog louse, dog flea, and the

human flea. Infection in animals is obtained directly by swallow-

ing infected fleas. The infection in the human subject may arise

in a similar manner or may be derived from the cysticercus form,

which may be contained in the saliva from the mouth or may be

present on the tongue of the dog.

Hymenolepis nana (Tcenia nana).—This small tapeworm meas-

ures from 5 to 45 mm. in length, with a maximum breadth of

about 0.7 of a mm. The head resembles the Taenia group in

that it has four suckers and a row of twenty-four to twenty-eight

hooklets, surrounding a retractile proboscis. There are one hun-

dred and fifty to two hundred segments in the mature worm with

genital pores on the left. The uterus is not branched, but is single,

and in the ripe proglottides is filled with eggs which are oval or

round, measuring from 30 to 37 micra in diameter. The structure

of the eggs is more complicated than in the Taenia saginata as

they have two distinct shells, the inner one presenting at each

pole a more or less distinct projection provided with filamentous

appendages. The six-hooked embryo can occasionally be made
out inside the egg.

The intermediate host is the rat, but it has been shown that

this extra cycle can be dispensed with and an autoinfection with

the formation of a cysticercus may take place. The eggs of the

tapeworm are presumed to be spread by the infection of food by the

excrement of mice and rats; secondary infections taking place
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from person to person, as seems probable from the report of

Ransom/ where thirty-eight out of one hundred and five cases were

inmates of public institutions. A large number of the cases of

Fig. 94.

—

Hymenolepis Nana. Parasite to the left, egg, scolex, and
booklet to the right. (Braun.)

human infection reported have been from Sicily, where Calan-

druccio estimates that 10 per cent, of the children harbor this

worm. Bilharz has found that it is abundant in Egypt, and

cases have been reported in a number of European states, in

Japan, Siam, and Brazil, and more recently a number have been

^Tapeworms of the Genus Hymenolepis Parasitic in Man. Bulletin 16,

Hygienic Laboratory. United States Public Health and Marine Hospital

Ser\dce, Washington, D. C.
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described in the United States, chiefly along the coast of the Gulf

of Mexico.

1

Hymenolepis diminuta (Syn., Tcenia diminuta, Tcenia flavo-

punctata).—This parasite is a small worm from 30 to 60 cm. long,

about 3.5 mm. wide, and is composed of from 600 to 1,000 members.

The head is very small, measuring 0.2 to 0.5 mm. in diameter, is

oval, and is provided with hooks. The eggs are round or oval,

the smaller ones measuring 60 by 70 micra, the larger, 70 by 86

micra. The eggshell is yellowish and shows a faint radial striation.

A few specimens of this worm have been described in the United

Fig. 95.

—

Hymenolepis Diminuta and Egg.

States,^ but it is most frequently met with in Italy. The parasite

is frequently found in the intestinal tract of mice and rats. The
cysticercus stage has been found in Italy in butterflies and in

beetles. Other insects can possibly also act as intermediary

hosts .^

Davainea Madagascariensis.—This is a rare parasite of some

30 cm. in length, with a scolex carrying four large suckers and a

rostellum provided with ninety hooks. Thestrobila contains some
five hundred to seven hundred members. Those forming the

posterior half of the worm are filled with eggs. The individual

members when mature measure about 2 mm. long and 1.4 mm.
broad. The genital pores are all on the same side. The uterus

consists of a number of tubes rolled up in small masses which

unroll when the eggs develop, the latter being set free in the paren-

chyma of the segment.

The oncosphere measures about 8 micra in diameter, and is

surrounded by two transparent shells from the outer edge of which

project two spike-like prolongations.

^For an excellent review of the subject see Stiles: New York Medical

Journal, 1903, p. 877.

^Packard: Jour. Amer. Med. Ass'n, vol. xxxv, 1900, p. 1551.

^ Leidy: Amer» Jour. Med. Sciences, vol. Ixxxiii, 1884, p. 110.
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The parasite has been found in British Guiana, Africa, and

India, but only a moderate number of cases have been reported.

Taenia solium.—This worm has an average length of about

2 or 3 meters, with a width of about 8 mm.
The head is knob-shaped and about 1 mm. in diameter. The

rostellum is short, often pigmented, and with a double circle of

hooks, which average about twenty-six or twenty-eight in number.

The suckers are about half a millimeter in diameter. The neck

is rather thin and about 5 to 10 mm, long.

The number of proglottides is from eight to nine hundred.

They increase very rapidly in size, and about one meter behind

the head are square and contain fully developed sexual organs.

The old members of the worm which are ready to be cast off are

10 to 12 mm. long and 5 to 6 mm. wide.

The genital openings are placed alternately, first on one side,

and then on the other side of the segments. The developed

uterus consists of a medium tube from which ten or twelve side

tubes extend out on either side. These lateral tubes branch

slightly, but not so much as in the Taenia saginata. The eggs are

oval; the eggshell proper very thin. The shell of the embryo
is thick, radially striated; yellow in color, and measures externally

31 to 36 micra. The embryo (oncosphere) has six hooks and is

about 20 micra in diameter.

The mature tapeworm of the Taenia solium is found in the small

intestine of man ; the head is usually in the first portion of jejunum.

The domestic pig acts as intermediate host of the Taenia solium,

but the cysticercus is also seen in other mammals, such as the

wild pig, sheep, dog, cat, bear, and ape. When the eggs enter

the intestinal tract of one of these animals the embryo is set free

and enters the wall of the gut, from which it is transported to

various portions of the body, where it forms a so-called cysticercus,

chiefly in the intermuscular connective tissue. The encysted

embryo in the pig is a small, elliptical, white body measuring from

6 to 20 mm. in length and from 5 to 10 mm. in diameter. In the

center of the mass a small white spot marks the invaginated head,

which can be easily extruded by pressure on the small cyst and

can be microscopically recognized as belonging to the Taenia soHum.

The cysticercus cellulosa occurs only very rarely in man. It has

been seen in the eye, in the brain, and in the other organs. In

recent years, owing to the official inspection of meat, the number
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of cases of infection has been greatly reduced. For example,

Virchow, before inspection was begun, found cysticercus in the

brain in one autopsy out of thirty-one ; while after the introduc-

tion of inspection, the number was diminished to one in two

Fig. 96.

—

Scolex, Egg, and Ripe Segments of T^nia Solium.

hundred and eighty. The mode of infection in the human subject

is a direct transmission of the eggs to the stomach by means of

the food or fingers, and possibly by the transmission of ripe seg-

ments of the worm from the small intestine past the sphincter of

the pylorus into the stomach.

In America, the Taenia solium is exceedingly rare, as the habit

of eating uncooked pork is not wide-spread. In some districts

in Germany, France and Italy the worm is still occasionally met

with, though only in small numbers as compared with the Taenia

saginata.

Taenia saginata (T. mediocanellata)

.

—This species of tapeworm

is much more abundant than the Taenia sohum, especially in the

United States, where rare beef is consumed more frequently than

uncooked pork. In Europe, the T. sohum is more frequently
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met with, though even there it forms only a small proportion of

the tapeworms of the Taenia group.

The average length of the worm is from 4 to 10 meters, though

specimens have been described of 36 meters in length. The breadth

Fig. 97.

—

Scolex and Segments of T^nia Saginata.

of the proglottides varies a good deal, but may be considered to

average about 12 to 14 mm., the ripe members being somewhat

narrower and measuring about 4 to 7 mm. in width and 16 to 20

in length. The head is roughly cubical and 1 to 2 mm. in diameter.

The rostellum contains no hooks.

The suckers and rostellum are often

pigmented. The uterus sends out

a group of from twenty to twenty-

five branches, which break up
again into a series of smaller

tubes. This form of the uterus is

important, for it furnishes a differ-

ential between t^iis worm and the

Taenia solium.

The spherical eggs of the two

worms can not be distinguished

from each other by the microscope,

measure, approximately, 30 to 40 micra in length and 20 to 30

in width. The shell is thick, radially striated, and is frequently

surrounded by a gelatinous coat.

Fig. 98.

—

Egg of T^nia Saginata.

Those of the Taenia saginata
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The extra-human cycle is carried out in the beef, the infection

occurring either through the hay used in feeding the animals or by
the infection of the grass in the pasture by the segments. The
cysticercus form develops in the muscles as small opaque nodules,

giving the meat a spotted appearance (measly beef). The cysti-

cercus is very rarely seen in man, three somewhat doubtful cases

having been published.

Taenia echinococcus.—This small tapeworm normally inhabits

the intestinal tract of the dog, fox, jackal, and wolf. The dog is the

most important agent in human infection. In

Iceland, 28 per cent, of the dogs carry this para-

site; in Berlin, 1 per cent.; in Copenhagen, 0.4

per cent. ; in AustraHa, 40 to 50 per cent. ; while

in America only a small percentage of these ani-

mals are infected. The large proportion of in-

fected animals in Australia is apparently due to

the fact that the dogs consume the meat of sheep

containing the echinococcus cysts.

The adult worm measures 2.5 to 6 mm. in

length. The head is 0.3 of a mm. broad, bearing

four suckers of a diameter of about 0.13 of a mm.
The neck is short. The body consists of three to

four members, the one most distant from the head

measuring about 2 mm. in length and 0.6 of a

mm. in width. The genital pores alternate. The

head bears a rostellum carrying a double circle of

from twenty-eight to fifty hooks, which vary in

size and form.

The uterus is slightly branched and consists

merely of a series of irregularly shaped receptacles

for the oval eggs, which measure 30 to 36 micra.

The shell is thin and radially striated. The

adult worm in the small intestine of the dog gives

off large numbers of eggs, and the disease is spread by the scat-

tering of the dog's faeces in places from which infectious material

can be obtained by children or adults.

Infection has, no doubt, been frequently derived from

close contact with house dogs, especially by transfer of the

oncospheres, by the dog licking the face or mouth of the

child; while in Australia the drinking of water from shallow

Fig. 99.—T^nia
Echinococcus.

Magnified 20

diameters.
(Braun.)
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pools contaminated by dogs' faeces is the common source of the

disease.

On the arrival of the embryo in the stomach the shell is

digested by the gastric juice, and the six hooked embryo thus

freed passes through the intestinal mucosa and is carried by the

blood to various portions of the body. Naturally the liver receives

the major portion of the infectious material through the portal

system. About four weeks after the infection of the body, small

cysts about 1 mm. in diameter are developed in the lobular

tissue of the organs. These cysts consist of an outer shell formed

I B

C

Fig. ] 00.

—

Diagram to show Development of the Scolices of T^nia Echin-

ococcus AND THE FORMATION OF DAUGHTER Cysts. A, Free Daughter Cyst

;

B, Laminated Cuticle ; C, Germinal Layer.

by the connective tissue of the host and an inner solid body about

0.5 mm. in diameter, which represents the young parasite. The

six hooks of the embryo are discarded and the cysticercus consists

of an outer transparent shell, the so-called cuticle which is 20 to

50 micra in thickness, and a granular contents. At the end of

eight weeks, the cysticercus measures 2 mm., the cuticle thickens,

and its inner surface is covered by a thin germinal layer which is

at first solid and occupies the entire space inside the cuticle. A
cavity soon develops, containing a clear watery fluid. The parasite

continues to grow, the outer or cuticular layer becomes laminated,

while the germinal layer is composed of a sort of granulation

tissue containing a few capillaries and many small cells on the

periphery and larger granular cells on the inner surface.
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Later, a protuberance arises from the germinal layer which

projects into .the cavity of the cyst and develops into a small

capsule within which the scolices of the tapeworm are formed.

The further details of the process are not definitely settled.

Leuckart thinks that a diverticulum is formed, which extends into

the cavity of the cyst, that the head of the embryo is formed at

the base, and that the diverticulum thus formed invaginates and
forms the scolex. Moniez,^ however, claims that the head de-

velops inside of the inner capsule as a protuberance from the

inner surface, which may afterwards form a diverticulum en-

veloping the scolex.

A large number of these brood capsules are formed on the

inner surface of a large cyst and become free, giving rise to a

Fig. 101.—EcHiNococcus Daughter Cyst Removed by Aspiration from a
Large Cyst of the Liver, The wall of the cyst is made up of a thin

laminated membrane. Inside the cyst are numerous scolices and hooklets,

the former in various stages of development. Magnified about 100 diameters.

series of small translucent daughter cysts containing numerous

scolices. These free floating daughter cysts cause the peculiar

fremitus felt when an echinococcus cyst is palpated.

Degeneration may take place in the cyst with destruction of

Ihe daughter cysts and setting free of the hooks and scoHces.

Traite de Parasitologie, Paris, 1896.
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The hooks being very resistant to the action of the body fluids,

retain their form for years, and if the contents of the cysts are

aspirated, the hooks can be found in the fluid.

This fluid is usuafly clear or of a faint yellow color ; either of

a neutral reaction or faintly acid ; and pf a specific gravity of 1.009

to 1.015. It contains

about 0.7 per cent, of

sodium chloride, traces

of glucose, inosite, leu-

cin, cholesterin, and a

very small quantity of

albumin, which usually

does not give rise to a

cloud on heating.

The laminated
membrane is made up

of a series of very thin, \

transparent 1 am e 1 1 2e ^.

(Fig. 102), and a frag-

ment of it is pathogno-

monic of an echinococ-

cus cyst. YiG.

The scoUces (Fig.

103) are small oval or

spherical bodies about 0.2 to 0.3 mm. long. The rostellum, which

bears the double row of booklets, may be protruded so that the

hooks are visible from the

lateral aspect of the scolex;

or the rostellum may be so

retracted that the hooks can

only be seen when the line of

sight is directly in the line of

the rostellar opening. The
suckers are usually quite

easily seen as projections

from the middle segment.

The cyst may remain

single, or the so-called hyda-

tid form may be produced by the production of a large number
of small cysts in the walls of the primary cysts. These cysts later

25

102.

—

Photograph of Laminated Wall
FROM AN ECHINOCOCCUS CyST.

Fig. 103.

—

Contents of an Echinococcus
Cyst showing Scolices, Hooklets,
AND Cholesterin Crystals.
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become free in the lumen of the larger cyst. The primary cyst

thus becomes filled up with daughter cysts, which in turn may
contain others. The average diameter of the daughter cysts is

from 1 to 2 cm.

The third form of cyst is seen in the human liver, and develops

as a series of larger or smaller cysts separated from each other by
thick connective tissue trabeculse. The cyst contents, instead of

being thin, are thick and gelatinous, and scolices are difficult to find.

Taenia Africana.—This parasite is of comparatively little im-

portance in temperate countries, but has been found in negroes

from the Nyassa region of Africa.

The tapeworm measures about 1.3 meters in length. The
scolex has no hooks. The proglottides are broad and short. The
genital pores alternate irregularly and open on the border of the

segments. The uterus has fifteen to twenty-four unbranched

receptacles. The embryos are round or oval, with a thick shell

which is radially striated. They measure between 30 and 40

micra in diameter.

VI. NEMATODA
The nematode worms are slender cyhndrical animals, tapering

slightly at both extremities. The male and female are separate

individuals. The eggs of some of the nematodes are capable of

developing into what is known as a rhabditic parasite; in other

words, the free embryo may develop sexually and form eggs for

several generations, its descendants again entering the parasitic

stage as true nematode worms.

Strongyloides intestinalis.—This parasite is frequently found in

Southern China, in the stools of persons suffering from acute diar-

rhoea. In this country a few cases have been described by Thayer ^

and others.^ The infection with this parasite is not uncommon
in Italy, and scattered cases are reported in Germany. Some
have also been seen in the West Indies. The female parasite

is a slender worm, about 2 mm. in length by 0.06 mm. in breadth,

which may be found in the upper portion of the small intestine,

the head being buried in the mucous membrane, or the worm may

» Jour, of Exp. Med., 1901, p. 75.

^ Wainwright and Nichols : Medical News, 1904, p. 785. Brown: Boston

Med. and Surg. Jour., 1903, p. 583. Strong : Johns Hopkins Hospital Reports,

1901, vol. X, p. 91. Price: Jour. Amer. Med. Ass'n, vol. xli, 1903, pp. 651

and 713. Also Ward: ibid., p. 703.
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Fig. 104.-

ture female

riform larva

A B C

Strongyloides Intestinalis. a, ma-

be free in the lumen. No male has been found under these con-

ditions, and the female is supposed to be parthenogenetic. The
eggs are not found in the stools unless a very active diarrhoea

is present, but develop

into so-called rhabditi-

form embryos, a por-

tion of which may form

filariform larvae, and the

remainder may grow

into sexually differen-

tiated male and female

worms. The rhabditi-

form embryos measure

0.2 to 0.4 of a mm. in

length, and are very

actively motile. A few

hours after being passed

from the anus they

may develop into the

filariform type, losing

all sexual and digestive

structures and growing

to a length of from 0.4 to 0.7 of a mm. The parasite at the

same time becomes more active. The eggs are oval and surrounded

by a clear yellow shell, within which can be seen the segmenting

embryo. Their dimensions are about 35 by 70 mi era.

Filaria medinensis.—The male parasite of this species is not

known; the female alone has been observed. The worm may
measure 50 to 100 cm. in length and 2 to 3 mm. in diameter. The
body is cyHndrical and smooth, and the tip of the tail forms a

blunt hook, which may possibly act as an anchor to retain the

worm in the tissues. The head is rounded, the mouth triangular,

very small, and surrounded by six papillae. In the adult worm, the

uterus fills nearly the entire body of the parasite. If the fresh

worm is squeezed, a milky fluid is extruded, which when examined

under the microscope is seen to contain an enormous number of

small filarise, pointed at one extremity and rounded at the other.

These embryos measure 500 to 750 micra in length and 25 to 50

micra in breadth.

The embryos live in muddy water or moist earth for a number

B, rhabditiform

(Braun.)

larva: C, fila-
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of weeks. The intermediate host for the development of the

parasite is a small water animal of the genus Cyclops. Whether
the infection in the human subject arises from direct entrance of

Fig, 105.

—

Filaria Medinensis. Adult female and filariform embryos.
The embryos are more highly magnified than the adult parasite.

the skin by the parasite or from drinking water containing the

Cyclops, is not as yet decided.

The adult worm inhabits the subcutaneous tissue, usually in

some part of the lower extremities. An ulcer soon forms about

the spot where the parasite enters and the head of the worm can

be seen protruding from the hole. By pouring a little water

on the ulcer, the worm may be made to discharge some of the

embryos contained in the uterus.

The guinea-worm is found in India, Persia, Arabia, and espe-

cially in tropical Africa, and some cases have

been seen in some parts of Brazil.

The specimen from which the plate (Fig.

105) was drawn was obtained from a negro who
had lived on the west coast of Africa.

Trichocephalus trichiurus (7". dispar).—This is

a small worm, the male of which measures about

40 to 45 mm. in length, the female about 45 to

50 mm. The posterior half of the body tapers

into a long fine filament. The eggs are oval,

and measure 50 to 54 micra long and 23 micra

in diameter. They differ sharply from the eggs

of the other nematode worms, as on each pole of

the egg there is a small projection, which is Hghter in color than

the rest of the rather dark brown shell. No embryo is visible, only

a moderate amount of finely granular yolk. The eggs are very

resistant to the action of cold or drying, and the infection of the

B

Fig. 106.—Tricho-
cephalus Trich-

lURUs. A, fe-

male ; B, male

parasite. Natural

size.
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human host takes place through food, which has been contami-

nated by the egg, the worms reaching full development about one

month after the eggs are swallowed. The mature parasites inhabit

the caecum and the appendix, usually in small numbers, and do

not, as a rule, cause any symptoms, although it has been shown i

that they live upon blood extracted from the intestinal mucous
membrane. Occasionally, however, mental symptoms have been

produced by the presence of a large number of these parasites.

According to Girard,^ the Trichocephalus

may give rise to lesions of the appendix by

penetrating the mucosa with the head. In-

fection of the mucosal wound by bacteria

may then set up acute inflammation. The

Trichocephalus is one of the most widely

spread and frequently met with intestinal

parasites. In Southern Italy nearly 100

per cent, of the population carry these

worms. They are abundant throughout

Europe, and are met with in England and

Ireland among the lower class of the pop-

ulation, and are frequently found in the

miners of the coal districts of the United

States. They are also seen in the West In-

dies, the Philippines, and in Southern Asia.

The eggs are usually not very abun-

dant in the faeces and the parasites are but rarely seen, as it is

exceedingly difficult to expel them by vermifuges.

Trichina spiralis (Trichinella spiralis).—The adult worms of

this parasite inhabit the small intestine of man and of a variety of

domestic animals ; among the latter are the rat and pig, which

together with man are especially susceptible to the infection.

The other animals are less likely to act as hosts.

The male worm is from 1.4 to 1.6 mm. long and 0.04 of a mm.
thick. The female is 3 to 4 mm. long and 0.06 of a mm. thick.

The rat most often acts as host for the parasite. It is prob-

able that the hog, which is the regular source of infection for man,

obtains that infection from the flesh of the rat, as it has been

Fig. 107.— Egg of
Trichocephalus
Trichiurus.

* Askanazy : Deut. Arch. f. klin. Med., Bd. Ixxxvii, 1896, p. 104.

2 Ann. de Tlnstitut Pasteur, 1901, tome xvi, p. 440.
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shown that a large proportion of rats carry the Trichina. In

America from 2 to 16 per cent, of hogs are infected by the Trichina,

varying in different localities.

When the meat of an infected animal is consumed, the en-

cysted embryos of the Trichina are set free in the intestine by the

digestive juices and develop to sexual maturity in the duodenum
and jejunum. The female, after fecundation,

enters the mucous membrane of the intestine,

and either remains in the lymph spaces in this

situation or enters the lymph nodes or spaces in

the mesentery.

The embryos are given off in large numbers,

Leuckart having estimated that each worm fur-

nishes at least fifteen hundred. These embryos

measure about 100 micra in length and 6 micra

in diameter. They remain of this size until they

reach their final position in the muscles of the

host. The transfer of the parasites may take

place through the lymph channels or the blood

stream, and the small embryos enter the muscles

of the body through the walls of the small capil-

laries. The embryo
finally enters a muscle

fiber, chiefly those near

the tendinous insertion.

This infection of the

muscles gives rise to

acute symptoms with

fever and pain in the in-

fected muscles, while very often the infec-

tion is accompanied by severe diarrhoea,

which may possibly be explained by the

injury to the intestinal muscles by the in-

vasion of the small embryos. Small areas

of oedema are frequently met with, the

most valuable from the diagnostic point

of view being an oedema of the eyelids.

Two or three weeks after the parasite has entered the muscle it

can be seen coiled up and surrounded by degenerated and thickened

sarcolemma. In six to nine months the capsule has begun to

^IG

B
108.—Tri-

china Spira-

lis. A, Adult

male worm ; B,

adult female

worm. Magni-

fied 25 diame-

ters.

Fig. 109.

—

Trichina Spira-

lis Encysted in Muscle.
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calcify, and later the parasite itself becomes infiltrated with lime

salts. The parasites are apt

to be abundant in the del-

toid muscle near its inser-

tion, and in the lower por-

tion of the biceps near the

tendon. From these situa-

tions, small fragments of

muscle may be excised and

examined with a medium
power lens after crushing

between two slides.

Occasionally parasites

may not be present in suffi-

ciently large numbers to be

demonstrated in specimens

of muscle which can be ex-

cised without injury to the

patient, in which case the

clinical symptoms—espe-

cially the oedema of the

eyelids and the marked

eosinophilia which is pres-

ent in a large proportion of

cases of trichinosis—will

complete the diagnosis.

The parasites may confine

themselves largely to inac-

cessible muscles, such as

those of the larynx and the

diaphragm. It is only

rarely possible to find the

embryos or adult worms in

the stools.

Eustrongylus gigas.—
The male of this worm is

about 40 cm. long and 4

to 6 mm. in diameter. The

posterior extremity is pro-

vided with a broad bursa, surrounded by papillae from the

Fig. 110.

—

Uncinaria Duodenale. A, fe-

male ; B, male ; C, male and female of

natural size ; D, vulva.
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middle of which projects a spiculum 5 to 6 mm. in length. Speci-

mens of the female have been noted of 100 cm. in length and 12

mm. in diameter.

They are both smooth, round worms, of a blood red color. The
eggs are oval, measuring 40 by 64 micra. The shell is covered

with small depressions, except at the two poles.

This parasite lives in the pelvis of the kidney. Some twelve

authentic cases of human infection have been reported.

Uncinaria duodenale (Anchylostoma duodenale).—The male

of this parasite measures from 8 to 10 mm. long and 0.4 to 0.5

mm. wide, and the female, 12 to 18 mm. long. The eggs are

elliptical, with a smooth contour and transparent shell. They
measure 55 to 65 micra in length and 32 to 45 micra in width.

They are exceedingly abundant in the stools of persons carrying

these worms and usually show evidences of segmentation. The
eight cell stage is not usually passed unless the eggs have been

exposed to the air, when they go on to develop into the worm in

a short time if the faeces are kept warm and fluid.

The body of the parasite is cylindrical, tapering toward the

anterior extremity. The mouth cavity is provided with two pairs

of hook-shaped ventral teeth

and one pair of dorsal teeth

directed forward. In the bot-

tom of the mouth there is a

single dorsal conical tooth,

which does not project promi-

nently. A pair of long thin

spiculse extend from the sex-

ual bursa of the male parasite.

In the female the posterior

end of the body is provided

with a small pointed projec-

tion. The vulva is situated

somewhat in front of the pos-

terior third of the body.

Uncinaria Americana.—
Stiles ^ has shown that the

specimens of Uncinaria obtained from the United States and

Fig. 111.

—

Eggs of Uncinaria Ameri-
cana IN Various Stages of Devel-
opment.

^ American Medicine, vol. iii, 1902, p. 777.
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the West Indies, show morphological differences which warrant

their separation into a distinct species. The differences are as

follow

:

The ventral recurved hook-like teeth are absent from the

mouth, their places being taken by a pair of semilunar plates.

The dorsal conical tooth projects prominently

into the buccal cavity. In the male the

dorsal ray of the caudal bursa divides to its

base, each branch being again split at its

tip. In the female, the vulva is in the an-

terior half of the body, but near the equator.

The eggs are slightly larger than the Euro-

pean form, measuring 64 to 72 micra by 36

to 40. In some cases they are partially seg-

mented, in others they may contain a fully

developed embryo, while still in the intestinal

tract.i

Neither species of worm requires an inter-

mediate host for the development of the para-

site. The eggs mature in moist earth or in

water, and infection of the human host takes

place either by drinking the water or, as in

the case of tunnel-workers and brick-makers,

by direct conveyance of the eggs from the

hands to the food and then to the mouth.

The European form of parasite is abun-

dantly found in Egypt, in Switzerland, where

it infected the laborers on the Saint Gothard

tunnel, in the lower Rhine district, where it

infects the brick-makers, and in the mining

districts of England and Wales. In Italy in-

fection by this worm is very widely spread,

variety has been observed in the Philippines .^

In America cases have been reported from a number of the

Southern States, and occasionally from the miners in the anthracite

coal district of Pennsylvania, while a large proportion of the popu-

* An excellent article on the subject of uncinariasis in the United States,

by Smith, may be found in the American Jour. Med. Sciences, vol. exxvi,

1903, p. 768.

^ Craig : American Jour, of Med. Sciences, vol. cxxvi, 1903, p. 798.

Fig. 112.

—

Ascaris

lumbricoides. a,

female ; B, head;

C, male.

The European
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lation of the West India Islands is infected by the American species

of the worm. Occasionally, however, in the United States, the

European worm is found, having been imported in the intestinal

tract of the immigrant suffering from the infection.

The diagnosis of the infection can easily be made by examining

the stools for eggs, which are usually present in enormous numbers.

The importance of the study of the parasite is that these worms

may produce a fatal ansemia, due possibly both to the blood re-

moved from the mucous membrane of the intestine and to the

poison excreted by the body of the worm. If a diagnosis, however,

is made in time, suitable remedies will remove the parasite and

very frequently cure the patient.

Ascaris lumbricoides.—The male worm measures from 15 to

25 cm. in length and about 3 mm. in diameter. The posterior

end is conical and curved ventrally in the form of a hook. The

spiculum is 2 mm. long, curved, and somewhat spread out on its

free end, while the cloacal opening is surrounded by seventy to

seventy-five papillae. The testicular tube is highly convoluted

and can be seen through the transparent envelope of the parasite.

The female is 20 to 40 cm. long and about 5 mm. thick. The

posterior end is conical and straight. The vulva is at the junction

of the anterior and middle third of the body. The paired uteri

pass directly back to the posterior end of the worm. The con-

voluted ovaries are about 250 cm. long. The worms when freshly

passed are a dirty yellow or brown color.

The eggs are elliptical, with a thick transparent shell usually

covered with a granular albuminous coat. They measure 50 to 70

micra in length and 40 to 50 in breadth.

They are deposited before segmentation takes

place. The albuminous shell is frequently col-

ored yellow by the pigment of the faeces. This

shell is easily dragged off the egg by a slight

pressure of the cover glass. The egg when
passed in the faeces is still immature and shows

no embryo, but only the yellow, granular yolk.
Fig. 1 13.—Egg rpj^^ which still retain their gelatinous enve-

Lumbricoides. lopes are capable of resisting the action of the

gastric juice and passing on to the intestine un-

harmed, where they may develop into mature worms ; but the

eggs which have lost their envelopes are destroyed by digestion.
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The usual method of infection is for the eggs to develop in

water until the embryo reaches a certain period of development,

and then be taken into the body with the drinking water or the

food. The worms inhabit the small intestine, but frequently crawl

out of the anus or into the stomach, from which they may be

vomited. Occasionally these round worms may cause a fatal

obstruction to the glottis by crawhng out of the oesophagus while

the patient is asleep and entering the larynx. The worms may
also cause jaundice by obstructing the

common duct. They are frequently

found in people of all ages.

Oxyuris vermicularis.—^The thread-

worm is one of the most common of the

parasites of the nematode group.

The male is about 4 mm. long, with

a blunt tail, while the female measures

10 mm. and the tail tapers to a point.

The worms inhabit the ileum, the caput

coli, and the colon, while the mature

females frequently wander out of the

anus at night. They may also be found

in the vagina, bladder, and nasal cavi-

ties.

The eggs are oval and measure 20 to

50 micra, and the embryos can often be

distinguished in them. The eggs are

passed in the faeces and transferred to

the mouth by the food or the fingers.

When they reach the stomach, the chiti-

nous envelope is dissolved by the gastric

juice and the embryo is set free to de-

velop in the intestines. No intermediate

host is required. Fourteen days after

swallowing the eggs the worms may be

found in a mature condition in the

faeces. The primary infection is through

the food or direct contact with an in-

fected person. The worms are seen

chiefly in young children, though they may be found in old

persons.

Fig. 114.

—

Oxyuris Vermic-
ularis. A J

female ; B,

immature female; C, male.
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VII. ARACHNOIDEA
Sarcoptes scabiei.—This minute parasite is the inciting agent of

the itch. It is usually found in those portions of the body where

W (1 /,

Fig. 115.—Male and Female of Sakcoptes Scabiei. (Braun.)

the skin is thin, especially between the fingers and in the folds of

the elbow and knee-joint. The tunnels made by the insect may
vary from a few millimeters to several

centimeters in length, and at the

closed end the female parasite may be

found. The tunnel contains eggs and
small fffical masses. The male is very

seldom found.

Infection may occur through con-

tamination from clothing, but it is

usually by direct contact. In order

to demonstrate the parasite the tunnel

should be opened with a needle and
the female squeezed out on a slide,

covered with a cover glass, and exam-
ined (Fig. 115).

A number of varieties of sarcoptes

exist which may become parasites on
man, but usually inhabit the domestic animals. They vary
slightly in their size and form from the human itch insect.

Fig. 116. -Pediculus Capitis

AND Egg.
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Fig. 117.—Pediculus Pubis.

VIIL INSECTA

Pediculus capitis ( Head louse).—The male is 1 to 1.5 mm. long,

the female 1.8 to 2 mm. The color is a light gray or black. The
eggs are about 0.6 of a mm.
in length and are attached

by the female to the hair,

where they form the small

whitish oval masses known as

nits. (Fig. 116.) The pedic-

ulus capitis is usually con-

fined to the hair of the head,

but occasionally is found in

other portions of the body.

Pediculus vestimenti {Body

louse)

.

—The parasite measures

from 2 to 4 mm. in length

and is pale gray in color. The abdomen is wider

than the thorax. The antennse are longer than

those in the head louse. The eggs are 0.7 to 0.9

mm. in length and are often deposited on

clothes.

Pediculus pubis (Crab louse).—The male meas-

ures from 0.8 to 1 mm. long, the female about 1.1

mm. The flattened body is of a grayish color.

The eggs are about 0.8 to 0.9 of a mm. in length

and 0.4 to 0.5 of a mm. in breadth. They are de-

posited on the hairs of the pubis. This parasite is

very rarely found on the scalp.

Intestinal M3dasis.—The ova of the common
house fly are not infrequently found in specimens of

faeces, either as a result of contamination after pass-

ing or from the eating of imperfectly cooked food

which has been infected by the ova of the fly. The

phenomenon is unimportant from a clinical point

of view, as no symptoms are caused, the specimens being chiefly

derived from neurasthenic patients who have examined their

own stools.

Fig. 118.—
Larva of
House Fly
(M u s c a

vomitoria).
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Fig. 119.—T.
TOTHRIX

Megalosporon Ec-

(Crocker.)

IX. PARASITIC DISEASES OF THE SKIN

The following parasitic diseases of the skin are due to the

hyphomycetic or fungus group, and occasionally microscopical

examination offers points of diagnostic value.

Favus.—The disease is due to the invasion of the epidermis

of the hair follicles, usually of the scalp, by the mycelium and

spores of the fungus Achorion

Schonleinii. The spores gain

access to the deeper layers of

the skin by means of the hair

follicles and develop around the

hair shaft, forming a cup-

shaped mass of a sulphur yel-

low color. The hair bulb and

root sheaths are infiltrated with

the fungus, which may grow to

considerable length without

septa or break up into com-

paratively small fragments.

The mycelium branches at right

angles. The mature spores measure 3 to 10 micra in diameter.

The best way to demonstrate the parasite

is to soften one of the fragments of the crust

with a few drops of 10 per cent, caustic

potash or soda. The preparation is covered

and examined with a high-power lens. It is

not always possible to make a positive diag-

nosis of favus by the microscope, as the fungus

may resemble to a certain extent that of ring-

worm, so that recourse to cultures may be

necessary.

Tinea tonsurans (Ringworm of the scalp).—
The fungus of this disease may be divided into

two main groups. Trichophyton microsporon

and Trichophyton megalosporon.

Trichophyton microsporon (Microsporon

Audouini).—This parasite occurs throughout

the hair as a long jointed mycelium, from

which branches pass out into the surface, where ectospores are

Fig. 120.—Micro-
sporon Audouini,

Showing Layer
OF Ectospores.
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formed. The surface of the hair may be covered by a closely

packed mass of ectospores from 2 to 3 micra in diam.eter, which are

not as a rule arranged in a straight line.

Trichophyton megalosporon endothrix.—This parasite usually

invades the hair of the scalp. The mycelium in the endothrix oc-

cupies the center of the hair shaft, commencing at the root and run-

ning throughout the whole length. It branches from time to time

and seldom breaks through to the outer surface of the hair. Spores

are abundantly formed and lie in long lines.

Trichophyton megalosporon ectothrix.—This parasite usually

involves the hairs of the beard, in-

ducing the lesion known as tinea

sycosis. It reaches the human sub-

ject directly or indirectly from the

horse, cat, dog, or other domestic

animals. The fungus is usually

limited to the intrafollicular region

of the hair and forms a sheath be-

tween the hair and the foUicle.

Nearly all of the mass may be found

attached to the hair when it is drawn

out. The spore is in chains, but is less

regularly formed than in the endo-

thrix. It measures 3 to 8 micra in

breadth and 4 to 12 micra in length.

Tinea circinata {Ringworm of the body).—This lesion may be

caused either by the micro- or megalo-

sporon.

Tinea versicolor.—The fungus which

produces this disease is known as the

Microsporon furfur. The diagnosis can

be made by scraping off a small amount
of fungus from the yellowish-brown

patches and examining in a dilute solu-

tion of caustic potash. The mycelia are

not usually branched or jointed, but he

in a close feltwork. When fully devel-

oped they show the conidia at their ex-

tremities. The conidia are as a rule

larger than those of the ringworm, being just a trifle under the

Fig. 121.

—

Trichophyton Me-
galosporon Endothrix.

Fig. 122.

—

Microsporon
Furfur.
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diameter of a red blood corpuscle and have a large nucleus.

They are usually collected in rounded or grape-like masses. The
parasite does not enter the deeper portions of the skin, but

remains confined to the cornified layers of the epithelium.

Oiditun albicans.—This organism is the inciting agent of a

condition known as thrush or soor. It is not infrequently seen

on the mucous membrane of the buccal cavity and tongue of

marantic children. The fungus forms a whitish or yellowish

membrane which can be pulled off the mucous surface without

much difficulty. When examined microscopically the membrane
is found to consist of epithelial cells, leucocytes, and detritus

lying in the meshes of a branching fungus. The mycelial threads

are segmented and show spore-like areas at each end. The co-

nidia (spores) form irregular scattered masses throughout the mesh-

work. The fungus may penetrate between the epithelial layers

of the mucous membrane of the mouth and give rise to consider-

able inflammation, as is shown by a red hypersemic border about

the area to which the parasite is attached. The fungus is also

found on the mucous membrane of the nose, in the sputum, and

attached to the esophagus and inner surface of the stomach, and

also to the vaginal mucosa. Quite rarely it invades the body

and gives rise to general infection causing localized abscesses in

the body. For instance, Heubner ^ describes a case in a young

child, the course of the disease resembling somewhat a diphthe-

ritic infection. The tonsils were covered with a yellow, dry,

membrane containing spores and mycelial threads. The tracheal

lymph nodes were invaded by the fungus, as well as the kidneys

and lungs.

Oidiomycosis cutis (Blastomycosis).—This disease begins as a

nodular eruption on the skin, which becomes pustular and breaks

down into an ulcer. The discharge from the ulcer or scrapings

from the surface, when examined in dilute potassium hydrate solu-

tion, show double contoured organisms, often budding. They

measure from 12 to 14 micra in diameter. Smaller forms, measur-

ing about 4 micra, are also found. Chains containing four to six

segments are occasionally observed.^

1 Deut. med. Woch., 1903, p. 281. See also v. Hibler : Cent. f. Bakt. Origin,

Bd. xxxvi, 1904, p. 505.

^ For further details see a very complete paper by Ricketts : Journal of Medi-

cal Research, N. S., vol. i, 1901, p. 374.



PAKT V

OEAL AND NASAL SEOEETIONS

I. SALIVA

The saliva is a mixed secretion derived from a number of

glands, the submaxillary, sublingual, and the mucous glands of the

mouth. It may vary, therefore, in composition, depending upon

the relative amounts of fluids of various physical and chemical

qualities secreted by each gland.

The macroscopical examination of the saliva affords no infor-

mation of clinical importance.

Microscopical Examination of Saliva.—The saliva contains a

variable number of cells, chiefly those derived from, the epithelium

of the mouth. These cells are large and flat, with a small nucleus.

Slightly smaller cells, with relatively larger nuclei and granular cell

bodies, are known as salivary corpuscles. Red and white blood

cells in small numbers may be occasionally seen. The salivary

secretion also contains a large number of bacteria, yeasts and

molds.

The most important of the first group, from a morphological

point of view, is the Bacillus maximus buccalis, or Leptothrix buc-

calis, which is arranged in long strands and is characterized by
turning blue when treated with iodine solution. An actively

motile spirillar form of bacillus, the Spirochsete buccalis, is espe-

cially abundant in the tartar from the teeth and the coating of the

tongue. These spirilla are so actively motile that it has been sug-

gested that they belong to the group of trypanosomata.

A large number of other bacteria are also present in the saliva,

the most important of which are the staphylococcus pyogenes

aureus and the pneumococcus. The streptococcus pyogenes is also

occasionally met with, and the diphtheria bacillus may be found in

persons who have been in contact with cases of diphtheria, but who
have not the disease. The smegma and timothy bacillus may also

be found in the mouth.
26 377
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In children the thrush fungus, oidium albicans, is not infre-

quently met with, forming white patches on the inner surface of

the mouth and on the pharynx and tonsils. For a further con-

sideration of this and other pathogenic bacteria, see section on

Exudates.

Amoebae are occasionally found in the saliva. They are most

often derived from the material contained in carious teeth ^ or in

the pus from osteomyelitis of the inferior maxilla. They measure

6 to 32 micra, and do not resemble the Entamoeba coli, but father

E. histolytica. (See p. 339.)

Chemical Examination of the Saliva.—The reaction is usually

considered faintly alkaline, from the blue color produced by the

action of the saliva on litmus paper, but it is frequently neutral

or even faintly acid. It is not alkaline to phenolphthalein. Under

pathological conditions the saliva may have a marked acid reac-

tion, especially in connection with febrile and digestive disturb-

ances and diabetes.

The specific gravity of the saHva varies from 1.002 to 1.006.

The amount is not accurately known, but is assumed to be

from 1 to 2 Hters in twenty-four hours.

The saliva contains sodium and potassium chloride, calcium

carbonate, traces of phosphates, and very small amounts of potas-

sium sulphocyanide and nitrite. Mucus, traces of albumin, and

a diastase, ptyalin, are also present.

The presence of sulphocyanide can be demonstrated by adding

to the saliva to be tested a small quantity of hydrochloric acid and

then a very dilute solution of ferric chloride, and warming gently if

necessary. An orange or reddish color shows the presence of the

sulphocyanide. If the mixture is shaken up with ether, the color

is transferred to the ether and the saliva is decolorized.

For the identification of the nitrites we may use a thin starch

paste containing potassium iodide and faintly acidulated with sul-

phuric acid. If the nitrites are present in the saHva the iodine

will be set free when the former is mixed with the reagent, and the

starch will assume a blue color.

The ptyalin may be determined by allowing the saliva to act

on a small amount of thin starch paste. After a few seconds the

^ Prowazek : Entamoeba buccalis, Arbeiten a. d. Kais. Gesundheitsamte,

1904, Bd. xxi, p. 42. Flexner : Johns Hopkins Hosp. Bull., 1892, vol. iii,

p. 104.
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presence of a considerable quantity of sugar can be made out in

the fluid by the use of FehHng's solution. This sugar is maltose,

the chief product of digestion by ptyalin. A trace of dextrin is

also formed.

In splitting up the starch a series of substances are produced,

the first being amylodextrin, which takes a blue color when treated

with iodine. The next stage is erythrodextrin, which assumes a

violet or mahogany-brown color when mixed with Gram's solution.

The third is achroo dextrin, which is not colored with iodine solu-

tion. The final stage is maltose. The process takes place in

fluid of faintly alkaline, neutral, or faintly acid reaction.

II. NASAL SECRETION

The amount of nasal secretion normally produced is very slight,

being just sufficient to moisten the surface of the mucous mem-
branes of the nasal passages. An increase in the secretion is pro-

duced by chemical irritation, or by chilling of the body surface, or

by bacterial infections.

In order to obtain suitable specimens of nasal secretion it is bet-

ter not to use that which may be obtained by blowing the nose on

a cloth. A speculum should be inserted in the anterior nares and

small quantities of the material removed by means of a sterile

platinum loop or a swab of sterile cotton.

In acute coryza the alkahne secretion contains a large number
of flat epithehal cells, and also cylindrical, ciliated epithehum, leu-

cocytes, and bacteria. When chronic, a large amount of mucus is

also present, containing large numbers of pus cells.

The pathogenic organisms which occur in the nose are chiefly

the tubercle, lepra, and glanders bacilli. The diphtheria bacillus

is also frequently found in the nose, inciting a membranous in-

flammation, which may also extend to the pharynx. The me-

ningococcus intracellularis has also been found. A capsulated

diplococcus has been described as quite constantly present in

ozsena.i Ascarides and flagellata have rarely been seen. Charcot-

Leyden crystals are occasionally found in the nasal secretion after

an attack of bronchial asthma, and in chronic inflammation of the

mucous membrane with formation of polypoid growths.

1 Abel: Zeit. f. Hygiene, 1895, Bd. xxvii, p. 89.
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Nasal concretions are usually composed largely of vegetable

fibers introduced by inhalation, cemented b}^ inspissated mucus,

and hardened by deposition of lime salts. They rarely reach a

large size.

Cerebrospinal fluid occasionally is discharged through the nose

in cases of fracture of the base of the skull. Its recognition is a

matter of some difficulty, but if a fluid is obtained which contains

either no albumin or only traces, and also a reducing substance, it

is probably of cerebrospinal origin.



PART VI

THE SPUTUM
I. GENERAL CONSIDERATIONS

By sputum is understood the secretion derived from the bronchi

and alveoli of the lung, and not any other secretion from the naso-

pharynx. Inasmuch as the exudate from the bronchial mucosa

differs greatly from that derived from the alveolar surface, so the

sputum from the lung tissue and from the bronchi varies in its con-

sistence and other physical properties.

As a preliminary to the examination of the sputum, care should

be taken in the avoidance of error by first instructing the patient

to cleanse the mouth, in order not to contaminate the sputum with

particles of food ; and, secondly, in order to obviate the presence

of nasal and salivary secretions, to see that the patient furnishes

for examination only the fluid which comes on deep coughing, and

to avoid carefully having any quantity of saliva in the mouth at

the time the sputum is brought up. Care should be taken also to

have the bottle, or, what is better, the small paper cups for the

collection of sputum, perfectly clean, so that no admixture of

foreign substances may render the diagnosis more difficult.

Oral, nasal, and pharyngeal secretions can usually be recog-

nized by their large content of mucus and by the presence of

large, flat, pavement epithelial cells from the mucous membrane of

the mouth or pharynx.

II. MACROSCOPICAL EXAMINATION
The Amount.—The quantity of sputum expectorated in twenty-

four hours varies greatly. It may be only a few cubic centimeters

or may reach as high as 1,000 c.c, or even more. Very large quan-

tities are seen in cases of oedema and abscess or gangrene of the

lungs, and in acute bronchitis with bronchiectatic cavities. Cases

of phthisis with large cavities often produce large quantities of

381
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sputum, while after the perforation of an empyema into the respira-

tory tract, it is not uncommon to see one, or even two, liters of pus

brought up from the pleural cavity through the bronchi. Occasion-

ally also large quantities are seen in a purely bronchial affection,

as the so-called bronchorrhoea, or after removing large quantities

of fluid from the pleural cavity.

The Consistence.—The consistence of the sputum varies greatly.

In bronchial asthma, in acute catarrhal conditions, and also in

pneumonia, the sputum is very thick and tenacious, and the cup

holding it can often be inverted without spilling any of the con-

tents. On the other hand, in oedema- of the lungs the sputum is

quite fluid and resembles blood serum. In abscesses of the lungs,

in gangrene, or in abundant sputum from a large cavity in cases

of phthisis, the sputum may be quite fluid and separate on

standing into an upper layer of clear serum and a lower layer

of pus.

The Color.—The sputum is either perfectly colorless and trans-

parent, or a pale yellow or greenish color in uncompHcated cases of

bronchitis. In pulmonary oedema it is quite transparent, with a

faint pink shade from the dissolved haemoglobin. In bronchial

asthma and in pneumonia, the sputum may be Hke the white of an

egg. In other cases the sputum is more opaque, due usually to the

large number of leucocytes.

A red color is due to the presence of blood. It is usually bright

red when the blood is derived from a rupture of a small vessel, and

the brightness of the color is dependent largely upon the time the

sputum has remained in the lung. In pulmonary gangrene a dirty

brownish red is often seen, due to the presence of methsemoglobin

or hajmatin. Dark brown sputum may be colored by bilirubin or

may be due to blood, as in the prune-juice sputum of severe lobar

pneumonia.

Bright green sputa are noticed where bile pigment has been

mixed with the sputum, due to the perforation of a liver abscess

into the lung. Green sputa may also be noticed in connection with

a pneumonia, in which resolution has taken place slowly and the

blood pigment has been altered into ha^matoidin, or, what is pre-

sumably the same thing, bilirubin. The bilirubin is then changed

by oxidation into biliverdin.

Blackish sputum may be noticed in coal handlers or persons liv-

ing in a smoky atmosphere. The sputum which is derived from
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the perforation of an amoebic liver abscess into the lung shows a

color resembling anchovy sauce.

The Odor.—Most sputa are practically odorless. Under certain

conditions, however, the odor may be horribly offensive, especially

in cases of gangrene of the lung or large bronchiectatic cavities.

Sputa may be classified in general as serous, mucous, muco-

purulent, and bloody. As a rule, a pure sputum of a single variety

is rare, most specimens containing varying amounts of mucus, and

pus, and often traces of blood.

For the proper m.acroscopic examination of the sputum it is best

to pour the specimen out in a shallow dish and place the dish on a

black background. A large-sized Petri dish, as used by bacteri-

ologists, is very convenient.

It is important to recognize the small cheesy particles which are

brought up in the sputum of a case of phthisis, for these small

masses contain large numbers of bacilli when the rest of the sputum

may be fairly free from them. It is often difficult, however, to

distinguish these cheesy masses from small, partially digested food

particles, so that in cases of doubt it will save time if the mass is

touched with a drop

of Gram's solution, WKM -^^i^afc: I

which will turn the

particle of bread a blue

color, bread forming

the most deceptive of

these small masses.

Fibrinous Casts.—
Complete casts of the

bronchi are occasion-

ally seen in fibrinous

bronchitis, in pneu-

monia during the pro-

cess of consolidation

of the lung, and in

diphtheria. They are

often composed of a

large number of branches and may be 5 to 15 cm. long,

page 404 and Fig. 127.)

Curschmann's Spirals.—These are long, clear threads, which are

just visible to the naked eye, and under the microscope can be

Fig. 123. -CVU>( 1 I.MAN.\'s Sl'lUAL, SHOWING
Central Thread.

(See
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seen as mucous threads of a spiral form, usually wound about a

clear central strand. Many eosinophile cells and Charcot-Leyden

crystals may be present in the mucus. The crystals may be found

when the spiral is coughed up, or they may form only after the

specimen has been kept for twenty-four hours or more. The
spirals are most frequently found in bronchial asthma.

^

Small fragments of lung tissue and cartilaginous rings from the

smaller bronchi are seen occasionally in gangrene of the lung. They

are usually dark in color, and on microscopical examination show

no structure except the elastic tissue network of the lung substance

or the clear transparent substance of the cartilage.

Echinococcus Cysts.—Fragments of the walls of echinococcus

cysts or their contents have been coughed up in the sputum on rare

occasions. The presence of the scolices and the hooks furnishes

an absolutely pathognomonic evidence of the nature of the cyst as

does the laminated membrane (see Figs. 101 and 102). Some of

the nematode worms or their ova are occasionally found in the

sputum.

Concretions and foreign bodies are occasionally coughed up in

the sputum.2 The former are usually derived from the calcareous

deposits seen in old tuberculous nodules either in the lung or in

the bronchial lymph nodes.

III. MICROSCOPICAL EXAMINATION
Leucocytes, chiefly of the neutrophile variety, are found in

every sputum, but in bronchial asthma the eosinophile forms are

likely to be abundant, and occasionally basophile cells may be

present. Free eosinophile granules may be found in large num-
bers. The leucocytes may contain particles of carbon, fat, or

hsematoidin, showing that they act as phagocytes.

Red blood corpuscles are to be found in almost every sputum,

especially in persons having a chronic pharyngitis from any cause

and who cough violently in bringing up the sputum. Small quan-

tities of blood may be derived from the trachea or the bronchial

mucous membrane in the process of coughing, and are without

clinical significance.' Larger amounts of blood, such as would be

^ Curschmann: Deut. Arch. f. klin. Med., 1883, Bd. xxxii, p. 1; also Bd.

xxxiv, p. 578.

2 Atlee : Bronchial Concretions, Amer. Jour. Med. Sci., 1901, vol. cxxii, p. 49.



MICROSCOPICAL EXAMINATION 385

visible to the naked eye, may be derived from the same sources,

but it is always well to consider them as due to pulmonary tuber-

culosis until physical and other examinations negative this sup-

position. A great many persons suffering with early tuberculosis

are allowed to drift on without careful examination of the sputum

or the chest until the disease has so advanced that climatic treat-

ment is useless, simply because the physician assumes that small

amounts of blood in a bronchitic sputum are due to a chronic

smoker's pharyngitis.

The blood corpuscles may be present in the sputum in a well-

preserved form, or the haemoglobin may be dissolved out and

altered into the various decomposition products of that substance,

hsematoidin being evident if the sputum be of a yellow or a bright

green color. Large amounts of blood are easily recognized and are

indicative of advanced changes in the lung, such as gangrene,

abscess, phthisis, heart disease, pneumonia, or oedema. Traces

of blood may be demonstrated in the sputum by the tests of

Donogany and Weber (see pages 329 and 570).

Epithelial Cells.—These cells are often present in the sputum

and are of various types. Tall cylindrical cells, especially if cili-

ated, are derived from the larynx, trachea or bronchi. Large flat

cells are derived from the alveolar epitheUum and frequently show

fatty degeneration or what is known as myelin degeneration.

The latter is evidenced by the cells containing large amounts of

a clear, highly refractile substance, which may show fine concen-

tric striations. The cell may be invisible and only the myelin

appear as a large, irregular mass. The large flat epithelial cells

also contain, especially in chronic heart disease, a pigment de-

rived from the blood which is known as hsemosiderin. This

pigment gives an iron reaction when treated with a dilute solu-

tion of potassium ferrocyanide and hydrochloric acid. At times

this iron reaction is not given and the substance appears to be

hsematoidin.

Elastic Tissue.—Elastic fibers are found in the sputum when
there is rapid destruction of the lung tissue. This breaking down
of the lung occurs most commonly in pulmonary tuberculosis, but

the elastic fibers are also found in abscess of the lung and in gan-

grene. In some cases of gangrene only a few or no fibers may be

found, and it is supposed that the ferments, which are present in

the gangrenous tissues, digest the elastic tissue. The detection of
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this elastic tissue is a matter of considerable diagnostic value,

especially in the early stages of pulmonary tuberculosis. If abun-

dant, it can easily be demonstrated in the sputum by pressing a

small amount of the latter substance out between two glass plates

and examining with a low power for the fibers. They show an

alveolar structure exactly as they are arranged about the alveoli

in the lung substance. The fibers are especially abundant in the

small cheesy particles described on page 390, but if one of these

can not be found, a small portion of the thicker, purulent part of

the sputum should be examined.

If the fibers can not be found in this way, a portion of the thick

part of the sputum should be boiled with about an equal amount

of 10 per cent. NaOH until the mixture becomes soft and fluid.

The softened mixture is then allowed to stand for twenty-four

hours and the sediment examined microscopically. The elastic

fibers have a high power of resistance to the action of strong

acids or alkalies, and while the other constituents of the sputum

are completely destroyed by the alkali, the elastic fibers remain

and can be easily picked out from the debris in the sediment.

The fibers may be stained by orcein i after washing the sedi-

ment with a little distilled water to get rid of an excess of alkali.

A few c.c. of the dye are mixed with the deposit, adding a few drops

of hydrochloric acid if the color turns violet. The tube is then

warmed in boiling water for five minutes and the contents decolor-

ized by acid alcohol. (Strong HCl, 5 c.c. ; 80 per cent, alcohol,

1,000 c.c.) Care must be taken not to have elastic fibers intro-

duced into the sputum from the food, as these fibers have exactly

the same characteristics, except that they are not arranged in the

alveolar form, since lung tissue does not ordinarily occur in food.

A convenient method when the fibers are fairly abundant is to

stain a smear of sputum with Weigert's elastic tissue stain.^ A
very thick smear of the suspected sputum is made on a slide and

allowed to dry in the air. The slide is then placed in a CopHn jar

filled with the dye, the alcohol of which fixes the specimen. The
slide should remain in the dye for about half an hour. It is then

removed and decolorized for a few seconds in 3 per cent, hydro-

chloric acid in alcohol until the color is almost entirely removed.

The slide is then dried and a thin layer of cedar oil smeared over it

^ See Appendix. 2 ggg Appendix.
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with a brush in order to render the preparation transparent. When
this result is obtained the shde may be examined with a medium
power lens for the elastic fibers. They will be stained a deep

purple, in contrast to all debris and vegetable fibers, which are not

stained.

The older writers found elastic tissue in some 90 per cent, of

their cases, but at present the disease is usually in an early stage

when the diagnosis is made, and the writer has been able to find

elastic tissue in but a small per cent, of fairly active cases, unless

large quantities of sputum were treated with alkali. The Weigert

staining method only occasionally gives a positive result.

Fibrin.—This substance may be occasionally seen in the spu-

tum, especially in lobar pneumonia. It forms a deUcate network

or small casts of the alveoli in fresh preparations. If further proof

of its nature is wanted, the specimen may be fixed on the slide by

alcohol and stained with Weigert's stain for fibrin. The stain and

the technique will be found in the paragraph on Actinomycosis

(page 403).

CRYSTALS IN THE SPUTUM

Fatty Acid Crystals.—These are the most abundant crystals in

the sputum of gangrene and chronic phthisis. They form long,

slender, pointed rods, usually collected in bundles. They are

soluble in ether and melt on gently warming the slide.

Cholesterin.—This substance is seen in sputum from chronic

lung abscesses, empyema, and rarely in chronic phthisis with

cavities. The crystals may be readily identified by their rhom-

boidal form and notched angles. A little strong sulphuric acid

and Gram's solution run under the edge of the cover will color the

crystals red and blue.

Charcot-Leyden crystals are seen chiefly in the sputum of bron-

chial asthma, though occasionally met with in the sputum from

cases of acute bronchitis. They are often seen embedded in the

Curschmann's spirals. Morphologically they are very similar to,

though not identical with, the crystals seen in the spermatic fluid.

They form pointed, colorless octahedra, which are soluble in

warm water and acetic acid, but not in formalin, and take up
eosin, thionin, and other stains. They do not give a strong double

refraction when examined by polarized light as do the spermatic

crystals.
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Leucin and tyrosin are formed in pus by the decomposition

of the proteids, and may be expected, therefore, in the sputum
from an empyema which has perforated into the lung or from a

liver abscess which is draining in the same manner. More rarely

these crystals are seen in other conditions in which pus appears in

considerable quantities in the sputum, notably in abscess of the

lung.

The crystals are usually seen only when the purulent fluid is

allowed to evaporate upon the shde. Leucin is insoluble in ether

and is thus distinguishable from fat globules. Other tests are

given in the chapter on the Urine (page 457).

Haematoidin crystals are met with only rarely in the sputum,

and then only when blood has been extravasated into the lung

alveoli and remained there for some time. The crystals are

rhomboidal in form and often have small curved filaments pro-

jecting from the angles. Amorphous masses of haematoidin are

also seen, which can be recognized by the easy solubility of this

substance in chloroform. The color of the crystals is a bright

yellow, approaching a brown in large masses.

Calcium oxalate and triple phosphate crystals are occasionally

met with. They may be identified by their morphology and re-

actions as given under Urine (page 607).

BACTERIA IN SPUTUM

The best stain to use in order to obtain a general idea of the

morphology of the sputum is the Jenner stain. The specimen

should be spread in a very thin layer on a slide, allowed to dry in

the air, then stained with the Jenner solution for three minutes.

It should be washed thoroughly in distilled water for fifteen to

twenty seconds until the excess of methylene blue is removed. All

bacteria, with the exception of the acid-resisting groups, take the

stain. The granules of the neutrophile and eosinophile leucocytes

are well demonstrated, and the pigmented cells from the lung

alveoli show well-stained nuclei. Charcot-Leyden crystals take up

the eosin component of the stain.

Another method which has been found useful ^ is a modification

of the Gram procedure, using the following solutions

:

^ Smith : A Method of Staining Sputum for Bacteriological Examination,

Boston Med. and Surg. Jour., vol. cxlvii, 1902, p. 659.
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1. Aniline oil-gentian violet;

2. Gram's iodine solution

;

3. Saturated aqueous solution of eosin

;

4. Loeffler's alkaline methylene blue

;

5. Alcohol-ether, containing 95 per cent, alcohol, four parts,

ether six parts.

The stain gives good results only when the sputum is perfectly

fresh and has not been treated with any preservative agent.

A very thin smear is made and the specimen fixed with heat.

It is then flooded with aniline oil-gentian violet and warmed
until steam is given off. The excess of the dye is washed off with

Gram's solution. The sHde is covered with the same and again

steamed. The excess of the dye is then removed with 95 per cent,

alcohol. The preparation is then washed for a few seconds in the

alcohol-ether mixture.

After washing in water the smear is stained for a few seconds in

the aqueous eosin solution, which is washed off with the Loeffler's

methylene blue. This stain is also warmed to the steaming

point. The preparation is again washed in 95 per cent, alcohol,

then in absolute alcohol, which is followed by xylol. The prepa-

ration is mounted in dammar and examined with an oil immer-

sion lens.

The appearance of a specimen stained by this method is as

follows: The protoplasm of the polynuclear leucocytes, lymph-

ocytes, and other cells takes the eosin stain. The nuclei stain

with Loeffler's blue. The Gram staining organisms are black or

violet, while those bacteria which are negative to Gram take the

Loeffler's blue. The capsules are stained by eosin.

The unmodified Gram stain is occasionally useful in identify-

ing bacteria by their morphological appearances, and the Weigert

fibrin stain may also be used.

Special stains are given under the bacteria which they are used

to demonstrate.

THE TUBERCLE BACILLUS

This is the most important pathogenic germ in the sputum, and

the ease with which it can be detected has rendered an early diag-

nosis of the disease with which it stands in causal relation a matter

within the ability of every practitioner. The methods of staining

the tubercle bacillus in a specific manner are dependent upon a
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property of the organism by which it takes up anihne dyes with

great difficulty, and when thoroughly stained resists the action of

decolorizatioij with equal stubbornness. At first this reaction was

considered specific for the tubercle bacillus, but recently other

groups of bacteria have been found to have the same peculiarities,

notably the smegma and timothy groups.

It is of considerable importance, especially in early cases where

the quantity of sputum is small, to instruct the patient as to the

care which is necessary in obtaining uncontaminated specimens.

The most suitable material is that coughed up on rising in the morn-

ing, and great care should be taken to previously cleanse the mouth

and teeth and to avoid contaminating the specimen by nasal or

pharyngeal mucus or by saliva. If large numbers of fiat epithelial

cells are found in the preparation and tubercle baciUi can not be

found immediately, it is best to reject the specimen and obtain

one not containing contaminations.

The selection of the portion of the sputum to be examined is of

importance, as it will often enable the experienced observer to

find tubercle bacilli where the beginner fails. As a rule, the thick

purulent portions of the sputum are to be selected and spread on

a slide, or cover glass with a stout platinum needle or a platinum

spatula, made by hammering out a thick platinum wire. Care

should be taken that the smear is extremely thin, as the thicker

portions decolorize imperfectly and may lead to false results. If

the sputum is poured into a Petri dish and placed on a piece of

black paper, one may occasionally note, especially in the rapidly

advancing cases, small cheesy masses derived from the expectora-

tion of portions of a softened lung, or fragments from the walls of

cavities, from which an almost pure culture of the bacilli may often

be obtained. Some experience, however, is necessary to recog-

nize these fragments, and the beginner is apt to select particles of

food or the expectorated plugs from the tonsillar lacunae.

Ziehl-Neelsen Stain.—The smears may be made either upon

slides or cover glasses, the slides being more convenient where

many specimens are to be examined in succession. The covers are

fixed by passing three times through a flame, the slides by passing

nine times. The specimens may be stained with carbol-fuchsin^

by gently heating the slide, which has been covered with the dye,

^ See Appendix.
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or, what is preferable, by placing the sUde face downward in a

Petri dish containing the warmed staining fluid. For the cover-

glass preparations small porcelain staining dishes are convenient,

and a few c.c. of the carbol-fuchsin may be heated in one of these

dishes until the steam begins to rise, and then the fixed cover-

glass is laid face down on the surface of the dye, where it will usually

float. The warming should be continued for about three minutes.

During this time the tubercle bacilli will have been colored and

also all of the bacteria in the preparation. In order to differen-

tiate the tubercle bacilli it is necessary to remove the color from

the other germs. This may be accomplished by washing the slide

or cover glass in 5 per cent, nitric, 5 per cent, sulphuric, or 1 per

cent, hydrochloric acid in 85 per cent, alcohol. The preparation

is treated with acid until, after washing with water, the smear ap-

pears of a bright pink color. The surplus dye is then extracted

with 90 per cent, alcohol, until no more color can be seen to dis-

solve in the alcohol, and the smear assumes a grayish tone, with

otily a sHght pink shade. The preparation is then washed with

water and stained for a few seconds in 1 per cent, aqueous methy-

lene blue, in order to color the leucocytes and bacteria which may
be present. The slide is washed in water, dried with blotting-

paper, and a drop of immersion oil added, and the search for the

tubercle bacilli begun, preferably with a mechanical stage. It is

not necessary to cover the preparation or to mount in balsam. A
1-12 oil immersion furnishes the most convenient magnification,

though one who is familiar with the morphology of the bacilli may
often obtain satisfactory results when using a high aperture

3 mm. dry lens and a strong eyepiece.

Gabbett's Method.—For rapid work the decolorization and

the counter staining can be carried out in one operation as recom-

mended by Gabbett. The fluid is prepared by dissolving 2

grams of methylene blue in 100 c.c. of 25 per cent, sulphuric

acid. The stained shde is then covered with this mixture for one

minute. At the end of this time the preparation is washed and the

red color due to the carbol-fuchsin will have entirely disappeared,

and in its place there will be a diffuse blue from the methylene blue

of the decolorizing fluid; while if the preparation be examined

microscopically the tubercle bacilli will stand out from the back-

ground as bright red rocis. The red color may still be retained in

the thick portion of the smear, in which the decolorizing agent has
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not had time to penetrate. These thick portions are, therefore,

unfit for microscopical examination. Gabbett's method, while it

is convenient for rapid work in municipal laboratories, where large

numbers of specimens have to he examined in a comparatively

short time, is not so satisfactory as that given above, for the reason

that strong acid, combined with methylene blue, is very likely to

decolorize a certain number of the tubercle bacilli, so that if these

are scanty in number a serious error may result.

Pappenheim's Method.^—This procedure may be used as a

routine and offers the advantages of excluding from consideration

the smegma bacillus, which is occasionally found in the sputum
in cases of gangrene of the lung. The method depends for the

differentiation of the two organisms upon the combined decolor-

izing effect of alcohol, corallin (rosolic acid) , and methylene blue.

The sputum is spread on a slide and fixed by passing nine times

through a flame. As soon as cooled the slide is stained with hot

carbol-fuchsin for two minutes. The surplus dye is then poured

off without washing the specimen and the decolorizing solution is

poured over the slide, allowed to drain off slowly, and the process

repeated five times.

The slide is then washed off in water, dried with blotting-paper

and in the air, and examined with an oil immersion. Tubercle

bacilli are stained red ; smegma bacilli blue.

The decolorizing solution is made up by dissolving 1 gram of

corallin (rosolic acid) in 100 c.c. of absolute alcohol and then

saturating the mixture with methylene blue. Twenty parts of

glycerin are finally added.

The appearance of the tubercle bacillus, when stained by either

of the methods given above, is that of a long, slender rod, frequently

curved, which appears to lie on the surface of the smear and not so

deep as the other morphological elements stained with the methy-

lene blue. They measure in general from three to four micra

in length (about half the diameter of a red cell), though longer

forms up to eleven micra are not uncommon. Short thick bacilli

are also seen, especially in acute processes. In the bodies of the

bacilli, from chronic cases of tuberculosis, there are frequently

found irregular oval, highly refractile areas, which have in the past

been considered to be spores. Some observers ^ still consider

^ Berl. klin. Woch., 1898, p. 809.

2 Czaplewski : Lehrbuch der klin. Untersuchungsmethoden, 1904, p. 384.
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these to be resistant spore-like bodies, which may remain alive

and give rise to infections in tissues in which the tubercle bacilli

themselves can not

be demonstrated by

staining. The ir-

regular staining of

the bacilU seems to

be more marked in

those preparations

which have been

decolorized by the

use of strong acids.

Occasionally the

appearance is so

marked that the

beginner may be

led to consider the

bacillus as com-

posed of a chain of

coccus-like mem-
bers. They are es- -

pecially abundant in the contents of old tuberculous cavities, in

which also one may occasionally find branching forms of bacilli.

The number of the baciUi present in the preparation offers no

clew to the stage of the disease nor to the rapidity with which the

case is progressing. Old cases with cavities may show only a few

bacilli, or none at all may be found; while an early case with

scarcely any signs in the lungs may give a sputum which contains

enormous numbers of bacilh. It is therefore unimportant to at-

tempt to determine the number of bacilli which are present in the

sputum, and misleading to base prognostic statements on such

numbers when obtained.

If baciUi can not be found in the sputum of a suspicious case,

after examining a number of shdes, it is well either to inject a

guinea-pig subcutaneously with some of the material, or to attempt

to obtain bacteria from a considerable quantity of sputum by soft-

ening the fluid and then concentrating the bacilU.

Biedert's Method.^—About 10 c.c. of sputum are diluted in a

Fig. 124.

—

Tubercle Bacilli from Sputum.

1 Deut. med. Woch., 1886, p. 713 ; also, Deut. med.-Ztg., 1891, p. 333.

27
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beaker with 90 c.c. of water. The mixture is then heated over a

flame and 10 per cent, sodium hydrate added in small quantities,

stirring in the mixture until the stringy masses of mucus have dis-

solved completely. The amount of sodium hydrate added should

be as small as possible, only sufficient to soften the mucus, in order

that the tubercle bacilli present may not be altered in their staining

qualities. After the softening is completed the fluid is allowed to

stand for a moment to permit of the deposition of the coarser

particles, which are usually food masses contaminating the sputum,

or other debris which may be thrown into sputum cups by the

patient.

The clear supernatant fluid is then poured off, a few drops of

1 per cent, phenolphthalein added, and the mixture carefully

neutralized with dilute acetic acid. If an excess of acid is added

the mucin is precipitated and the fluid becomes thick and viscid,

so that it is best left with a faintly alkaline reaction. The whole

is then poured into twice its bulk of strong alcohol and allowed to

stand in a conical urine glass until the coagulum which forms is

deposited at the bottom. This coagulum collects all the tubercle

bacilli in the fluid, much in the same manner as the white of

egg used in clearing culture media collects fine particles which

would otherwise pass through a filter. The addition of alcohol

also lowers the specific gravity of the fluid, so that deposition

takes place more readily. ^ When the deposit has collected

it may be pipetted off and centrifuged to a compact mass

in a centrifuge tube, or some of the deposit can be directly ex-

amined by smearing on a shde, fixing by heat, and staining by the

ordinary methods. If no excess of sodium hydrate has been added

and the boiling has not been too long continued, the deposit will

usually adhere to the glass during the staining process ; but often

it is necessary to add some albuminous fluid, such as a portion of

the patieyWs own sputum which has not been treated with alkali,

or a little egg albumin. The addition of the alcohol is preferable

to a direct centrifugalization of the fluid because of the time re-

quired to obtain a deposit of the bacilH, from one to two hours being

needed, especially if the fluid is shghtly viscid.

Other methods for concentrating tubercle bacilH in the sputum
have been published by van Ketel and Amann, while Jochmann

^ Strasburger: Miinch. med. Woch., 1900, p. 533.
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has suggested a method for increasing the number of the bacilH by-

mixing 10 c.c. of the sputum with 20 c.c. of a special form of

nutrient bouillon, and incubating for twenty-four hours at 37° C.

These methods, however, are more complicated than that of

Biedert and give no better results. A full review of the different

procedures has been published by Beitzke.^

LEPRA BACILLUS

In many cases of leprosy it is possible to demonstrate the

specific bacillus in the sputum or in the nasal secretion. Sticker ^

found lepra bacilU in the nasal secretion of 127 out of 153 cases of

leprosy examined. In his opinion the mucous membrane of the

cartilaginous portion of the septum of the nose is the site of the

primary lesion of leprosy. Kolle '^ was able to verify the frequency

of the nasal infection in leprosy, but he is somewhat more guarded

in his views concerning the site of the primary lesions.

. In order to demonstrate the bacilli it is merely necessary to

make a thin smear of the nasal pharyngeal secretion, dry, fix, and

stain with carbol-fuchsin. The smears should be decolorized for

a short time with acid, decolorization completed with alcohol, and

the specimen counterstained with methylene blue. The bacilli

may be single or He in large masses.

The writer has been able to demonstrate lepra bacilh in sev-

eral cases which he has had the opportunity to study, but noted

in one person, on whom the diagnosis of leprosy had been made
by another physician, that the acid-resisting bacteria found were

not so easily decolorized as the lepra bacilli usually are by the

application of acid and alcohol. Further investigation showed

that these bacilli were smegma bacilli, which were present in

the nasal secretion and had led originally to an erroneous

diagnosis.

Tubercle bacilli must be excluded by animal inoculation in

doubtful cases, though usually the easier decolorization of the

lepra baciUi, and the fact that they take up aqueous solutions of

fuchsin or gentian violet in a short time at room temperatures,

will allow of a differentiation.

^ Hygienische Rundschau, 1902, p. 1.

^Miinch. med. Woch., 1897, p. 1063.

3 Deut. med. Woch., 1899, p. 647.
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SMEGMA BACILLUS

The presence of acid-resisting bacilli in the sputum has been

noted by a number of observers, and Fraenkel i and Pappen-

heim ^ have called attention to their presence in cases of gangrene

of the lung.

BacilH of the same group have been found in the crypts of the

tonsils, in suppurative discharges from the ears of children, and,

according to Moeller "^ and Lichtenstein,^ they may occasionally

be found in simple non-tuberculous bronchitis. The smegma
bacilli found under these circumstances resist the action of 16 per

cent, sulphuric acid for thirty minutes, and in some cases, of strong

alcohol for eight hours. The smegma bacillus is not pathogenic

to animals, so that the inoculation of a guinea-pig with the sputum
will furnish definite information. Frequentl}^ however, it is of

importance to determine the nature of the infection more promptly

than it can be done by animal inoculation, so that special differen-

tial stains must be used. The writer has always had satisfactory

results with Pappenheim's method, as given in the previous para-

graph.

Bunge and Trantenroth ^ recommend the following stain for

differentiating tubercle from smegma baciUi

:

After fixation of the smear, the fat is removed by soaking the

slide in absolute alcohol. Then the preparation is laid in a 5 per

cent, solution of chromic acid for fifteen minutes. The chromic

acid is then carefully washed out in several changes of water. The
slides are colored with carbol-fuchsin, decolorized with 16 per cent,

sulphuric acid for three minutes, and then counterstained for five

minutes in a concentrated alcohoHc solution of methylene blue.

According to these authors the tubercle bacilh retain the color,

and the smegma bacillus is always decolorized.

In carrying out any of these special stains, however, it is al-

ways wise to make a second smear of known tubercle bacilli on the

same slide as that containing the suspected material. This smear

is then submitted to the same procedures as the one containing

^ Berl. klin. Woch., 1898, pp. 246 and
2 Berl. klin. Woch., 1898, p. 809.

3 Deut. med. Woch., 1898, p. 376.

4 Zeit. f. Tuber., Bd. iii, 1902, p. 197.

* Fort. d. Med., Bd. xiv, 1896, p. 88^
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the bacillus to be tested, and by examining the slide one can de-

termine whether the decolorization of the tubercle bacilli has been

carried too far. A similar smear of smegma bacilli is often of use

in determining the exact point of decolorization of this group of

bacteria.

It must be remembered, however, that different smegma bacilli

vary greatly as to the time during which they will resist the action

of acids and alkalies. Some are decolorized almost immediately

;

others withstand the action for a long time.^

TIMOTHY BACILLUS

The timothy bacillus is another bacillus which has the power

of resisting the decolorizing action of both alcohol and acid, and

also produces a lesion in guinea-pigs, which resembles that of true

tuberculosis. If, however, a second animal be injected with

material from the first, no further development of pseudo-tubercles

will result. The cultural characteristics of the germ easily dis-

tinguish it from the other members of this group, for it grows

abundantly on ordinary media. It is present in the mouth, and is

derived from butter and milk, in both of which numbers of these

bacilli are commonly found. The writer knows of no morpho-

logical method which will certainly differentiate these bacteria

from tubercle bacilh. The question is of no great moment, be-

cause they are not found in sputum from the lungs. Usually the

bacilli are a good deal larger than the tubercle bacillus and fre-

quently show branching forms.

ANTHRAX BACILLUS

The sputum of cases of pulmonary anthrax may occasionally

contain considerable numbers of anthrax bacilli, the identification

of which may partially rest upon morphological criteria. The

specimens should be spread, fixed, and stained either with Loef-

fler's methylene blue or by the Gram method. In the Loeffler

stain the peculiar concave or square ends of the thick bacilli are

well defined. Each bacillus measures from five to ten micra in

length and from one to one and a half micra in breadth. They

may be single or arranged in chains of three or four members.

^ Coles: Jour, of State Med., 1904, p. 216, st£Jtes that smegma bacilli

resists Pappenheim's decolorizer for four hours, tubercle bacilli for twenty-

four hours, other acid resistant bacilli only for two hours.
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The bacillus retains the gentian violet of the Gram stain, though

old and swollen individuals may be partially or completely de-

colorized. To render the diagnosis more complete, the cultural

identification of the bacillus should be carried out and also inocu-

lation of suitable animals with recovery of the specific bacillus from

the blood of the animal used. For this purpose white mice are

especially convenient, as after subcutaneous inoculation of anthrax

material at the root of the tail, bacilli can be demonstrated in the

blood in large numbers in twenty-four to forty-eight hours. The
inoculation incision should not be too deep, as confusion may re-

sult from the death of the animal from the bacillus of niahgnant

oedema, which somewhat resembles the anthrax bacillus, but is

distinguished by its strictly anaerobic growth.

MICROCOCCUS CATARRHALIS

Cocci of this species are occasionally seen in the sputum in acute

pulmonary conditions which resemble severe influenza. Smears

from the sputum show the pus cells to be filled with small diplo-

cocci, which can not be distinguished from the gonococcus by
stains or morphology, as they are negative to Gram. Cultural

characteristics distinguish these cocci from the meningococcus and

the gonococcus, but the methods are too compHcated for the

practitioner.!

STREPTOCOCCI

Organisms of the streptococcus group may be found in the

sputum from cases of acute bronchitis, acute lobular and broncho-

pneumonia, and in the sputum from patients with advanced

pulmonary tuberculosis. In the latter condition they are in all

probability responsible for the so-called hectic fever and the

rapid advance of the process in the lungs. They can be identi-

fied provisionally by their morphology and by the fact that

they are positive to Gram.

STAPHYLOCOCCI

Staphylococci of various species are present in the sputum of

persons with chronic bronchitis and chronic pulmonary tuber-

culosis. A probable diagnosis can be made from the morphology

^ For a full discussion of this subject see Ghon and Pjeiffer: Zeit. f. klin.

, Bd. xliv, 1902, p. 262.
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and the positive Gram stain. Their identification is of no diag-

nostic importance.

MICROCOCCUS TETRAGENUS

This is a large, encapsulated coccus, which is found with great

regularity in sputum from chronic pulmonary tuberculosis with

cavities. It is arranged in packets of four individuals. It is posi-

tive to Gram. The exact relation of this coccus to the tuberculous

process has not been made out. It is, as a rule, but sHghtly

pathogenic to man.

PNEUMOCOCCUS LANCEOLATUS

The pneumococcus lanceolatus is found in the mouth of

healthy persons, in sputum of acute and chronic bronchitis, in

tuberculous sputum, and, finally, in large numbers in the sputum

of acute pneumonic conditions, chiefly those of a lobar type. It

is evident that its iden-

tification in the sputum

is of little diagnostic

value unless it is pres-

ent in pure culture.

The morphological

appearance of the

pneumococcus is that

of two short, conical
Fig. 125.-Pneumococcus m Sputum, Showing

.
Capsules Stained by Hiss Method.

bacilh, with their bases Magnified 1,000 diameters.

in contact and the whole

surrounded by a dehcate capsule. They may occur in chains or

more commonly in pairs. The ge m is positive to Gram. The

presence of the capsule is the most important means of differen-

tiating them from strepto- and staphylococci in exudates, but

unfortunately it is often difficult to obtain a capsule stain.

In sputum and in pus, especially the pus from an empyema of

long standing, large numbers of degenerated diplococci without

capsules may be found. Occasionally free capsules or capsules

surrounding shrunken cocci may be abundant.

Welch's Method.!—1. Smear the sputum without the addition

of any water, dry, and fix by a moderate amount of heat.

^ Bull. Johns Hopkins Hosp., 1892, p. 125.
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2. Flood the smear with glacial acetic acid and immediately

pour off.

3. Wash off the acid with aniHne water gentian violet.

4. Replace the stain with 2 per cent, salt solution, or examine

directly in the stain by covering and pressing out the excess of dye,

so that enough light will pass through to permit of examination.

Do not wash with water.

The capsules can be demonstrated only in fresh sputum, and

not constantly in that.

Hiss' Method.—The writer has obtained more constant results

with the following

:

1. Smear the sputum in a very thin layer without the addition

of water, dry, and fix by heat.

2. Cover the preparation with a mixture containing 5 c.c. of

a saturated alcoholic solution of gentian violet in 95 c.c. of dis-

tilled water. Heat till steam begins to rise.

3. Wash off the dye with a 20 per cent, solution of copper

sulphate.

4. Dry and mount in dammar.

BACILLUS MUCOSUS CAP8ULATUS

Friedlander's bacillus is present in a certain small per cent, of

cases of lobar pneumonia, of which it may be regarded as the

inciting agent. The bacilli are encapsulated and act in a very

variable way toward the Gram stain. In the sputum they are

often positive, while in the first subculture made from the sputum
they are generally negative.

TYPHOID BACILLUS

In a number of cases developing pneumonia during the course

of typhoid fever, the typhoid bacillus has been isolated from the

sputum. Microscopically they appear as short, thick rods, which

can not be distinguished from a large number of bacilli of similar

morphology, which are negative to Gram. Culture methods only

can furnish a positive diagnosis.

The sputum, which is usually h.'Bmorrhagic in character, should

be plated on Hiss' medium, and the thread-like colonies fished at

the end of twenty-four hours and transferred to Hiss' tube me-
dium. Bacteria from the tubes showing a characteristic clouding
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should then be tested with a typhoid serum of high agghitinat-

ing power. If the bacilH are promptly agglutinated, they are

probably typhoid bacilH, and further determinations should be

made of their cultural characteristics.

PLAGUE BACILLUS

In the sputum of persons suffering from the pneumonic form

of plague an enormous number of the characteristic bacilli may be

found. The diagnostic points are that the bacilli are negative to

Gram and that they take a marked polar stain. The best method

of demonstrating the polar granules is to stain in a watery mixture

of 2 per cent, methylene blue and 5 per cent, borax. This rather

powerful stain should be allowed to act about half a minute, and

the preparation is then decolorized by washing in alcohol.

The morphological diagnosis should always be confirmed by

animal inoculations and culture methods.

INFLUENZA BACILLUS

The morphology of the influenza bacillus is fairly characteristic

to an experienced observer. The sputum shows large numbers of

intra- and extracellular bacilli of very small size, often with

polar granules. They decolorize by Gram and stain with diffi-

culty in the ordinary aniUne dyes. The best method is to use

carbol-fuchsin, diluted 1 to 10, and allow the preparation to stain

for ten* minutes. Cultural methods are necessary for a definite

diagnosis. They are occasionally found in the sputum of chronic

bronchitis, long after the acute symptoms of the influenza have

disappeared.

GLANDERS BACILLUS

In the pulmonary form of glanders the bacillus may be found

in the sputum, but. except for the fact that they decolorize by
Gram, they possess few morphological characteristics.

Cultures and animal inoculations are necessary for a final de-

cision. The animal of choice is the guinea-pig, which should be

inoculated in the groin with a moderate amount of the suspected

material. One of the swollen lymph nodes of the inguinal chain

should then be incised and a second male guinea-pig inoculated

intraperitoneally. On the second or third day after inoculation,



402 THE SPUTUM

if the glanders bacillus is present, the animal will develop an acute

orchitis. Death usually occurs from eight to fifteen days after the

inoculation. Inasmuch as the orchitis is not absolutely character-

istic of the glanders bacillus, cultures should be made from the

infected material.

This method is somewhat longer than that by directly inocu-

lating the material into the peritoneal cavity, but many animals

die from peritonitis when the fresh material is placed in the ab-

dominal csLYiiy.

FUNGI IN THE SPUTUM

Not infrequently long branching threads are met with in the

sputum, some of which are due to fungi of the Aspergillus or

Mucor group, and others to the Streptothrix group. ^ Unfortu-

nately it is often difficult to decide between fungi accidentally in-

troduced into the sputum before examination and those which

are brought up from the lung. The morphological appearances

are occasionally sufficiently characteristic to permit of a probable

diagnosis, especially when the masses of fungus form greenish or

brownish microscopic granules, with well-developed mycelial

threads, conidia, and spores.

ACTINOMYCES HOMINIS

This fungus, which frequently gives rise to a disease known as

lumpy jaw in cattle, has occasionally been seen to infect the human
subject with involvement of the lungs. The process is a necrotic

one, and the muco-purulent sputum contains elastic tissue and

small sulphur yellow granules which are visible to the naked eye.

These granules are small masses of the ray fungus and should be

picked out of the sputum and crushed under a cover glass. When
examined under these conditions a central indistinctly granular

mass is visible, from the periphery of which project a series of club-

like rays.

Usually the morphology is sufficient for a diagnosis, but the

sputum may be collected and hardened in formalin, embedded and

sectioned, and the fungus stained with eosin and hsematoxylin,

* Norris and Larkin : Necrotic Broncho-pneumonia with Streptothrix, Jour,

of Exp. Medicine, vol. v, 1900, p. 155.
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or the isolated fragments of the actinomyces may be spread out on

a sHde, fixed by alcohol, and stained by Weigert's fibrin stain.

For this purpose the smear is flooded with aniline water gentian

violet solution for ten minutes. The stain is then poured off and

the preparation blotted with filter

paper to remove the excess of the dye.

Gram's solution is then poured on the

slide and allowed to remain for three

minutes and the slide again blotted

off. The decolorization is then com-

pleted by repeated treatment of the

smear with a mixture of xylol one part

and aniline oil two parts. The prepa-

ration can be examined as soon as it Fig. 126.—Actinomyces Homi-

clears, or the excess of anihne oil may l'^'
^"°^'^^« Club-shaped

'

.

^ Extremities to the Rays.
be blotted off and the preparation (Fresh preparation.)

washed with pure xylol several times

to remove all the aniline oil, then balsam and a cover glass

applied. A light stain with eosin brings out the clubbed ends

well. This is best carried out by using oil of origanum in which

a little eosin has been dissolved for the last treatment, instead of

the xylol.

IV. THE SPUTA IN DISEASE

Acute Bronchitis.—The sputum is characterized by its mucous

character, which is especially marked in the earlier parts of the

disease, while later, as the inflammation tends to become chronic,

the transparency is diminished and the color changes to a yellow

or green, in place of the glassy mucous sputum of the early stages.

At first only a few leucocytes and cells from the bronchi are to be

seen, later numerous leucocytes and abundant bronchial epithelium,

the latter sometimes ciliated, are to be observed. A small amount
of blood is often present in all stages, but most abundantly at the

beginning of the disease.

Chronic Bronchitis.—The sputum is in most cases much more

abundant than in the acute forms and contains large numbers of

polynuclear leucocytes, usually in a state of fatty degeneration or

necrotic. The color of the sputum is a yellow green. Small num-
bers of alveolar epithehum and myelin masses may usually be

found.
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The quality and quantity of the sputum are altered if the

formation of bronchiectatic cavities takes place. The sputum be-

comes more abundant and thinner, and on standing, separates into

a layer of pus and one of mucus. If the cavities are large the

sputum may undergo putrefaction, and large amounts of thin,

foul-smelling, gray-green fluid may be coughed up. Enormous
numbers of bacteria and degenerated leucocytes, fat needles, and

occasionally leucin and tyrosin, may be found.

The Sputum in Gangrene of the Lung.—The sputum from cases

of gangrene of the lung is characterized by its offensive odor, its

color and fluidity. When poured into a conical glass such sputum
will separate into layers, with a thick brownish deposit at the

bottom, and a clear fluid in the middle, and a frothj^- layer on

top.

Microscopical examination shows comparatively few cells and

leucocytes, often numerous fatty acid crystals, and occasionally

leucin and tyrosin. Elastic fibers and fragments of lung tissue are

usually scanty. Autolytic ferments have been found in the spu-

tum, which undoubtedly destroy the elastic fibers.

The number of bacteria present is often enormous, but except

tor the identification of the acid-resisting bacilli, which probably

belong to the smegma or timothy group,^ the morphological ex-

amination offers but few diagnostic points.

The Bacillus proteus vulgaris is frequently present, but • must

be identified by cultural means.

Fibrinous Bronchitis.—The characteristic symptom of the dis-

ease is the expulsion from the bronchi of more or less perfect casts

of those tubules. These casts are composed of a mixture of mucus
and fibrin. The formation of fibrinous casts may occur as an in-

dependent phenomenon in persons not suffering from any definite

disease, and they may be brought up from time to time, especially

after inhaling irritating dust.^ Fibrinous casts of the bronchi are

also seen in connection with acute or chronic pulmonary diseases

;

for example, influenza and tuberculosis. They have also been seen

in uncomplicated valvular lesions and sclerosis of the coronary

arteries, the specimen figured being from a case of this type.

^ Rabinowitsch : Zeit. f . Hygiene, Bd. xxvi, 1897, p. 90 ; also, Deut. med.

Woch., 1900, p. 257.

^ Bettmann : Amer. Jour, of Med. Sci., vol. cxxiii, 1902, p. 304 ; also, Lieber-

meister: Deut. Arch. f. kiln. Med., Bd. Ixxx, 1900, p. 551.
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They ma}' be coughed up in the course of an attack of spasmodic

asthma 1 or during a thoracentesis.^ They differ in structure from

Fig. 127.

—

Fibrinous Cast of the Bronchi. (Natural size.)

the soft masses of fibrin and necrotic cells which may be coughed

up by persons suffering from tracheal diphtheria.

Acute Lobar Pneumonia.—In the early stages of the disease the

sputum is of a yellowish-red color and very tenacious in its con-

sistence. Microscopically it contains only a few red cells and

degenerated leucocytes and possibly a pure culture or pneumo-

coccus, often accompanied, however, by numerous streptococci.

In the second stage of the disease, when exudation is taking

place in the alveoli, the sputum usually assumes a reddish color

—

1 Posselt: Frag. med. Woch., 1899, p. 46.

- Magenau: Miinch. med. Woch., 1902, p. 1697.



406 THE SPUTUM

the so-called rusty sputum. It still retains its tenacious character,

and the cup containing it can usually be inverted without losing any

of its contents.

In the stage of resolution the sputum becomes thinner and more

abundant and the color becomes yellow, like the sputum of bron-

chitis. The small fibrinous plugs of the second stage disappear,

and the cellular elements of the sputum become more abundant

and are in a condition of advanced fatty degeneration. Varia-

tions from these tj^pes are frequently met with, and sputum, con-

taining large amounts of blood, are often seen, while in the sputum

of grippe pneumonia the appearance is often that of a purely

bronchitic exudate. In persons suffering from a chronic bron-

chitis and then developing pneumonia, the sputum retains to a

great degree the characteristics of the bronchitic type and the rusty

form of sputum may not appear.

If the patient suffers from jaundice during the course of a

pneumonia, the sputum is likely to take on a bright green tinge

from the oxid,ation of the bilirubin to biliverdin. This same form

of sputum is observed in cases of delayed resolution when the

exudate has been of an especially hsemorrhagic type. The blood

pigment in this case is altered into ha^matoitiin or bilirubin in the

lung itself, and then the yellow pigment changed to the green form.

The oedema of the lungs, which is so commonly seen in the latter

stages of a fatal pneumonia, is characterized by a thin, serous,

frothy fluid, which may be either of a faint yellow or pink or, what

is more usual, of a dark brown, from the admixture of a consider-

able quantity of blood with the serous exudate. Microscopically

only a few leucocytes and epithelial cells may be found.

Empyema.—The sputum which is derived from an empyema
which has ruptured into the lung, is composed almost entirely of

pus and is thin and liquid. It is usually brought up in large

amounts. It may contain Charcot-Leyden crystals and leucin

and tyrosin. Search should also be made in the sputum for the

presence of the sulphur-yellow masses of the actinomyces.

Abscess of the Liver.—An abscess of the liver may perforate

into one of the bronchi, in which case the sputum is apt to be of

an ochre yellow or a red color, and contain abundant biHrubin

needles and possibly the amoeba dysenteriae.

Bronchial Asthma.—The sputum from a case of bronchial

asthma is very tenacious and is composed largely of mucus from
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the walls of the bronchi. This mucus may be in the form of

Curschmann's spirals, and contain also large numbers of eosin-

ophile cells and occasional Charcot-Leyden crystals. Basophile

cells are occasionally seen in moderate numbers.

Chronic Congestion.—The sputum from chronic pulmonary

congestion, such as occurs in uncompensated heart disease, usually

contains numerous cells of varying form which are thickly filled

with pigment of a brown color. This pigment often gives the iron

reaction, but not always. The length of time it has remained in

the lung seems to have something to do with the reaction, the older

specimens not giving the test.

Similar cells are seen after a hsemorrhagic infarct, but the ex-

cessively bloody sputum, which accompanies this condition, differ-

entiates it from the rusty brown sputum from a case of heart

disease.

Carcinoma or Sarcoma of the Lungs.—The sputum from a case

of malignant disease of the lungs may very rarely show fragments

of the growth in sufficiently good preservation to allow of a diag-

nosis after sectioning and staining the masses of cells. Other

definite microscopical or chemical evidences of a pulmonary

tumor are not common. A point of some value is the presence in

the sputum of masses of fat globules and fatty degenerated cells.

Pulmonary Tuberculosis.—The sputum in pulmonary tubercu-

losis is extremely variable both in quantity and structure, and also

in the number of baciUi present.

In acute miliary tuberculosis the sputum is that of an acute or

subacute bronchitis and contains no bacilh.

In early cases of phthisis there may be practically no sputum

or only a small amount, which is coughed up on rising in the morn-

ing. It is usually clear and tenacious, with possibly a few yellow-

ish areas where the leucocytes are more abundant. Occasionally

such sputum is blood-streaked, or it may contain a large quantity

of fluid blood, which has possibly been the first symptom of tuber-

culosis which the patient has noticed. Such sputa, in the writer's

experience, occasionally contain enormous numbers of tubercle

bacilli. No physical signs indicating that the lung is involved can

be made out, and these patients often rapidly recover when trans-

ferred to a suitable environment.

When softening of the lung tissue or dilation of the bronchi

is added to the purely miHary form, the sputum is that of an
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advanced chronic bronchitis, and contains in addition small frag-

ments of broken-down lung tissue and elastic fibers. It is usually

thick and purulent from the admixture of large numbers of leu-

cocytes from the exudation.

In advanced cases after the development of cavities the spu-

tum often contains oval or spherical masses of thick pus and mucus
floating in a thinner, more serous fluid. This so-called nummular
sputum is quite characteristic of the excretion of large cavities.

The masses of pus contain enormous numbers of tubercle bacilli.

Blood is seen in the sputum more often in the early cases than in

the late, though in the late stages large haemorrhages may occur

from the erosion of a large vessel.

PNEUMOCONIOSES

Anthracosis.—The sputum of the dwellers in large cities, es-

pecially where bituminous coal is burned in quantity, almost

always contains a moderate amount of finely divided particles of

carbon.

The expectoration of persons who smoke a great deal, especially

those who inhale the smoke from the tobacco, is often of a grayish

color or contains irregular blackish patches.

Typical anthracosis is seen chiefly in coal miners, where the

lungs contain large deposits of coal dust, and the sputum may be

almost black from this cause. Microscopic examination shows

numerous free particles of coal, which can be recognized by their

resistance to acids, alkahes, and reagents, and also many leuco-

cytes and alveolar cells containing the black coal pigment.

Siderosis.—This condition is chiefly noted in workers in ma-

chine shops, especially where the air is filled with a large amount of

iron oxide dust. The sputum is usually of a dark-brown color,

and the presence of iron can be recognized by treatment with

dilute solutions of hydrochloric acid, followed by potassium ferro-

cyanide.i

Chalicosis.—The sputum is usually that of a chronic catarrhal

bronchitis, but it contains particles of stone, chalk dust or plaster

of Paris, either free or inclosed in the cells.^ The substances which

incite chronic inflammation of the lungs of this type may be recog-

^Langguth: Deut. Arch. f. klin. Med., Bd. Iv, 1895, p. 255.

^ Betts : Chalicosis pulmonum. Jour, of Amer. Med. Ass'n, vol. xxxiv,

1900, p. 70.
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nized by chemical reactions, especially the chalk dust and the

sulphate of hme; but usually the cUnical history will furnish all

necessary data.

Amylosis.—Starch in the sputum is occasionally seen in bakers

and may be recognized by its reaction mth iodine. In those work-

ing in flour-mills the sputum frequently contains not only starch

particles, but also small masses of vegetable cells derived from the

covering of the wheat grain.



PAET VII

THE UEINE

I. GENERAL CONSIDERATIONS

The examination of the urine is of great practical interest from

a number of points of view, not alone for the diagnosis of kidney

lesions but also for the recognition of changes in other organs.

The products, both organic and inorganic, of the destructive

metabolism of the proteids are nearly all excreted in the urine, so

that by an examination of this fluid we are in a position to deter-

mine the quantitative relationships between the intake and the

output of nitrogen, as well as to detect the presence of substances

which result from the imperfect digestion and absorption of the

proteids or their putrefaction by the intestinal bacteria.

Under normal conditions the substances derived from the

breaking down of the carbohydrates and fats of the food appear in

the urine only in traces, but when the oxidizing power of the or-

ganism is diminished, carbohydrates are excreted in the urine, and

also acetone and diacetic and /3-oxybutyric acids, derived from the

metaboUsm of the fats.

We may also study the substances which escape from the body

under certain pathological conditions: such as, for instance, in

diabetes, the excretion of sugar and the acetone group of com-

pounds ; in nephritis, the retention of urea and the chlorides ; in

cystinuria, not only the C3^stin but also the diamins ; in myeloma,

the Bence Jones' proteid.

We may also learn from the study of the urine many facts con-

cerning the anatomical changes in the kidneys in disease. The

composition of the urine may offer valuable suggestions as to the

strength of the heart ; the appearance in the urine of the bile pig-

ments helps us in the diagnosis of diseases of the liver ; increased

intestinal putrefaction is made evident by the indoxyl which ap-

pears in the urine in large quantities ; albumose may be present in

internal suppuration.

410
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The rate of absorption and excretion of drugs may often be

determined by the examination of the urine, while poisons may
occasionally be found in this fluid and thus lead to a diagnosis.

The study of the urine also affords us an opportunity to observe

the methods which the organism employs to neutralize poisonous

products, either introduced into the body from without or pro-

duced through a defect in the metabolism of the cells. For ex-

ample, the conjugation of glycuronic or sulphuric acid with the

various poisonous substances produced by the putrefaction of the

proteids, such as indol, skatol, phenol, etc., is evidenced by an

increased excretion of these conjugate compounds in the urine.

The body thus protects itself from the poisonous action of these

substances. As a good example of such protective power on the

part of glycuronic acid, may be cited the observation of Hilde-

brandt,^ in which it was noted that a fatal dose of a drug (thymotin-

piperid) could be neutralized if the animal had previously received

a suitable amount of dextrose. The urine under these conditions

contained large quantities of the conjugate compound.

II. PHYSICAL PROPERTIES OF THE URINE

QUANTITY

The amount of the urine secreted during twenty-four hours is,

on the average, between 1,000 and 1,500 c.c; women passing

about 200 c.c. less than men. Considerable fluctuations are seen,

however, due to the amount of fluid taken in.

Less urine is passed during the warm months than during the

cold, owing to the increased excretion of water by perspiration.

The drinking of large quantities of fluid increases, while the taking

of violent exercise diminishes the amount excreted. Large quan-

tities of urine are passed by diabetic patients, in diabetes insipidus,/

during the resorption of large exudates, in the course of chronic

diffuse nephritis, and as a result of strong psychical disturbances.

A portion of the increase under these conditions is due to the fact

that the irritability of the bladder is increased, and the frequency

of micturition reflexly stimulates the kidneys to further increase

in secretion.

1 Arch. f. exp. Path. u. Pharm., Bd. xliv, 1900, p. 278.
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The amount is diminished in acute febrile diseases, in acute

nephritis, in anaemia, atrophy of the hver and cardiac diseases, and

after the loss of large quantities of fluid, either by haemorrhage or

in the course of an acute intestinal disease, such as cholera. Shock

following the administration of an anaesthetic or operations on the

genito-urinary tract frequently results in a great diminution in the

quantity of the urine, or even entire suppression of the excretion,

usually in connection with an unsuspected nephritis.

COLOR

The color of the urine is normally of a pale yellow, and when
examined by the spectroscope no absorption bands can be noted,

only a general diminution in the intensity of the blue end of the

spectrum. Pale urines are either very dilute or are seen in dia-

betes, with a high specific gravity, where pigment sufficient to color

the fluid is not formed, or in chronic diffuse nephritis with great-

ly increased excretion. Dark-colored urines are usually concen-

trated or are febrile urines with an excess of urobilin. This sub-

stance can be detected by diluting the urine and examining it with

a spectroscope, when the absorption band due to urobilin can

usually be made out without difficulty. Red urines are colored

either by blood or by the presence of pyramidon i or purgatin in

a urine of alkaline reaction. Very dark-colored urines are noted

after the absorption of carbolic acid, resorcin, or hydrochinon, or

ma}^ be caused by the excretion of melanin derived from pigmented

tumors of the body, and finally to the alteration of haemoglobin

into methaemoglobin. A greenish-yellow color may be caused by

bile pigment or by urobilin, though the color due to the latter is

usually more of a brownish tint. Occasionally it is impossible

to distinguish the color due to the two substances and the differen-

tiation must depend upon chemical tests. Yellowish urine is also

passed after taking rhubarb, senna, or santonin, which is altered

by the addition of an alkali to red. A pale greenish color is seen

after the administration of methylene blue. Dark brown urine

may contain methaemoglobin or haematoporphyrin or a mixture of

these two substances. Milky urine is seen chiefly in connection

with parasitic diseases such as filariasis or with the presence of

Bilharzia.

1 Apert : Arch. g^n. de MM., 1904, p. 1665.
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TRANSPARENCY

The transparency of normal urine is quite characteristic.

When the urine is passed directly after a heavy meal, a slight

cloudiness is often visible, which can be cleared up by the addition

of acid, although the reaction may be distinctly acid to litmus

paper.

After several hours' standing a faint cloud appears in perfectly

normal urine. This nubecula, as it is called, collects in the middle

of the column of fluid and contains threads of mucus from the

urinary passages, small granular cells, leucocytes, and surface

epithelium from the bladder and urethra. Pathological urine is

very frequently clouded by the presence of large numbers of bac-

teria or pus cells in cystitis, by epithelium and casts in nephritis,

or by blood from haemorrhage along the genito-urinary tract.

ODOR

The odor of normal urine is aromatic and quite characteristic.

The odors, which are of interest from a clinical point of view, are

those of acetone in diabetes, of ammonia, in cystitis, of indol and

skatol in urine from a bladder which is connected with the rectum

by a recto-vesical fistula. The odor of hydrogen sulphide may be

noted in hydrothionuria and that of cacodyl after the adminis-

tration of that drug.

rp:action of the urine

The reaction of the urine obtained from healthy persons on a

mixed diet is slightly acid, except directly after a meal, when the

sum of the bases present may be greater than that of the acids,

and the urine may then turn red litmus paper blue. Phenol-

phthalein, however, is not reddened by such a urine, and it is prob-

able that the bluing of the litmus is due to the separation of the

CO2 from the bases, with which it is in combination, by the action

of the litmus in the paper. The true reaction in these cases is

neutral. 1

^ For a general discussion of this subject see Friedenthal : Zeit. f. AUg. Phys.,

Bd. i, 1901, p. 56, in which the writer claims that even the blood serum is not alka-

line, but neutral or even faintly acid. Also Auerbach u. Friedenthal : Reaction des

Hames, Arch. f. Anat. u. Phys., 1903, p. 397; and Folin: Am. Jour, of Phys.,

1903, p. 265.
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The acidity is generally considered to be due chiefly to the

presence of the dihydrogen phosphates, and in many specirnens of

urine an amphoteric reaction to litmus is present, due to the fact,

that the monosodium phosphate is acid in reaction and can exist in

conjunction with the disodium phosphate which is alkaline in

reaction. Red litmus paper is therefore turned blue, and blue

litmus paper turned red by such urine.

The acids in the urine which contribute to the acidity are de-

rived partly as oxidation products from the albuminous substances,

partly from the oxidation of the phosphorus contained in the nu-

cleins and lecithins of the food, and also from the volatile fatty

acids, hippuric acid, the aromatic ethereal acids, and oxalic acid.

Recent researches have also shown that uric acid may be present in

a free condition in the urine and contribute slightly to the acid

reaction. A vegetable diet may cause the urine to be alkaline to

litmus paper, while an abundant meat diet produces a strongly

acid reaction. The urine is often alkaline after frequent vomiting

or washing out of the stomach, or hypersecretion of hydrochloric

acid. Thirty-six to forty-eight hours after the crisis in pneu-

monia, a sharp diminution in the acidity of the urine is seen, which

lasts one to two days, and corresponds to the period of increased

elimination of sodium chloride. The change is due to an increase

in the amount of the basic phosphates over the acid form.

Pathologically, acid urines may be seen after poisoning with

one of the strong inorganic acids. Markedly alkaline urine may be

due to the administration of large quantities of alkalies or of or-

ganic acids, or, finally, to the production of ammonia by the fer-

mentation of the urine set up by bacteria present in the urine in

cystitis. For the practitioner the mere determination of the pres-

ence of an excess of acid or alkali by means of litmus paper is

sufficient, using preferably a neutral paper, which will be reddened

by acids and blued by alkalies.

Quantitative Determination of Acidity.—The exact quantitative

determination of the amount of acid or alkali present is a matter

of some difficulty owing to the complicated relation between the

acid and alkaline phosphates, but the simplest method is that of

Naegeli 1 as modified by Folin 2, titrating with ^/m NaOH, using

^ Zeit. f. phys. Chemie, Bd. xxx, 1900, p. 313.

2 Am. Jour, of Phys., 1903, p. 265. For a study of the quantitative relations

between the "mineral' ' and '

' organic' ' acidity, the original paper should be consulted.
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phenolphthalein and alizarin as indicators. The necessary re-

agents are:

1-10 normal sodium hydrate,

1-10 normal hydrochloric acid,

0.5 per cent, solution of phenolphthalein in 50 per cent, alcohol,

1 per cent, aqueous solution of alizarin sodium sulphonate.

a. Twenty-five c.c. of the mixed twenty-four hours' urine,

which has been prevented from fermenting by the addition of

thymol, is mixed with 15 to 20 grams of potassium oxalate and

shaken for about a minute. One or two drops of the phenol-

phthalein solution are added and the mixture is titrated with the

decinormal sodium hydrate, until a faint pink tint remains per-

manent. The flask should be shaken during the operation. This

is the point of neutralization, and the acid may be expressed in c.c.

of decinormal solution or in grams of hydrochloric acid, remember-

ing that 1 c.c. of a decinormal sodium hydrate solution is equiva-

lent to 0.00305 grams of hydrochloric acid. By this method the

average acid capacity of urine passed in 24 hours is found to be

that due to 1.45 grams of hydrochloric acid, or 25 to 30 c.c. of

^/lo NaOH for each hundred of urine.

6. By means of a second titration carried out with decinor-

mal hydrochloric acid it is possible to determine how much acid

must be added to the urine in order to cause a distinct acid re-

action due to the presence of free acid, in which process it is

necessary to transform the secondary phospates, urates and ox-

alates into acid salts. Carbonates are changed into chlorides;

chlorides and sulphates remain unchanged.

Alizarin red is the most suitable indicator for the purpose

of determining the acid capacity. Decinormal hydrochloric acid

is added until the alizarin assumes a yellow color.

The number of c.c. of -^/lo NaOH used in a gives the acid, that

is, the amount of the phosphates, urates, and oxalates, which exist

in the form of acid salts. The number of c.c. used in h gives the

amount of phosphates, oxalates, urates, and carbonates present

which exist as neutral salts, and therefore do not react to phenol-

phthalein. The sum of a and h, therefore, gives the total acid

contained in the phosphates, urates, oxalates, and carbonates.

In order to obtain an expression for the amount of bases pres-

ent, the results of a should be added to double the amount of 6,

which will give the total amount of alkali in conjunction with
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phosphates, oxalates, urates, and carbonates. The sulphates and

chlorides are not included in this determination. If the urine has

undergone alkaline fermentation the results will be incorrect, as

phenolphthalein does not give a sharp end reaction under these

conditions. Facts of diagnostic value are not obtained by the

quantitative determination of the acidity or alkalinity of the urine.

SPECIFIC GRAVITY

The specific gravity of the urine is an expression of the total

solids in the urine, and is of use as furnishing a rough clinical

estimate of this fact. Evidently the determination of the specific

gravity of the urine from a few ounces of the urine taken without

regard to meals, exercise, the amount of fluid recently consumed,

or the total daily amount of urine passed, is of no value in making

such an estimate. For the determination to be of any scientific

value it must be made from a specimen obtained by collecting the

whole urine for twenty-four hours, determining its bulk, and then

obtaining the specific gravity from a portion of the mixed urine.

The specific gravity of normal urine lies between 1.012 and

1.024 when the quantity passed is about 1,200 c.c. In disease the

specific gravity varies from 1.002 to 1.060. The low gravities are

seen in diabetes insipidus, in hysteria, and in chronic interstitial

nephritis, though the urine of a perfectly normal person may be

quite as low for a few hours if large quantities of slightly diuretic

fluids have been consumed. The high gravities, as a rule, are

seen after prolonged operations, especially with ether as an an-

aesthetic, where there has been great loss of blood from haemor-

rhage and of body fluids from perspiration. The very high figures

are due usually to the increase of the urinary solids by the enor-

mous quantities of sugar excreted by diabetics, which may rise to

100 grams to the liter of urine. A considerable quantity of sugar

may, however, be present in urine of a specific gravity of not over

1.015 to 1.020, so that, while a high specific gravity should make
one suspicious of sugar, a low one by no means excludes the possi-

bility of its presence.

Approximate results may be obtained by the use of a urinary

hydrometer, with a scale from 1.000, which is the specific gravity

of water, to 1.060, the upper limit of the urinary density. These

urinometers, as they are called, can be obtained with a small ther-
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mometer either in the bulb or fused into the side of the small

cylinder in which the urine is placed. This adds greatly to the

expense, but also greatly to the value of the results, which must

always be corrected for the temperature at which the observation

is made.

The urine is poured into the small cylinder which accompanies

the urinometer and the foam removed from the top by means of a

small strip of filter paper. The urinometer should be dry, and is

to be lowered gently into the urine with a slight spin. The rotary

motion will prevent any adhesion between the urinometer and

the sides of the vessel, which might cause a serious error in the

reading. This should never be made when the instrument is

adherent to the vessel. The reading i^ to be taken from the lower

portion of the meniscus, not from the highest point to which the

fluid rises along the stem. The correction for temperature is

roughly made, within the limits of error of the apparatus, by

adding 0.001 for every 3° C. that the urine is above the point at

which the urinometer is corrected, and subtracting the same

amount for every three degrees the urine is below the point of cor-

rection. For example, if a specimen of urine have a specific

gravity of 1.020 at 30° C, and the point of correction of the in-

strument be, as is usual, 15° C, it will be necessary to add 0.005 to

the reading—i.e., the true reading is 1.025.

The following table taken from Bouchardat gives the necessary

corrections for temperature, measured in degrees Centigrade, when
using a specific gravity float corrected for 15° C.

Temperature. Normal
Urine.

Glucose
Urine.

Temperature. Normal
Urine.

Glucose
Urine.

5°C. -0.9 -1.3 21° C. 0.9 1.2

6 -0.8 -1.2 22 1.1 1.4

7 -0.8 - 1.1 23 1.3 1.6

8 -0.7 -1.0 24 1.5 1.9

9 -0.6 -0.9 25 1.7 2.2
10 -0.5 -0.8 26 2.0 2.5

11 -0.4 -0.7 27 2.3 2.8
13 -0.3 -0.6 28 2.5 3.1

13 -0.2 -0.4 29 2.7 3.4

14 -0.1 -0.2 30 3.0 3.7
15 31 3.3 4.0
16 6!i 6;2 32 3.6 4.3

17 0.2 0.4 33 3.9 4.7
18 0.3 0.6 34 4.2 5.1

19 0.5 0.8 35 4.6 5.5

20 0.9 1.0
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The decimal figures in the column are to be added to the

fourth figure of the specific gravity as found by the urinometer.

In other words, supposing the specific gravity of the urine to be

1.019 at a temperature of 30° C, it will be necessary to add three

units to the 1.019; that is, the specific gravity at 15° C. will be

1.022. If the specific gravity, on the other hand, be 1.019 at 10°,

it will be necessary to subtract five from the fourth decimal place

in normal urine, and eight in glucose urine.

If the exact specific gravity of the urine is of importance, as it

may be, for example, in testing specimens obtained by catheteri-

zation of the ureters, it is much better to use a pycnometer or a

Westphal balance.

Another method is to use an hydrometer of special form,

such as that designed by Saxe,i which requires only a few cubic

centimeters of urine. (See Fig. 128.) The urine

is placed in the reservoir in the lower portion of

the hydrometer, the stopper is inserted, and the

instrument is placed in distilled water. The
specific gravity is read off on the scale.

Pycnometer.—In order to determine the spe-

cific gravity in very small quantities of urine,

such as are obtained by catheterizing the ureters,

or where an accurate determination is necessary,

the pycnometer offers the most satisfactory re-

sults. The only drawback is that the use of

this instrument requires a chemical balance sen-

sitive to fractions of a milligram.

A number of types of pycnometer bottles are

on the market, the most convenient of which is

shown in Fig. 129.

The bottle is cleaned and thoroughly dried,

then filled with distilled water. The thermome-

ter is then inserted, which drives the excess of

128. — Uri- fluid out of the side neck. The fluid is then

accurately adjusted to a mark engraved on the

side neck, by means of a narrow strip of filter

paper or a tapering pipette. The temperature

of the fluid is read off and the bottle is weighed. The distilled

Fig

nometer for
Small Quanti-
ties OF Urine.

(SaxeO

^ New York Med. Jour., 1903, vol. Ixxviii, p. 739.
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water is then removed, the bottle cleansed and dried and weighed

while empty. It is again filled with the urine to be tested, the

temperature brought to the same point as that

of the distilled water at the previous weighing,

and the weight again determined. The weight

of the urine is obtained by subtracting the

weight of the empty flask, and its specific gravity

by dividing the result by the weight of the water

as previously obtained.

If the weighings are all made at the same
temperature it is not necessary to repeat the

weighing of the distilled water and the empty
flask. These factors may be considered as con-

stant, the only element to be determined being

the weight of the urine, which should always be

brought to a standard temperature. In this

country it is convenient to assume a tempera-

ture of 18° to 20° C. as standard, though 15° C.

is frequently used in Germany.

The results are accurate to the fifth decimal,

while those obtained by the urinometer have an

error of at least one point in the third decimal.

The Westphal Balance.—A much more con-

venient method of obtaining accurate determi-

nations of the specific gravity of the urine and

also of the specific gravity of the blood by

Hammerschlag's method, and for the determi-

nation of the strength of solutions, is to use a

Westphal balance.

It consists of a support which can be levelled

and also adjusted in height, and a balance with

two arms of unequal length, one of which is divided into ten

parts by a series of notches. The small Reimann float, which

contains a thermometer to give the temperature of the fluid,

is hung on the hook at the end of the graduated arm and the

instrument adjusted by means of the screw at the foot until

the two pointers on the short arm coincide. The weight of

the thermometer, including the platinum wire suspending it, is

15 grams. Its bulk is so adjusted that it displaces 5 grams of dis-

tilled water at 15° C. To compensate the displacement due to

Fig. 129. — Pyc-
NOMETER Bot-

tle WITH Ther-
mometer.
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pure water, a large counter-weight of 5 grams is hung on the hook

just above the float. In distilled water at 15° C. the correctly

adjusted instrument should again assume a bal-

anced position. In urine it is necessary to add

riders to the beam in order to produce equilibrium

because of the greater density of the fluid displaced

by the float. The smaller riders are so arranged

that they weigh respectively 0.5, 0.05, and 0.005

grams. These are placed at various points on the

beam until the balance is in equilibrium. When
the two pointers coincide the position of the riders

is read off.

The rider weighing one-half a gram gives the

second decimal, the one weighing fifty milligrams

gives the third decimal, and the one weighing

five milligrams gives the

fourth when hung on

notch 1. When the

riders are placed on

notches along the beam
they indicate amounts

one-tenth less than when
hung on notch 1 . If, for

example, with a speci-

men of urine it is neces-

sary to put on rider No.

1 at the notch 1, and

17 ,o.^ T^ rider No. 2 at the notch
Fig. 130.

—

Rei-

MANN Float. 5, the specific gravity of the urine is 1.015. If the

rider No. 1 be placed at the notch 3, and rider No.

2 at the notch 9, the specific gravity is 1.039. Care should be

taken to bring the urine to the proper temperature or correct

by use of a table if the thermometer in the float does not indicate

15° C. The height of the instrument should be so adjusted that

the loop of wire sustaining the float is just immersed in the

fluid. Great care should be taken that the platinum wire and
the thermometer are clean and free from grease. The platinum
wire should be occasionally burned off in a Bunsen flame in

order to remove impurities, and the float cleaned by soaking in

a mixture of sulphuric acid and potassium bichromate.

Fig. 131. -Westphal Bal-

Simple form.
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This form of balance is much cheaper than an analytical
balance, and is convenient if a large number of accurate deter-

FiG. 132.

—

Westphal Balance.

minations are to be made for scientific purposes. For the clinician

the urinometer is sufficient.

The total solids in the urine to the liter can be roughly esti-

mated by doubling the last two figures of the specific gravity,

or, more accurately, by multiplying by 2.2. For small children

the factor is 1.6.

II!. CHEMISTRY OF THE URINE

GENERAL COMPOSITION OF THE URINE

The composition of the urine varies greatly, but the urine of a

healthy adult, about fifteen hundred c.c. in amount, will contain

approximately sixty grams of solids, of which the inorganic con-

stituents form about twenty-five grams, the organic about thirty-

five grams.

1. The inorganic substances are:
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Hydrochloric acid (HCl) , about 9 . 35 grams
Sulphuric " (H2SO4) 2.5

Phosphoric " (PA) 2.5 "

Nitric " (HNO3) 1.0 "

OxaUc " (C2H2O4) 10 to 20 mg.
Sodium (NagO) 7.9 grams
Potassium (KgO) 3.0

Ammonia (NH3) 0.7

Lime(CaO) 0.3

Magnesia (MgO) 0.5 "

Iron 1 to 2 mg.

2. The organic substances consist of

Urea, about 30 . grams
Uric acid 0.7 ''

Creatinin 1.0 "

Hippuric acid 0.7 "

Other organic substances amount to 2.3 grams, which is made
up of small quantities of

Purin bodies. Benzoic acid.

Oxaluric acid. Hydrogen sulphocyanide.

[ acetic. Phenol- and p-cresol-sulphuric acid.

Volatile fatty acids - formic. Pyrocatechin-sulphuric acid.

V butyric. Indoxyl-sulphuric acid.^

Lactic acid. Indoxyl-glycuronic acid.

Acetone. Skatol-carbonic acid.

Carbaminic acid. p-oxyphenylacetic acid.

Oxyproteic acid. p-oxyhydrocumaric acid.

Alloxyproteic acid. Oxymandelic acid.

Succinic acid. p-oxyphenyl-propionic acid.

Traces of carbohydrates. Pigments.

Traces of proteids. Ferments.

Glycuronic acid. Inosite.

Glycero-phosphoric acid.

3. Abnormal pathological constituents

:

Acetone—large quantities. Indoxyl in large quantities.

Diacetic acid. Alkapton.

/3-oxybutyric acid. Albuminous substances in consider-

Fatty acids—large quantities. able quantities.

Fats. Blood.

Lactic acid—large quantities. Melanin.

Cystin. Bile pigment.

Leucin. Bile acids.
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Tyrosin. Urobilin—large quantities.

Carbohydrates in large quantities. Cholesterin.

Phenol in large quantities. Lecithin.

Cresol in large quantities. Diamins.

Skatol-carbonic acid in large quan- Hydrogen sulphide,

titles.

THE CHLORIDES

The chlorides in the urine are derived from the food and are

present in larger amount than all the other inorganic salts com-
bined. The normal elimination of sodium chloride in the twenty-

four hours is generally considered from 10 to 15 grams. Steyrer^

gives 6 to 22 grams as normal limits in healthy persons on a full

diet. Lindemann,2 however, states that he has seen a daily ex-

cretion of only 0.8 to 0.9 grams of sodium chloride in healthy men.
These low figures, however, are not generally accepted.

If a person is put on a milk diet, or the amount of the mixed
diet is reduced, the chlorides are reduced in proportion to the re-

duction of the intake, but a limit is quickly reached owing to the

fact that the tissues and fluids of the body require about 0.5 per

cent, of NaCl to keep in osmotic equilibrium.

In normal persons the introduction and retention of large quan-

tities of sodium chloride are accompanied by a rapid increase of

several kilos in the body weight due to a corresponding retention

of water. If the amount of chlorides is then greatly reduced, the

water and the excess of salt will be excreted and the body weight

will return to its original amount. Experiments of this type show

that even in normal persons there is a marked variability in the

amount of water in the body, depending, it seems probable, largely

on the sodium chloride content of the tissues.

In starvation the amount of chlorine excreted is very small.

The best clinical example of such a condition may be seen in a

patient with a carcinoma of the stomach, causing stenosis of the

pylorus. Under these circumstances the intake of chlorine in the

food is greatly diminished and a portion of that taken in is vomited.

The urine in such a case may contain only a few centigrams in 24

hours. The amount of chlorine excreted under these circumstances

becomes an index of the amount of food absorbed.

1 Beit. z. chem. Phys. u. Path., Bd. ii, 1902, p. 318.

2 Deut. Arch. f. klin. Med., Bd. Ixv, 1899, p. 1.
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In general the chlorides in the urine are reduced in febrile

diseases, and especially those in which an exudate is formed, such

as acute pneumonia, or any condition in which there is an exudate

or transudate of any considerable bulk. In the exudate, for in-

stance, of a pleurisy with effusion, there is a large amount of sodi-

um chloride locked up in the fluid ; and as the body always needs

a certain amount, there is no excess to excrete in the urine. In

malaria, however, an increased excretion has been noted during

the chill.

In pneumonia, some observers consider that this simple

mechanical explanation of the method of the retention of the

chlorides is not entirely satisfactory, and Santini,i after the exam-

ination of a number of cases of acute pneumonia with especial

attention to the diminution of the chlorides in the urine, came to

the conclusion that the diminution appears shortly after the onset

of the fever, it has no prognostic value as to the severity of the

disease, and it is not dependent upon the extent of the inflam-

matory process in the lungs nor upon the height of the fever.

The chlorides of the blood rise in proportion to the fall of that

substance in the urine, which the writer explains by the assump-

tion that the chlorine enters into combination with nitrogenous

substances in the body which prevent its excretion by the kid-

neys. At the termination of the infection the nitrogenous sub-

stances are excreted in the form of urea, and the chlorine set free

appears again in the urine in the form of inorganic chlorides.

A severe diarrhoea will also reduce the amount of chlorides in

the urine, for all the excess is carried off in the exudation from the

bowel. As a pneumonia defervesces or an exudate is absorbed,

the excess of the sodium chloride over the needs of the body reap-

pears in the urine and very large amounts may thus be excreted

for several days. In both cases the presence of the increased

sodium chloride excretion is of prognostic and diagnostic value.

A continuous high secretion is seen chiefly in diabetes insipidus.

In nephritis it has been shown ^ that the oedema is largely the

result of an attempt of the body to dilute the chlorides which are

1 Santini : Riforma Med., 1903, p. 477.

2 Widal et Lemierre : Bull. Soc. Med. des hopitaux de Paris, 1903 ; Widal et

Javal : ibid., 1903 ; also Jour, de Phys. et Path, gen., vol. v, 1903, pp. 1106 and

1123 ; Vaquez et Laubry : Bull. Soc. M^d. des hopitaux de Paris, 1903, p. 1220;

Widal, Fromme et Digne : ibid., 1903, p. 1208.
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retained in the tissues owing to three factors: first, the imper-

meabiUty of the kidney to these salts ; second, the sluggish circu-

lation due to failure of the heart; and third, the combination of

the chlorides with organic molecules to form a compound of large

molecular weight, which renders its excretion difficult. The re-

sults of the determination of the conductivity of the blood in

nephritis suggest the latter possibility, as no rise is noted, though

the number of molecules is increased. Union of the salt with

albumin w^ould account for the non-conductivity of some of the

retained molecules.

In nephritis and also in heart disease, with broken compensa-

tion and oedema, a diminution of the intake of chlorides assists in

the removal of the oedema.

Qualitative Tests.—The tests for the chlorides are dependent

upon the formation of silver chloride on adding a solution of silver

nitrate to a urine previously acidulated with strong nitric acid.

This is to prevent the formation of silver phosphate. A 10 per

cent, solution of the silver salt is used, and an exactly similar test

is to be made on a normal urine as a control. Any reduction in an

amount sufficient to be of value in diagnosis can be made out by

the difference in the bulk of the precipitate of silver chloride formed

in the two test tubes. Albumin must be removed before applying

the test.

The qualitative determination of the chlorides in the urine by

the above method is usually amply sufficient for the practitioner

;

but where it is desired to obtain more accurate records of the

amount of chlorine excreted, the following simple titration method

will suffice to give fairly accurate results.

Quantitative Determination.—Mohr's Method.—The principle

of the test is that the chlorides are precipitated by the addition of

silver nitrate solution, using potassium chromate as an indicator.

Practically the precipitate consists solely of chloride of silver, the

insoluble phosphate of silver being formed only after the pro-

duction of orange chromate of silver. The strength of the silver

solution is conveniently so selected that 1 c.c. corresponds to 1 cen-

tigram of sodium chloride. Such a solution contains 29.06 grams

of pure fused silver nitrate or 18.449 grams pure silver to the liter,

and should be adjusted by titration against a weighed amount of

chemically pure and dry sodium chloride.

The technique of the process is as follows

:

29
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Ten c.c. of the urine, which must be freed from albumin/ are

measured out into an Erlenmeyer flask or into a porcelain capsule

and 100 c.c. of water are added, and then several drops of potas-

sium chromate solution, sufficient to produce a distinct yellow

color. The standard silver nitrate solution is then added from the

burette, stirring meanwhile until the reddish orange color which

appears first only at the point at which the drop falls into the solu-

tion, is distributed throughout the bulk of the fluid. The first

permanent trace of orange color is the end reaction. The first

titration gives only approximate results, and should be repeated

if especial accuracy is necessary. The number of c.c. employed,

multiplied by 0.01, gives the sodium chloride.
^

The results are always too high owing to the other silver com-

pounds which are formed on addition of silver nitrate to the urine,

but this error is not of great importance in clinical work.

Volhard's Method.^—For accurate determination of chlorides

in the urine, such as are necessary in experiments on metabolism

where the intake and the output of the chlorine can both be deter-

mined, the method of Volhard is the most satisfactory.

The solutions necessary are

:

1. A decinormal silver nitrate solution;

2. A saturated solution of ammonio-ferric alum;

3. Nitric acid of a specific gravity of 1.2;

4. A decinormal solution of potassium or ammonium sulpho-

cyanide."^

Ten c.c. of the urine, which has been freed from albumin, are

placed in a 100 c.c. measuring flask, 20 to 30 drops of nitric acid are

added and 2 c.c. of the iron alum solution. If the urine is very

dark, three or four drops of a concentrated potassium perman-

ganate solution should be added. On shaking, the color of the

fluid becomes pale yellow. An accurately measured amount of sil-

ver solution is then added, usually 30 c.c. is sufficient. The flask

is accurately filled to the 100 mark with distilled water, shaken

^ Instead of freeing the urine from albumin, 10 c.c. may be evaporated in a

platinum crucible with a small quantity of chlorine-free sodium carbonate and the

dried contents of the crucible ashed over a flame at a low heat and the residue ex-

tracted with dilute nitric acid and titrated as given above.

2 Zeit. f. prakt. Chemie, vol. ix, 1874, p. 217 ; Salkowski: Zeit. f. phys. Chemie,

Bd. i,1877, p. 16; also Bd. ii, 1878, p. 397, and Bd. v, 1881, p. 285.

^ See Appendix for method of preparation of these solutions.
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thoroughly, the fluid filtered, and 50 c.c. of the filtrate, corre-

sponding to 5 c.c. of urine, are pipetted off. The excess of silver

nitrate is determined by titration with the decinormal ammonium
sulphocyanide solution until a reddish color appears in the mixture.

The number of c.c. of sulphocyanide solution used is multi-

plied by 2 and subtracted from the number of c.c. of silver origi-

nally added. The number of c.c. remaining indicates the number
of c.c. of silver nitrate solution which have been precipitated from
the mixture as a chloride. One c.c. of a decinormal silver solution

is equivalent to 0.00355 grams of chlorine or 0.00585 grams of

sodium chloride. If, for example, 30 c.c. of ^/,o silver nitrate

were originally used to precipitate the urine and 10 c.c. of sulpho-

cyanide are required to neutralize the silver nitrate, which remains

in excess in the 50 c.c. of filtrate used, then 20 c.c. would have been

required for the 100 c.c. originally taken. Twenty c.c. of deci-

normal sulphocyanide solution is equivalent to 20 c.c. of -^/.o

silver nitrate; therefore the 10 c.c. of urine contains twenty times

0.00585 or 0.11700 grams of NaCl, and the total excretion should

be determined by multiplying by the number of c.c. passed in

twenty-four hours.

While the hydrochloric acid in the urine is combined with all

the bases present the results are usually expressed in terms of

sodium chloride.

It is generally more convenient to use instead of a decinormal

solution of silver nitrate, one which corresponds to an even amount
of sodium chloride; as, for example, a solution containing 29.06

grams to the liter, 1 c.c. of which corresponds to 0.01 grams of

sodium chloride. In such a case the strength of the sulphocyanide

solution must be correspondingly increased.

THE PHOSPHATES

The phosphates in the urine are, like the chlorides, derived

from the food, and undergo considerable fluctuations in normal

persons, dependent upon variations in diet. About two-thirds of

the phosphoric acid is in combination with the alkalies, sodium,

potassium, and ammonium, while the remaining third unites with

calcium and magnesium. Traces are found as glycero-phosphoric

acid. In chyluria a portion of the phosphorus content of the urine

is in the form of lecithin. A portion of the phosphoric acid is de-

rived from the oxidation of the nucleins of the food and of the body
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tissues, and therefore the excretion of phosphoric acid follows, to

a certain extent, that of the purin bodies. This is especially

noticeable in pneumonia and in leukaemia, in both of which con-

ditions there is an increased destruction of leucocytes, and, as has

been previously stated (see page 6) , these cells contain large quan-

tities of nuclein and a phosphorus-bearing substance, lecithin.

The normal excretion in the urine of healthy adults per day

may be considered as approximately 2.5 to 3 grams of P2O5, 5 to

10 decigrams escaping in the faeces. The amount in the urine

depends very considerably upon the nature of the food, a larger

amount of the phosphoric acid being excreted in the faeces if the

food contains much vegetable matter or lime salts. The insoluble

calcium phosphate, which is formed under these conditions, is not

reabsorbed by the intestine.

The amount of phosphates excreted is reduced in acute in-

fections and in chronic diseases in which the nutrition of the body

suffers, though an increased excretion has been noted in the insane.

The phosphates are increased in diabetes mellitus, but it must

be remembered that an apparent increase is often due to the large

proteid intake of these patients. According to a number of

observers the phosphate excretion is increased in the so-called

phosphaturia. Patients suffering from this condition pass urine

containing a heavy deposit of phosphates, and are usually the sub-

jects of nervous disorders, and frequently of sexual neurasthenia.

Whether it is justifiable to speak of the condition as phosphaturia

is still doubtful. So far as our present knowledge of the subject

goes, these patients do not regularly excrete an increased amount

of phosphoric acid. The diagnosis is usually based upon the

presence in the urine of a dense sediment of the phosphates of the

alkaline earths, but analyses do not show an increased amount of

phosphoric acid, merely a diminution in the acidity of the urine,

so that Leo ^ has even suggested that the name phosphaturia

should be replaced by alkalinuria.

It is far more likely that the nervous condition of the patient

incites the phosphaturia than that the phosphaturia is in any way
the cause of the nervous symptoms. Even under physiological

conditions, a cloudy urine owing to the phosphates is often passed

shortly after a heavy meal, especially if the food has been largely

1 Ueber Alkalinurie, Deut. Arch. f. klin. Med., Bd. bciii, 1902, p. 604.
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proteid in nature so as to require a large excretion of hydrochloric

acid for its digestion. The taking of large quantities of alkaline

carbonates, or fruit and vegetables which contain organic salts,

which can be oxidized into carbonic acid, is frequently followed

by the passing of urine containing large amounts of the earthy

phosphates. This passes unnoticed in healthy persons, but in

neurasthenic patients who examine their own urine, the condition

is more frequently brought to the attention of the physician. A
good many of these patients suffer from chronic constipation, and

in order to remedy this condition eat large quantities of vegetables,

which only increases the urinary symptoms. Such patients also

are often the subjects of hyperchlorhydria. The increased secre-

tion of hydrochloric acid in the stomach diminishes the gen-

eral acidity of the blood, and therefore of the urine. When the

combination of the acid and digested food is absorbed in the in-

testine the acidity rises and the urine again becomes acid. If,

however, such patients vomit, or have the gastric contents removed

by a stomach tube, the alkalinity is more permanent.

An increased deposit of phosphates is also found in the urine

in connection with acute or chronic inflammatory conditions of the

genito-urinary tract. The alkalinity of the urine is due to am-
moniacal fermentation of the urea by bacteria, and the marked
increase in the alkalinity causes the precipitation both of the

phosphates of the alkaline earths and of ammonium magnesium

phosphates. If the urine of such patients is tested for phosphoric

acid by titration, the amount will be found quite within the normal

limits.

Quantitative Determination of Total Phosphoric Acid.—The
solutions required are

:

1. Uranium nitrate solution of such a strength that 20 c.c. cor-

respond to one-tenth of a gram of phosphoric acid (P2O5).

2. A solution containing 100 grams of sodium acetate and 100

c.c. of a 30 per cent, solution of acetic acid (sp. gr. 1.04) or 30 c.c.

of glacial acetic acid. The mixture is diluted to 1,000 c.c.

3. A tincture of cochineal. This is prepared by digesting at

room temperature several grams of cochineal with 250 c.c. of a

mixture containing 3 parts of water and 1 part of strong alcohol.

In order to make up the standard solution of uranium nitrate,

44.78 grams of the salt are weighed out and dissolved in about 900

c.c. of water. To bring the solution to a proper strength it must be
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titrated against a standard solution of disodium phosphate. Ten
and eighty-five thousandths grams of this salt, which must be pure

and in the form of clear crystals, are weighed off on an accurate

balance and the solution diluted to a liter. Fifty c.c. of the solu-

tion, which contain 0.1 gram of P2O5, are measured off by a pipette

and placed in a beaker and 5 c.c. of the acetic acid mixture are

added, then several drops of the tincture of cochineal, and the

whole heated just to the boiling point. The uranium nitrate solu-

tion is then added until a faint greenish color is noted in the pre-

cipitate, which does not disappear when the mixture is stirred.

A second titration will give a more accurate result. If the ura-

nium solution is correct, 50 c.c. of the sodium phosphate should

require 20 c.c. of the uranium nitrate to produce the end reaction.

If less be used the uranium nitrate solution should be correspond-

ingly diluted. If, for example, 19 c.c. are required, it indicates

that to each 19 c.c. of the original solution 1 c.c. of distilled water

should be added; or, in other words, that 950 c.c. of the original

mixture should be diluted up to 1,000 c.c.

To estimate the phosphoric acid in the urine, 50 c.c. of that

fluid are mixed in a beaker with 5 c.c. of the acetate mixture, a few

drops of the cochineal added and the contents of the beaker heated

to boiling and titrated until a faint green color is noted. A second

titration is necessary to obtain accurate results. One c.c. of the

uranium nitrate solution is equal to 5 milligrams of P2O5, so that

the number of c.c. used, multiplied by 5, gives the milligrams of

phosphoric acid in 50 c.c. of the urine titrated.

THE SULPHATES

The sulphur in the urine is chiefly oxidized and excreted in two
forms, known as the preformed sulphates and the combined sul-

phates. ^ The sulphur in these sulphates is derived chiefly from the

oxidation of the proteid material of the food, and about nine-

tenths of it combines with the alkalies present in the body to form

the preformed sulphates, while the other tenth unites with sub-

stances of the aromatic group, chiefly indoxyl, cresol, phenol, and
pyrocatechin, to form the conjugate sulphates. The total sul-

phates excreted depend, therefore, upon the proteid intake; hence

they are more abundant in the urine of those eating large quanti-

^ The latter are also known as the ethereal or conjugate sulphates.
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ties of meat, and less so in the urine of persons whose food consists

largely of vegetables. The amount in 24 hours is from 2 to 3

grams of SO3. The ratio of 10 to 1 between the preformed and the

conjugate sulphates is ordinarily altered by the increase of con-

jugate sulphates under the following conditions. The decomposi-

tion of pus and absorption of the products so formed increases the

absolute amount of the ethereal sulphates. Any increase in in-

testinal putrefaction, whether due to intestinal obstruction or

diminution of the flow of bile, will increase the conjugate sulphates.

The absence or the increase of the hydrochloric acid of the gastric

juice will increase the conjugate sulphates, while diarrhoea will

diminish them, as a rule, and simple constipation have but little

effect. The amount of the conjugate sulphates is also greatly

increased after the administration of drugs containing any of the

aromatic groups, such as phenol, cresol, or resorcin, and also in

phosphorus poisoning. The ratio between the total nitrogen

excreted and the sulphates is fairly constant in health, as both

are chiefly derived from the proteid of the food. This ratio is

N:H2S04= 5 :1.

Tests.—Simple qualitative tests showing the presence of the

sulphates in the urine can be made by adding an excess of barium

chloride to a urine previously rendered strongly acid with hydro-

chloric acid. A cloud shows the presence of a soluble sulphate.

If the precipitate is filtered off and the filtrate boiled for a few

minutes, a fresh precipitation will be produced by the sulphuric

acid released by the hydrochloric acid from combination with the

aromatic radicals.

These tests are of no practical value, nor can any conclusions

of importance be drawn from the bulk of the sediments deposited

during these reactions. The only means of making accurate

estimations of the sulphates is by weighing the BaS04 formed

from a given bulk of urine.

Quantitative Determination of Total Sulphates.^—One hundred

c.c. of filtered urine are heated over a flame with 10 c.c. of hydro-

chloric acid. The mixture should boil gently for about ten min-

utes, then the flame should be removed, and 10 to 15 c.c. of a

previously heated solution of 10 per cent, barium chloride are

added. The whole is allowed to stand overnight in order to allow

^Salkowski: Practicum, second edition, p. 263.
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the barium sulphate to settle out. If the fluid does not clear

quickly, the mixture should be heated on a water bath until the

barium sulphate precipitate becomes granular and settles to the

bottom. The mixture is then slightly warmed and filtered through

a small ash-free filter about 9 centimeters in diameter, being care-

ful that all the precipitate is collected on the filter, if necessary by

means of a glass rod, with a bit of soft rubber tubing drawn over

the lower end. The filtrate must be perfectly clear ; if it is not, it

should be repeatedly returned through the filter. The clear filtrate

is tested by the addition of a few drops of sulphuric acid, to see

that there is an excess of barium chloride present. The pre-

cipitate is then washed with warm water until the wash water

gives no reaction with silver chloride. The filter is then filled

twice with absolute alcohol to remove pigment, especially indigo

blue, and once with ether. The filter and its contents are removed

from the funnel, folded and wrapped loosely with a platinum wire

and held over the mouth of a platinum crucible while the filter

paper is ignited by means of a flame and allowed to burn slowly."

The precipitate will then fall into the crucible, which should then

be heated for a few minutes while still covered, and then for about

five minutes longer with the cover off, until the contents are pure

white in color. The crucible is allowed to cool in a desiccator and

weighed. The difference between the original weight of the cru-

cible and the weight of the crucible plus the precipitate, gives the

amount of barium sulphate. The amount of sulphuric acid

(H2SO4) is obtained by multiplying the weight of BaS04 by 0.42,

that of SO3 by 0.3429.

Quantitative Determination of Ethereal Sulphates.—One hun-

dred c.c. of urine are mixed with 100 c.c. of an alkaline barium

chloride solution containing two volumes of baryta water and one

volume of 10 per cent, barium chloride solution. The whole is

stirred and filtered after a few minutes through dry filter paper

into a dry beaker. One hundred c.c. of the clear filtrate is meas-

ured off, acidified slightly with hydrochloric acid, then 10 c.c. of

concentrated hydrochloric acid are added and the determination

carried out as in the previous paragraph for the determination of

the total sulphates. In this case the preformed sulphates are re-

moved by the addition of the barium chloride mixture, leaving

the ethereal sulphates in solution. These are then broken up by
the heating with strong hydrochloric acid and the acid unites with.
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the barium salt to form BaS04. The weight of the barium sul-

phate, multiplied by 0.3429, gives the SO3. This subtracted from

the results obtained from the determination of the total sulphates

gives the amount of the preformed sulphates.

NEUTRAL SULPHUR

There is also a form of sulphur which is not oxidized and ap-

pears in the urine in combination, as sulphocyanides, thiosul-

phates, oxyproteic and alloxyproteic acids, taurin, taurocar-

baminic acid, and, more rarely, as cystin. The neutral sulphur

may form 10 to 15 per cent, of the total sulphur in the urine in

health. Inasmuch as the sulphur content of the albuminous sub-

stances of the food varies considerably, the nature of the proteid

taken in will alter somewhat the amount of neutral sulphur.

When there is any diminution of oxidation in the body, as in

phosphorus, arsenic, or alcohol poisoning, the neutral sulphur is

increased, owing to the diminution in the oxidizing power of the

tissues. The excretion of neutral sulphur is also increased in

hunger and in pneumonia. An increased excretion has been

noted in icterus, owing to the absorption of the sulphur com-
pounds from the bile, and occasionally in cirrhosis of the liver

with marked jaundice. The study of the excretion has as yet fur-

nished no facts of clinical importance.

Determination of Neutral Sulphur.—Fifty c.c. of the urine are

evaporated in a platinum dish and mixed with 5 grams of potas-

sium nitrate and 5 grams of sodium carbonate. The mixture is

then fused, using an alcohol lamp to avoid contamination by the

sulphur content of the ordinary gas flame. The mass is dissolved in

water, poured into a flask, the crucible washed out and the wash-

ings added to the contents of the flask. One hundred c.c. of

hydrochloric acid are added and the mixture is heated until the

development of gas has entirely ceased. The contents of the flask

are then poured into a porcelain dish, evaporated to dryness, 100

c.c. of hydrochloric acid added and the mixture again evaporated.

This operation is repeated once. The residue is dissolved in water,

filtered to remove the silica, heated to the boiling point, and 10 c.c.

of hot barium chloride solution are added. The barium sulphate

is collected and weighed, and the difference between this result and

the result obtained by determination of the total sulphates gives

the amount of neutral sulphur contained in the 50 c.c. of urine.
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THE OXALATES

From 10 to 20 milligrams of oxalic acid per day are excreted

in the urine under ordinary circumstances, though the amount

may occasionally reach 50 milligrams. A portion of the oxalates

in the urine is derived from the food, while the remainder is formed

in the body by a little-understood process of metabolism. Not all,

however, of the oxalic acid taken in in the food is excreted as

such. The greater portion is probably destroyed by the action

of the intestinal bacteria, for a number of the commonly used arti-

cles of diet^ contain as high as 0.3 per cent, of oxalic acid, so that

a very few grams of such food would furnish the amount found in

the urine. A considerable portion of the acid ingested escapes in

the faeces in the form of calcium oxalate.

Calcium oxalate crystals are often found in the urine of persons

suffering from gastro-intestinal disturbances, sometimes in con-

nection with increase of indoxyl in the urine, occasionally with no

increase in that substance but with exaggerated excretion of the

aromatic sulphates.

The older writers laid great stress on the clinical symptoms of

this so-called oxaluria. Among these symptoms were headache,

lassitude, mental depression, digestive disturbances, loss of appe-

tite, flatulence, constipation, etc. Recent studies of the excretion

of oxalic acid in disease have not confirmed these views, which

were based largely upon the connection of these symptoms with

the appearance of calcium oxalate in the urine.

It has been shown ^ that urine in which a noticeable number of

calcium oxalate crystals can be demonstrated microscopically,

contains about 25 milligrams of oxalic acid to the liter, that is

a practically normal amount, while those urines which show no

such deposit rarely contain more than 10 milligrams. In other

words, abundant crystals can appear in the urine without an ex-

cessive excretion of oxalic acid. Fiirbringer "^"^ has also called

attention to the fact that a specimen of urine may contain a large

amount of oxalic acid in soluble form without a sediment of cal-

cium oxalate crystals being formed on standing.

^ Among these foods are spinach, rhubarb, figs, cocoa, tea, coffee, pepper, green

peas, plums, tomatoes, and strawberries.

2 Dunlop : Jour, of Path, and Bacteriology, 1896, vol. iii, p. 389.

3 Deut. Arch. f. klin. Med., Bd. xviii, 1876, p. 143.
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Baldwin ^ has been able to develop an experimental oxaluria

in animals by feeding large quantities of glucose together with

meat. This experimental oxaluria is associated with mucous gas-

tritis and absence of hydrochloric acid in the gastric contents.

The oxalic acid is formed by fermentation of the carbohydrates in

the stomach. The symptoms usually considered as due to oxaluria

are rather an expression of poisoning due to the absorption of

putrefactive products from the intestine.

Large quantities of oxalic acid are occasionally passed by dia-

betic and obese persons, but only as a rare phenomenon,^ the

pathology of which is as yet unknown.

The chief interest connected with the presence of calcium

oxalate crystals in the urine is, therefore, not that they show
presence of a disordered metabolism, but in the possibility that

such crystals may form calculi in some portion of the genito-

urinary tract.

Quantitative Determination of Oxalic Acid.^—Five hundred c.c.

of unfiltered urine are evaporated over a small flame to about 150

c.c. Twenty c.c. of concentrated HCl are added and the mixture is

shaken out three times, using 200 c.c. of ether, containing 10 per

cent, of alcohol. The 600 c.c. of the ethereal extract are carefully

separated from the aqueous residue and filtered through dry paper

into a dry flask. The ether is distilled off and the residue poured

into a porcelain dish. The flask is rinsed out with alcohol and

water and these washings added to the contents of the dish. Some
water is added and the whole warmed over a bath until no odor of

ether or alcohol can be noticed. The remaining fluid (about 20

c.c.) is filtered, rendered slightly alkaline with ammonia, and 2 c.c.

of a 10 per cent, calcium chloride solution are added. Acetic acid

is then added to a faint acid reaction. Calcium oxalate separates

out and is collected on a small, ash-free filter, washed with water,

dried and strongly ignited. The weight of the CaO obtained, mul-

tiphed by 1.6, gives the amount of oxalic acid. The residue of CaO
should not give off CO2 when dissolved in HCl, nor should a pre-

cipitate be produced by ammonium molybdate (phosphoric acid).

^ Jour, of Experimental Medicine, vol. v, 1900, p. 27.

^Naunyn: Diabetes Mellitus, Nothnagel's Handbuch d. Spec. Path., Bd.

vii, p. 174, Wien, 1898; Mohr u. Salomon, Deut. Arch. f. klin. Med., Bd. Ixx, 1901,

p. 486.

^ Salkowski : Practicum, p. 254.
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Autenrieth and Barth ^ have suggested precipitating the oxalic

acid directly in the fresh urine by an excess of CaCl2 and NH3,
and after allowing the mixture to stand for twenty hours, collect-

ing and dissolving the precipitate in concentrated HCl. This

solution is then to be shaken out with ether as above.

Baldwin has found that a somew^hat simpler method gives

satisfactory results. Five hundred c.c. of the twenty-four hours'

specimen are mixed with 150 c.c. of 95 per cent, alcohol in order to

precipitate the calcium oxalate. The mixture is set aside for

forty-eight hours, and then filtered, care being taken to remove the

crystals from the walls of the beaker by a rod, the tip of which is

protected by a rubber tube. The sediment is washed thoroughly

with hot water and 1 per cent, acetic acid. The filter is then placed

in a small beaker and soaked in a few c.c. of dilute hydrochloric

acid. The filter is then washed with hot water until there is no

further acid reaction, and the washings are collected and evapo-

rated to 20 c.c. A little calcium chloride solution is added to insure

an excess of calcium. The hydrochloric acid is neutralized with

ammonia, and then the solution is rendered slightly acid with acetic

acid. Strong alcohol is added in an amount equal to one-half the

volume of the fluid, and the whole is set aside for another forty-

eight hours. The sediment of calcium oxalate is collected on an

ash-free filter, washed with cold water and 1 per cent, acetic acid

until free from chlorides, the filter is incinerated, cooled and

weighed. The ash is calcium oxide, each gram of which represents

1.6 gram of oxalic acid.

AMMONIA

The urine of an adult in good health and on a mixed diet con-

tains from 0.6 to 1.2 grams of ammonia in twenty-four hours. The
ratio between the total nitrogen and the nitrogen derived from the

urinary ammonia is fairly constant on a mixed diet, and is about

one hundred to five or six. Both factors are increased when the

diet is largely composed of meat, and diminished with a purely

vegetable diet, but these changes are slight and variable. A
moderate amount of fat does not change the NH3 ratio, but large

amounts cause a marked increase. The action is probably due to

the large amount of acid split off from the fats, which combines

with the ammonia of the body and thus increases the NH3 in the

' Zeit. f. phys. Chem., Bd. xxxv, 1902, p. 327.



CHEMISTRY OF THE URINE 437

urine. At the same time the acetone of the urine is increased and
even diacetic or /8-oxybutyric acids may be present.^ As soon as

sufficient carbohydrate is added to the food the abnormal acids

disappear from the urine.

An evidence of the correctness of the theory that an ex-

cessive acid production is at the base of this phenomenon is the

fact that a marked increase in the ammonia ratio can be induced

much more easily in chronic liver diseases by the administration of

large quantities of fat than is possible in normal persons.^

In acute gastro-enteritis, especially in children, where there is

an increased acidity of the tissues and the acetone group of sub-

stances are found in the urine, the ammonia nitrogen factor is

greatly increased, rising occasionally to 40 per cent, of the total N.

In acute infectious diseases, also, the ammonia is often increased.

The increase in the NH3 ratio is noted, however, much sooner

than the appearance of increased amounts of acetone. The same
conditions are noted in diabetes, when the body fluids contain an

excess of acids which have been shown to be derived from the fat

of the tissues or the food.^ The daily excretion under these con-

ditions may reach 12 grams of NH3.

The ammonia ratio is reduced when the secretion of HCl in the

stomach is reduced, while it is increased in cases of hypersecretion,

but this is true only in persons in approximately normal condi-

tions, for other factors enter when the metabolism of the organ-

ism is greatly disturbed. For example, the ammonia ratio is high

in starvation and in benign or malignant stenosis of the pylorus,

though in this case the HCl secretion may be diminished. Large

doses of fixed alkalies diminish the ammonia ratio.

In diseases of the liver, especially cirrhosis, an increase in the

ammonia ratio is often, though not always, observed, which in

some cases seems to be due to interference with the normal proc-

ess of urea synthesis, and in others to a moderate acidosis of the

fluids of the body, for the NH3 can be reduced to normal limits by

the exhibition of large doses of alkalies.

Quantitative Determination of the Ammonia in the Urine.—
Schidsing Method.—Twenty-five c.c. of urine are placed in a small

crystallizing dish, and another small dish, filled with 10 c.c. of

^Gerhardt u. Schlesinger : Arch, f. exp. Path, u. Pharm., Bd. xlii, 1899, p. 107.

2 Schittenhelm : Deut, Arch, f, klin. Med., Bd. Ixxvii, 1903, p. 517.

3 Magnus-Levy : Arch. f. exp. Path. u. Pharm., Bd. xlv, 1901, p. 389.
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decinormal sulphuric acid, is suspended over the other on a small

wire triangle; 25 c.c. of milk of lime (containing twelve parts of

water to one part of lime) are mixed with the urine, and the whole

covered with a glass globe with ground edges, which makes an air-

tight joint with a ground glass plate. An ordinary desiccator may
also be used. In three days the acid is washed out of the dish and

titrated with decinormal sodium hydrate, using phenolphthalein.

The ammonia is evolved by the action of the lime and absorbed

by the acid. The difference in c.c. between the amount originally

placed in the jar and the quantity remaining which is not neu-

tralized, gives the amount combined with the ammonium hydrate.

One c.c. of a decinormal ammonia solution contains 0.0017 gram
of ammonia. If the washings from the glass bell jar are alkaline,

they should be added to the acid and titrated with it.

The objection to the Schlosing method for ammonia is the

amount of time which is required before the results can be obtained.

Method of Nencki-Steyrer.—A more rapid and accurate method

is as follows: ^ Twenty to thirty c.c. of the perfectly fresh urine,

depending upon its concentration, are placed in the flask A (Fig.

Fig. 133.

—

Apparatus for the Determination of Ammonia. (Steyrer.)

133). The flask is then closed by a double perforated cork carry-

ing a dropping funnel, T, and a long tube, C, which is drawn out

at its lower end to a fine opening. C is connected with a wash

1 Steyrer : Beit, zur chem. Phys. u. Path., Bd. ii, 1902, p. 312.
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bottle containing sulphuric acid, and the stream of air which flows

through is regulated by the cock R. In the flask B is placed one-

fourth normal sulphuric acid, which is kept cool with ice-water.

Tube ^ is so bent that it reaches the bottom of the flask and is cov-

ered by the acid. At D it is joined with a tube from the flask A by
means of a heavy, tightly fitting rubber cylinder. The bulb S is

used to prevent any spurting over of the sulphuric acid. S may
be directly connected with the water pump, or, as shown in the

figure, may run into a Wolff bottle to collect any acid which may
spurt over. Fifty c.c. of milk of lime is allowed to run from the

funnel into the urine in flask A. T is immediately closed and the

pump is started. R then is so regulated that while some air is

admitted, yet the vacuum remains at from 18 to 25 mm. of mer-

cury. A is then warmed with a water bath to about 36° C. At
this temperature and pressure the fluid soon boils , and any bump-
ing is prevented by the air stream through the tube C. In the

course of an hour all the ammonia is distilled into the acid in

flask B. As soon as the distillation is completed the bulb S is

washed out into B with distilled water and the acid titrated with

one-fourth normal sodium hydrate to determine the amount used.

Some alcohol should be mixed with the milk of lime when the urine

contains albumin, as foaming is to a certain extent prevented by
this admixture.

IRON IN THE URINE

The older methods for the determination of iron in the urine

have furnished results which are much too high, and it is only

recently that a satisfactory method has been devised by which accu-

rate results may be obtained. Hoffman ^ has reviewed the subject

and finds as a result of his own more recent determinations that the

amount excreted in twenty-four hours may be considered as about

1 milligram. The normal fluctuations may be between 0.5 milli-

gram and 1 .7 milligram. Neumann and Mayer have found that the

average amount does not vary so widely as Hoffman supposes.

Their determinations show a fluctuation of only 0.2 of a milligram.

In pathological conditions an increase may be noted in the iron

excreted, especially in fever, when it may rise to 2 milligrams, in

cirrhosis of the liver, when the amount varies, but may run as

1 Zeit. f. anal. Chemie, Bd. xl, 1901, p. 74.
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high as 2 milUgrams, and in cases of glycosuria, where the excre-

tion may reach* 1.5 to 6 milUgrams , the latter amount being

observed in a case of carcinoma of the pancreas. These results

agree with those of Damaskin/ who gives 2.2 milligrams for the

excretion in diabetes, and of Hoffman, who gives 3.7 milligrams as

an average excretion in these conditions. The iron excretion is

roughly proportional to the amount of sugar, which points to the

probability that the sugar may be partly derived from the splitting

of some of the nucleins of the body, which contain notable quan-

tities of iron.

Mayer, in a more recent article,^ by using improved methods,

has found that in chlorosis, while there is a diminution in the

amount of iron in the blood, there is an increase of the iron ex-

creted in the urine up to 2.7 milligrams. A similar increase has

been observed in other forms of anaemia and in leukaemia.

He considers that one may assume that 0.0516 per cent, may
be taken as an average amount. This varies considerably from

the figures given by Jolles,^ which were 0.0486 per cent., and by

Hadlik,^ and from the later figures of Jolles and Winkler,^ where

the average is 0.05756 per cent.

Quantitative Determination of Iron in the Urine. (Method of Neu-

mann.^)—The reagents required are:

1. A standard solution of ferric chloride which contains 2 centigrams

of iron and 2 c.c. of concentrated hydrochloric acid (sp. gr. 1.19) to the

liter. The solution is made by dissolving iron wire in the acid, and can

be preserved unchanged for a long time in a dark-colored bottle.

2. Thiosulphate solution containing 1 gram of sodium thiosulphate

and 1 gram of ammonium carbonate dissolved in a liter of water. The

solution should be kept in a brown bottle.

3. Starch solution, made up by dissolving 1 gram of starch in a half

a liter of boiling water. The heating should be continued for about ten

minutes in order to complete the solution of the starch.

4. Zinc reagent, which is made up by dissolving 25 grams of iron-

free zinc sulphate and 100 grams of sodium phosphate in separate amounts

of water and mixing the solutions in a liter measuring flask. The pre-

^ Arbeiten a. b. pharm. Institut, Dorpat, Bd. vii, 1891, p. 40.

2 Zeit. f. klin. Med., Bd. xlix, 1903, p. 475.

3 Dent. med. Woch., 1897, p. 10.

*Wien. klin. Woch., 1898, p. 4.

6 Arch. f. exp. Path. u. Pharm., Bd. xliv, 1900, p. 464.

"Zeit. f. phys. Chemie, Bd. xxxvii, 1902, p. 115.
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cipitate of zinc phosphate is just dissolved by the cautious addition of

dilute sulphuric acid, and the solution should be filled up to a liter.

Blank experiments should be carried out with all these solutions in

order to determine whether they are free from iron.

Inasmuch as the thiosulphate solution does not keep, its titer must

be determined quite frequently, in the following manner.

Ten c.c. of the ferric chloride solution is mixed in a flask with some

water, a few c.c. of starch solution, and about a gram of potassium iodide.

The whole is warmed to about 60° C, and titrated with the thiosulphate

solution until the blue color passes into violet, and then just disappears.

The number of c.c. of thiosulphate solution corresponds then exactly

with 2 miUigrams of iron. In a few minutes the solution again shows a

faint violet color.

Five hundred c.c. of the urine to be tested is mixed with 50 c.c. of

concentrated sulphuric acid and the acidified urine allowed to fall drop

by drop into a Jena flask, containing 30 c.c. of concentrated nitric acid.

The addition of the urine should take place at such a speed that when the

fluid is boiUng strongly the volume in the flask does not exceed 100 c.c.

The whole mixture is concentrated to 50 c.c. and mixed with 10 c.c. of

equal parts of concentrated sulphuric a id and nitric acid. The whole

is gently heated until the fluid show merely a faint yellow color. Three

volumes of water are added and the whole is boiled for about ten minutes,

a brownish vapor being given off on decomposition of the nitrosyl sul-

phuric acid. The solution is then mixed with 20 c.c. of the zinc reagent,

and, after cooling with ammonia until th white precipitate which falls

is permanent, a sUght excess of ammonia is added to dissolve the pre-

cipitate and the fluid heated to the boiUng point. The crystalline deposit

which may be formed is separated from the fluid by decantation, and the

hot fluid is passed through a small filter, and the filtrate tested with hydro-

chloric acid and potassium sulphocyanide. If a strong red color is pro-

duced, the filtrate must be poured back into the flask and again heated.

If the amount of iron is very small, 10 c.c. of the standard iron solution

should be added and afterwards 2 milligrams of iron subtracted from
the final result.

The precipitate in the flask is now washed three times with hot water
and the excess decanted, the wash water being tested by the addition of

a crystal of potassium iodide, some starch solution and a drop of hydro-
chloric acid, when no violet should be produced,—an evidence that no
nitrous acid is present. The precipitate is then transferred to a flask and
dissolved in a small quantity of hot dilute hydrochloric acid. It is then

ready for titration with the thiosulphate mixture in exactly the same
manner as is given above for standardizing the thiosulphate solution.

30
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AROMATIC BODIES

PHENOL AND CRESOL

These two bodies are excreted in the urine as ethereal or con-

jugate sulphates and glycuronates, and give practically the same

reactions. They are increased under much the same conditions as

indoxyl, although the excretion may not run parallel to that of the

indoxyl. The clinical importance of the tests for phenol are

chiefly in connection with absorption from carbolized dressings

or in detecting poisoning due to the taking of phenol by mouth,

either in dilute form or in drugs, such as salol, which contain

phenol.

Tests.—To test for phenol in the urine add strong nitric acid

and boil. The urine will give an odor of bitter almond oil. After

the contents of the test tube have cooled, the addition of bromine

water will cause the formation of a precipitate of tribromnitro-

phenol. If a portion of the original test be rendered strongly

alkaline with NaOH, the color will become an orange red from the

formation of the sodium compound of nitrophenol. For other

tests it is necessary to distil the acidulated urine and apply the

tests to the distillate. Hydrochloric acid is to be used in acidu-

lating.

a. On the addition of a small quantity of ferric chloride to the

distillate the solution becomes a deep amethyst blue color. This

same reaction is given by many phenol derivatives—for example,

salicylic acid.

b. Heating the distillate with Millon's reagent gives a red color

if phenol is present.

c. The addition of bromine water causes the formation of a

gelatinous precipitate of monobromphenol, which has a very pene-

trating odor; further addition of bromine causes the formation

of a yellowish-white precipitate of tribromphenol. The latter

reaction can be used for quantitative purposes.

Quantitative Estimation of Phenol.—Two hundred c.c. of urine are

acidulated with 25 c.c. of sulphuric acid and distilled until 100 c.c. have

passed over. Bromine water is added and the precipitate is allowed to

stand for forty-eight hours, collected on a filter, dried in the dark, and

weighed. The weight obtained multiplied by 0.283 gives the amount
of phenol and cresol present in terms of phenol.
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Quantitative Determination of Phenol according to Kossler and Penny.^

—Five hundred c.c. of urine are evaporated to about 100 c.c, great

care being given to keep the reaction alkaUne. The concentrated urine

is transferred to a distillation flask, 25 c.c. of sulphuric acid are added
and the contents are distilled. As soon as the fluid in the flask begins

to bump, it should be diluted with distilled water and the distillation

repeated. The process should be repeated five or six times. The distillate

is thoroughly shaken up with calcium carbonate, in order to neutralize

the formic and nitrous acids present, and the fluid again distilled. This

second distillation should be repeated several times.

The distillate is then collected in a large flask. A solution containing

1 gram of sodium hydrate and 6 grams of lead acetate is added, and the

whole heated for about fifteen minutes on a water bath, and finally boiled

with an ascending condenser until a few c.c. of the distillate will not

reduce ammoniacal silver solutions. This ordinarily requires about five

minutes. Longer heating is to be avoided.

Phenol remains as a basic lead phenate, while the other substances

which are capable of reacting with iodine pass off. The contents of the

flask are then strongly acidified with dilute sulphuric acid and the phenol

is distilled off, replacing the water twice. An aUquot part of the measured

distillate is treated with decinormal sodium hydrate containing no nitrites

until a strong alkaline reaction is obtained. The fluid is then warmed in

hot water and a decinormal iodine solution is added, usually about 15 to

25 c.c. more than the number of c.c. of sodium hydrate used. The flask

is then stoppered and shaken thoroughly. After the mixture is cooled

it is again acidified and the free iodine is retitrated with a decinormal

sodium thiosulphate solution, until the color changes from violet to red,

using starch paste as an indicator. One c.c. of decinormal iodine solution

corresponds to 1.567 milligrams of phenol or 1.802 milligrams of cresol.

INDOL

Indol, when absorbed in the circulation, is oxidized and ex-

creted in the urine in the form of the potassium salt of indoxyl

sulphate, and the tests for this substance are given under the head-

ing of indoxyl. A small amount of the indoxyl may appear as a

conjugate compound with glycuronic acid. The tests for indol in

substance are chiefly of use in examining urine for possible faecal

contaminations, such as may occur with a recto-vesical fistula.

1. Indol gives the LegaFs reaction. When a solution is

treated with a few drops of sodium nitroprusside and a little

NaOH, a deep violet color is produced, and when acidulated with

1 Zeit. f. phys. Chemie, Bd. xvii, 1893, p. 117 ; also, Bd. xxvii, 1899, p. 123.
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acetic acid the color changes to an azure bkie. The reaction gives

about one part in 50,000 of indol.

2. Cholera-red reaction. The fluid containing indol is mixed

with a few drops of very dilute sodium nitrite solution and layered

over sulphuric acid. A purple color is produced at the point of

contact, and a diffuse pink on shaking the contents of the test tube.

If the fluid is neutralized with NaOH the color changes to a blue-

green.

3. If a cold saturated watery solution is acidulated with nitric

acid and a few drops of a freshly prepared sodium nitrite solution,

there is formed a brick-red precipitate of nitrosoindol. Very dilute

solutions show only a faint red, but if they are shaken out with

chloroform a red layer will separate at the point of contact of the

chloroform with the watery solution. The test shows one part of

indol in 200,000.

4. Ehrlich's ^ reaction for indol. The substance to be tested

is rubbed in a mortar with about 10 c.c. of absolute alcohol and the

extract is shaken with 1 c.c. of a 5 per cent, alcoholic solution of

dimethyl-amido-benzaldehyde and some fuming hydrochloric acid.

A red color indicates the presence of indol in larger amounts than

one part in 400,000. The color can be extracted by amyl alcohol

or chloroform and gives a broad absorption band to the right of D.

SKATOL

Skatol, after absorption from the intestine, is excreted in the

urine as skatol-carbonic acid, and possibly also as indoxyP under

the same conditions as those governing the presence of indol.

There are no very definite tests for skatol, the simplest being a

purple-red color produced in urine while doing the indican test,

especially if the mixture be warmed with two volumes of concen-

trated HCl. This color can not be removed by shaking the urine

with chloroform, but it is extracted by means of amyl alcohol, and

gives an absorption spectrum with two bands, one in the red, the

other in the green. It is especially abundant in the urine of per-

sons suffering from tuberculous ulceration of the intestines, or

from carcinoma of the stomach or intestine, and also in pneu-

^ Ehrlich: Med. Woche, 1901, p. 151.

2 Maillard : L'Indoxyl Urinaire, Paris, 1903.
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monia, but, as a rule, only in small amounts in the intestinal

diseases in which indoxyl is increased.

Tests for Skatol-carbonic Acid.—In order to obtain satisfactory

tests for skatol-carbonic acid, it is necessary to isolate from several

liters of urine a sufficient quantity to give marked reactions. The

residue, after e\ aporation of the urine, is extracted with absolute

alcohol. The residue which remains after this extraction is dis-

solved in water, acidulated with sulphuric acid, and shaken out

with ether. The ethereal solution is shaken with a solution of

sodium carbonate, which extracts the skatol-carbonic acid. This

alkaline solution is then evaporated and again extracted with

absolute alcohol. The alcoholic extracts are evaporated to about

100 c.c. and mixed with ether. The filtered solution is evaporated

and again extracted with ether after acidulation with hydrochloric

acid. The ether is evaporated and the residue dissolved in water.

The aqueous solution is tested as follows

:

1. A small amount mixed with a couple of drops of pure nitric

acid, specific gravity 1.2, and several drops of potassium nitrite

solution gives a cherry red color with separation of the red color-

ing matter, which is soluble in amyl alcohol, with an absorption

band in the green.

2. The same test, except that instead of potassium nitrite a

one per cent, chloride of lime solution is used, when, if skatol is

present, the mixture gradually assumes a purple-red color, with the

separation of a precipitate of a similar color.

3. Obermayer's reagent, especially on warming the mixture

containing the skatol-carbonic acid, gives rise to an intense red-

dish violet color which is insoluble in chloroform and soluble in

amyl alcohol.

These tests have no diagnostic value apart from that given by

indoxyl.

INDOXYL (iNDICAN)

The action of the intestinal bacteria upon the proteids of the

food results in the formation of indol, a fact which can be easily

verified by testing an extract of the faeces or a broth culture of the

colon bacillus. Indol is also produced by the putrefaction of the

proteids which goes on in the fluid of an empyema or the cavity

of a gangrenous lung. The indol so formed is absorbed by the
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blood and oxidized, possibly in the liver/ to indoxyl, which com-
bines with sulphuric acid to form the so-called ethereal or conjugate

sulphates, and in this form is excreted in the urine.

Not all the indoxyl is produced by bacterial action, but a small

quantity is probably formed during the breaking down of the body
proteids, especially during fever or sepsis .^

It is present in small quantities, usually not over 15 milligrams,

in the urine of healthy adults, but those who consume large

quantities of meat may excrete 60 milligrams. It appears in

increased quantities in any condition which permits an increased

putrefaction in the intestines and aids in the absorption of the

indican so formed ; hence its great abundance in the urine of

patients suffering from intestinal obstruction, whether due to

mechanical constriction of the gut or to the paralysis of the bowel

which accompanies acute peritonitis.

It is also present in the urine of typhoid fever patients, espe-

cially after a haemorrhage or perforation of the intestines, and in

persons suffering from any form of gastro-enteritis. It is in-

creased in the so-called intestinal indigestion, or ''biliousness,"

and moderate amounts appear in the urine when the secretion of

hydrochloric acid is either diminished or increased in the stomach

by disorders of that organ. A slight increase over the normal

may be noted in many conditions with which it seems to have no

symptomatic connection, and merely indicates a slightly increased

putrefaction in the lumen of the small intestine.

Obstruction of the colon near its lower end, or simple consti-

pation, does not noticeably increase the amount of indoxyl ex-

creted. Cases have been seen where no movements have taken

place for three or four days without marked indoxyluria being

produced.

The diagnostic value of an increased excretion of indoxyl is

seen chiefly in connection with the diagnosis and the treatment of

the milder forms of intestinal disturbance, which are functional

rather than organic, and which make themselves known by the

symptoms classed together under the expression ''biliousness."

It has been found experimentally that part, at least, of the lassitude

^ Hervieux : Jour, de Pliys. et Path, gen., vol. vi, 1904, p. 426.

2 Blumenthal u. Rosenfeld : Charite Annalen, Bd. xxvii, 1903, p. 46. See, how-

ever, Scholz (Zeit. f. phys. Chemie, Bd. xxxviii, 1903, p. 513), who has been unable

to find an increase in indican due to breaking down of the body tissues.
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and headache which accompany this condition can be produced

by the administration of small doses of indol or indoxyl to healthy

persons.

Calculi made up of indigo have been described/ and occasion-

ally in the sediment of urine undergoing alkaline fermentation

small masses of indigo may be found. These usually result from

the breaking up of a compound of indoxyl, in which glycuronic

acid takes the place of the sulphuric. This is present in very

small quantities, and is much more easily decomposed than the

indoxyl-sulphuric acid during the alkaline decomposition of the

urine. In the Obermayer's test this compound is also broken up

and the indigo formed reacts with that due to the sulphuric acid

body.

Qualitative Tests for Indoxyl

The tests for indoxyl are based upon the decomposition of the

sodium or potassium compound of the indoxyl-sulphuric acid

present in the urine by strong hydrochloric acid and oxidizing the

indoxyl thus set free by a suitable reagent.

The combination usually selected is that known as Ober-

mayer's reagent, and is composed of strong hydrochloric acid of

a specific gravity of 1.19, to which has been added two parts to

the thousand of ferric chloride. This forms a fuming yellow liquid,

which keeps indefinitely.

The urine is preferably precipitated with a small amount of a

solution of lead acetate or subacetate, avoiding an excess, and

filtered. This removes the pigment, which otherwise forms an

emulsion with the chloroform used to extract the indigo from the

mixture, and prevents the recognition of the blue color produced

in the chloroform by the dissolved indigo.

Fifteen c.c. of the filtered urine are mixed with an equal bulk

of Obermayer's reagent and about 2 c.c. of chloroform is added.

The tube is then corked or the finger is protected by means of

a small piece of sheet rubber or a rubber cap, and the vessel

containing the mixture slowly inverted, not violently shaken.

1 Ord: Berl. klin. Woch., 1878, p. 365. Chiari : Prag. med. Woch., Bd. xiii,

1888, p. 541. Weber : Lancet, vol. ii, 1901, p. 774. Stockman : Edinb. Med. Jour.,

vol. xii, 1902, p. 115. (Both of these papers are largely devoted to the differ-

ential tests between indigo blue and methylene blue when excreted in the urine.)
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Usually the chloroform will immediately take on a dark blue,

which is deeper in proportion to the amount of indoxyl present,

but it may be necessary to allow the whole to stand for a short

time to allow for the complete oxidation of the indoxyl by the

ferric chloride.

Normal urine gives a very faint blue by this method; any

increase is indicated by a deep blue tint in the chloroform.

Other oxidizing agents may be used, such as hydrogen peroxide,

ammonium persulphate, or a strong solution of bleaching powder,

or a very small quantity of strong nitric acid, first mixing the urine

with an equal bulk of HCl ; but with all these reagents great care

is necessary to avoid overoxidation of the indigo and the pro-

duction of indigo red, in which case the presence of indoxyl may
be entirely overlooked.

After large doses of codeine a purple-red color is often observed

during the course of the test which obscures the blue of the in-

doxyl.

If the urine contains iodine, the chloroform will be colored an

intense carmine, and the blue due to small quantities of indoxyl

will be entirely obscured. In this case it is necessary to add to

the test tube, after the reaction has been obtained and the excess

of hydrochloric acid decanted and replaced by water, a small

quantity of a strong solution of sodium thiosulphate (hyposul-

phite). The tube is again shaken up, and when the chloroform

has again settled to the bottom of the mixture, the red due to

the iodine will have disappeared and the blue of the indigo be

easily seen.

Another method is to decant the chloroform extract and shake

it up with dilute potassium hydrate, when the iodine will be

removed and the pure blue of the indigo will appear.

Quantitative Estimation of Indoxyl

Strauss 's Method.—A quantitative method of determining in-

dican, which can be used clinically, has been devised by Strauss.^

Twenty c.c. of the urine are mixed with 5 c.c. of a 20 per cent, lead

acetate solution and filtered. Ten c.c. of the filtrate, correspond-

ing to 8 c.c. of the urine taken, are placed in a small graduated

separatory funnel and mixed with 10 c.c. of Obermayer's reagent.

' Deut. med. Woch. ,1902, p. 299.
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Five c.c. of chloroform are then added and the tube corked and
gently shaken. The shaking is repeated in about two minutes

and the chloroform allowed to escape from the tube. Another 5

c.c. of chloroform are added and the extraction repeated. This

is continued until the chloroform is no longer colored blue by
the indigo. Two c.c. of the united chloroform extracts are

placed in a small test tube, which is exactly of the diameter

of the test tube containing the standard solution, and chloro-

form is added, drop by drop, until the color of the chloroform

extract is exactly that of the control tube, when both are

compared against a white background. The standard solu-

tion is prepared by dissolving 1 milligram of chemically pure

indigotin, obtained from Kahlbaum, in 1,000 c.c. of chloro-

form. A portion of this is sealed in a test tube and kept in a

dark place.

If the total amount of chloroform used for extraction is equal

to a, and the amount of chloroform used to dilute the 2 c.c. to

the color of the standard equals x, the total amount of chloroform

necessary to dilute all of the chloroform used in extraction equals
X

ax-.

The total number of c.c. used in the extraction and in the dilu-

tion of the extraction mixture represents, therefore, a bulk con-

taining 1 milligram of indigo. Bouma has suggested having a

series of standard tubes containing from 1 to 20 milligrams of

indigo to the liter, in this way avoiding the necessity of gradual

dilution of the chloroform extract. In normal urines 5 to 10 c.c.

are usually all that is required to extract the whole amount. But

in cases of peritonitis and intestinal obstruction, Strauss has

observed figures as high as 468.

To obtain the results in milligrams one must remember that

the amount of indigo extracted was from 8 c.c. of urine, because

the addition of the lead acetate solution diluted the specimen to

that amovmt.

Drugs interfere but rarely with the color of the chloroform ex-

tract. Iodine can be removed by addition of a crystal of sodium

thiosulphate to the colored extract after removal of the super-

natant acid.

Obermayer-Wang Method.—Ellinger i has reviewed the quan-

Zeit. f . phys. Chemie, 1903, Bd. xxxviii, p. 178.
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titative methods of Obermayer,i Wang,^ and Bouma,^ and recom-

mends certain alterations in the technique which conduce to greater

accuracy.

One hundred c.c. of the urine to be tested are sUghtly acidified,

if necessary, with acetic acid, and then precipitated with one-tenth

bulk of a solution of lead subacetate (Liquor plumbi subacetici.

Ph. Ger.), and filtered through a dry filter, returning if necessary

to obtain a clear solution. This precipitation removes the urinary

pigments and also certain drugs ; for example, salicylic acid. If

the specific gravity of the urine is near or over 1.040 it should be

diluted with an equal bulk of water.

An aliquot part of the measured filtrate is taken and mixed

with an equal bulk of Obermayer's reagent or fuming hydro-

chloric acid, as preferred by Maillard.^ The mixture is imme-
diately shaken up with 30 c.c. of chloroform for two minutes. This

process is repeated two or three times or until the chloroform is no

longer colored blue. The chloroform extracts are united, washed

with distilled water until no more acid is given off, filtered through

dry paper into a carefully cleaned flask and heated over a water

bath until all the chloroform has distilled off. The residue is then

dried for five minutes on the bath, the mouth of the flask being

left open. The dry residue is extracted three times with hot water,

and if care is used the indigo will remain adherent to the glass. If

particles do escape in the wash water, they should be collected on

a filter, dried, and dissolved in chloroform.

Ten c.c. of pure, concentrated sulphuric acid are then added to

the indigo residue and the mixture heated on a water bath until

solution is efl'ected. The acid must not decolorize a solution of

potassium permanganate.

The indigo solution is now poured into an Erlenmeyer flask

containing 100 c.c. of distilled water, and the washings of the flrst

flask added. The blue solution should be clear, but a slight tur-

bidity does not prevent an accurate determination. Perman-
ganate solution is then run into the hot mixture from a burette

until the reddish or greenish color is replaced by a pure yellow.

1 Zeit. f. phys. Chemie, 1903, Bd. xxxvi, p. 427.

2 Zeit. f. phys. Chemie, 1898, Bd. xxv, p. 406; also, Zeit. f. phys. Chemie, Bd.

xxvii, 1899, p. 135.

3 Zeit. f. phys. Chemie, 1901, Bd. xxxii, p. 82.

^ I/Indoxyle Urinaire, Paris, 1903.
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The stock solution of standard permanganate is made by dis-

solving about 3 grams of the pure potassium salt^ in 1,000 c.c. of

distilled water. Five c.c. of this stock are diluted to 200 c.c. in a

measuring flask, and this dilute mixture used for titration. The
original stock solution must be standardized by titrating a weighed

quantity of chemically pure indigo dissolved in 10 c.c. of sulphuric

acid and diluted to about 100 c.c. The stock solution will keep for

several months if protected from the light in a glass-stoppered bot-

tle. A preliminary qualitative test should be made on the original

urine to determine its indoxyl content if this is high not more than

25 to 50 c.c. should be employed in the test ; but 300 c.c. of normal

urine may be used. The best results are obtained when from 10 to

15 c.c. of the permanganate are required for the decolorization.

Bouma,2 in a more recent paper, states that in his opinion the

chloroform extract should be freed from acid by allowing it to run

from the separatory funnel into distilled water. He also prefers

to heat the residue for a half-hour on a water bath to remove im-

purities rather than to wash with hot water.

AROMATIC OXYACIDS

These substances are derived from the tyrosin and phenyl-

alanin group of the proteid molecule by putrefactive processes, and

their excretion is usually parallel with that of the phenols. Among
the acids of this type found in the urine are para-oxyphenyl-

acetic and para-oxyphenyl-propionic acids. Oxymandelic and

para-oxyhydro-cumaric acids are also occasionally met with in

destructive diseases of the liver. They are excreted from the body

in the form of salts.

The oxyacids are increased in the urine whenever there is ab-

normal putrefaction either in the pus of an empyema or an abscess

in another portion of the body or in the intestine. They have, in

other words, the same diagnostic value as indoxyl.

Qualitative Test.—Large quantities of the urine to be tested are

evaporated to a small bulk, acidulated with hydrochloric acid and

shaken out with ether. The ether is evaporated and the residue

dissolved in a little water and heated with a small quantity of

Millon's reagent. A red color indicates the presence of the oxy-

^ Kahlbaum's potassium permanganate is suitable for this purpose.

2 Zeit. f. phys. Chemie, Bd. xxxix, 1903, p. 356.
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acids. A precipitate is also formed on the addition of bromine

water to the aqueous extract. No clinical interest is attached to

the reactions for these acids.

BENZOIC ACID

Traces of benzoic acid are occasionally found in the urine dur-

ing the course of febrile diseases. It is produced by the splitting

of hippuric acid by the action of the kidneys. The detection or

estimation of this substance is of no clinical importance.

OXYPROTEIC AND ALLOXYPROTEIC ACIDS

Oxyproteic acid, a substance which contains both nitrogen and

sulphur, was discovered in the urine by Cloetta.^ Another body
of similar structure, alloxyproteic acid, has been recently de-

scribed .^ Both acids are constant constituents of the urine and

are derivatives of the albumin molecule. It has been thought that

about 2 to 3 per cent, of the total nitrogen excretion is due to these

substances. These acids do not react to the albumin tests, are

precipitated by alcohol, but not by phosphotungstic acid or potas-

sium ferrocyanide or acetic acid, nor do they give the biuret re-

action ; but they are precipitated by mercuric salts. The oxy-

proteic acid is distinguished from the alloxyproteic acid by its

being precipitated with subacetate of lead and by the fact that it

gives the diazo reaction. It is possible, therefore, that this acid is

responsible for the Ehrlich reaction in typhoid fever. Some of the

so-called neutral sulphur of the urine is no doubt contained in

these acids. Their separation from the urine is a complicated

process which need not be considered here.

UROFERRIC ACID

Another acid of the sulphur-bearing group has been found in

traces in normal urine by Thiele.'"^ The substance seems closely

related to the acids in the preceding paragraph and does not give

the biuret reaction nor that of Millon or Adamkiewicz. It is pre-

cipitated by mercuric nitrate and sulphate and, in distinction to

1 Archiv f. exp. Path. u. Pharm., 1897, Bd. xl, p. 29.

2 St. Bondzynski u. K. Planck : Chem. Berichte, 1902, Bd. xxxv, p. 2959.

3 Diss., Leipzig, 1902.
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the acids mentioned above, forms an abundant precipitate with

phosphotungstic acid.

HIPPURIC ACID

This substance is contained in human urine, in amounts of

from 1 to 3 decigrams. The quantity excreted is influenced con-

siderably by the quantity and nature of the food taken in. For

example, after the ingestion of 100 grams of grape sugar as high

as 9 decigrams of hippuric acid have been found in the urine.

During fever and intestinal putrefaction, and after the use of

certain substances, such as quinic and salicylic acids, which are

s

Fig. 134.

—

Crystals of Hippuric Acid from Urine. Magnified 150 diameters.

used as drugs, a considerable increase in the excretion of hippuric

acid has been noted.

From a theoretical point of view hippuric acid is of interest, as

it is one of the first substances whose synthesis in the organism has

been thoroughly worked out. The process is a union of benzoic

acid and glycocoll and takes place in the kidney and intestine. In

the urine of the herbivorous animals hippuric acid is present in

large amounts.
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From a clinical point of view no facts of practical interest have

as yet been obtained by the determination of the excretion of hip-

puric acid.

The Quantitative Determination of Hippuric Acid.—Bunge and
Schmiedeberg ^ have devised a method for the determination of hippuric

acid which gives excellent results in the urines containing large quan-

tities of the acid. In human urine, the quantity of hippuric acid is

usually too small to give good results.

Blumenthal ^ describes a method which is of use for the determination

of small quantities. The criticism of this method by Soetbeer ^ has

resulted in a slight correction by Blumenthal, which is said to give more
accurate results.

Three hundred c.c. of the urine to be tested are rendered slightly

alkaline with sodium carbonate solution and evaporated to dryness, first

over a flame and then over a water bath. The residue is extracted twice,

using each time 150 c.c. of 96 per cent, alcohol. The extraction should

be carried out over a water bath, the resulting fluid filtered, and evapo-

rated on a water bath to a syrup. The syrup is dissolved in 50 c.c. of

water ; 10 c.c. of 25 per cent, hydrochloric or sulphuric acid is added and
the mixture is shaken out in a separatory funnel with 200 c.c. of ether

which contains 20 c.c. of 96 per cent, alcohol.

The shaking should be thorough and access of air to the funnel should

be occasionally permitted. The ethereal extract is washed once with 75

c.c. of distilled water and the ether evaporated. This shaking out with

ether is repeated four times, each extract to be washed with 75 c.c. of

water. The ether residue is dissolved in 20 c.c. of distilled water and
poured into a Kjeldahl flask. If the aqueous solution contains a large

amount of coloring matter it should be shaken up with 15 c.c. of chloro-

form, before pouring into the flask. Fifteen c.c. of concentrated sulphuric

acid are added to the contents of the flask, the mixture shaken, copper

sulphate added, and the determination of the nitrogen carried out in the

usual manner. The number of c.c. of decinormal sulphuric acid which

are used is multiplied by 17.9, which gives the number of milligrams of

hippuric acid in 300 c.c. of urine.

The results of this method are about 15 per cent. lower than those

obtained by Bunge and Schmiedeberg ; but as the process is simpler

and more quickly carried out it furnishes excellent comparative results

when used in a series of determinations of the excretion of hippuric acid.

If large quantities of the acid are excreted, the first mentioned process

should be used.

1 Archiv f. exp. Path., Bd. vi, 1877, p. 235.

2 Zeit. f. klin. Med., Bd. xl, 1900, p. 339.

^ Beitrage z. chem. Phys. u. Path., 1902, vol. iii, p. 385. For a criticism of

Blumenthal's method see Hupfer : Zeit. f. phys. Chem., Bd. xxxix, 1903, p. 302.
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ALKAPTON ACIDS

In certain disorders of metabolism, both in healthy and in dis-

eased persons, a urine is occasionally seen which has the power of

reducing metallic oxides in the same manner as the sugars. Such
urines contain an acid, homogentisinic, and possibly also another,

uroleucinic. The urine containing these acids assumes a dark

color on standing exposed to the air, owing to the oxidation which

takes place. The amount excreted may be as high as 6 grams

per day. The ingestion of tyrosin greatly increases the amount
of the acids in the urine, and in all probability this substance is

the source of both of these acids.

Only a few cases of this interesting anomaly of metabolism

are on record.^ A number of cases have been shown to have

been congenital, and in a few the condition has affected two

members of the same family.

The importance of recognizing the presence of these acids in the

urine lies in the fact that persons suffering from this disorder are

often refused by life insurance companies, being supposed to have

diabetes because of the marked reducing action of the acids on

Fehling's solution. Negative results, however, obtained with

bismuth, fermentation, phenylhydrazin, orcin, and polariscopic

tests, at once exclude any member of the sugar group. The ex-

cretion of these substances seems to have no effect on the health of

the patient.

Qualitative Tests.—Garrod 2 recommends the following test

:

The urine is heated to boiling and 5 or 6 grams of neutral

lead acetate are added to each 100 c.c. A grayish precipitate is

produced as soon as the salt dissolves and the mixture should be

promptly filtered. The filtrate is placed in a cool spot for twenty-

four hours, and if homogentisinic acid is present the crystals of

that substance, in combination with the lead, will separate out.

The composition of the salt is (€811704)2 Pb + 3H2O.

The acid may be set free from the lead salt by suspending 5

grams of the finely powdered substance in 50 c.c. of ether and

^ An excellent review of the subject with bibliography up to 1898 will be found

in Futcher, Alkaptonuria, New York Med. Jour., vol. Ixix, 1898, p. 69.

2 Jour, of Phys., vol. xxiii, 1898-99, p. 512. Orton and Garrod: ibid., vol.

xxvii, 1901, p. 89.
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passing a current of hydrogen sulphide. After filtering from the

lead sulphide, the ether is allowed to evaporate and the pure acid

separates out. The crystals melt at 152° C.

PYROCATECHIN AND HYDROCHINON

Pyrocatechin C6H4(OH)2, is found in traces in normal urine,

more abundantly after the ingestion of phenol and benzol. Urine

containing this substance darkens on standing, especially if the

reaction is alkaline.

Hydrochinon is present in the urine as an ethereal sulphate

under the same conditions as pyrocatechin, and also causes black-

ening in alkaline urine.

Tests for these substances are unimportant from a clinical

point of view.

Tests.^—The urine is strongly acidulated with hydrochloric acid,

boiled for a short time, and after cooling, shaken out several times with

ether. The ethereal extract is evaporated to a small bulk. The ether is

shaken out with a watery sodium carbonate solution and the ether evapo-

rated. The ethereal residue is dissolved in about 20 c.c. of a saturated

solution of sodium chloride, filtered from the phenol and p-cresol, and
the salt solution distilled after dilution with water, so long as the volatile

phenols pass over. This is preferably carried on in a current of steam.

The phenols may be tested by adding bromine water to the distillate.

The residue in the still is shaken out with ether, the ether evaporated,

and the residue again distilled in water and precipitated with lead acetate,

avoiding an excess.

Pyrocatechin is precipitated ; hydrochinon remains in the filtrate.

The precipitate is mixed with water, decomposed with dilute sulphuric

acid, and shaken out with ether. The pyrocatechin crystallizes from the

ethereal solution and can be purified by recrystallization from hot

benzol.

1. A watery solution gives a green color with dilute ferric chloride,

which changes to violet on addition of a little tartaric acid and am-
monia,

2. Fehling's solution is r duced.

The filtrate from the precipitate of the pyrocatechin is decomposed

with sulphuric acid, shaken out with ether, and the ether evaporated.

A brownish residue is recrystallized from boiling benzol.

Hydrochinon gives off violet fumes when rapidly heated and forms

a blue sublimate on a cold porcelain dish. The crystals melt at 169° C.

' Baumann: Zeit. f. phys. Chemie, Bd. viii, 1884, p. 188.
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MONO-AMINO ACIDS

LEUCIN AND TYROSIN

These two substances are produced by the decomposition of

the proteids, and are present in large amounts in the urine, chiefly

in diseases of the hver, notably acute yellow atrophy, and to a

less extent in phosphorus poisoning. They have been found in

traces after the absorption of a pneumonic exudate when large

quantities of the metabolic products of the proteids of the exudate

are rapidly thrown into the circulation.

In a few cases of acute degeneration of the liver of a type

differing from acute yellow atrophy, and also in phosphorus poison-

ing, acetone, diacetic acid, and a great increase in the ammonia
excretion have been noted, leucin and tyrosin also being present

in the urine. Occasionally glucose has also been found.

^

Considerable amounts of leucin and tyrosin have also been

found in a number of diseases, but not with sufficient frequency

to warrant any diagnostic conclusions. Among these conditions

may be mentioned erysip-

elas, typhoid fever, variola,

rabies, leukaemia, gout, and

diabetes.

2

Tyrosin is found in the

urine in the form of slender

needles, and leucin in the

form of highly refractile

yellowish masses which have

an oily look and a radial

striation (Fig. 135). As a

rule, they do not form

spontaneous deposits except

when present in the urine

in large quantities, and it is

usually necessary to evaporate the urine to obtain the crystals.

It is easy to be misled by this procedure, for a normal urine fre-

quently furnishes deceptive crystals when evaporated, so that if

1 Soetbeer: Arch. f. exp. Path. u. Pharm., Bd. 1, 1903, p. 295. Naunyn:

Diabetes Mellitus, Wien, 1901, p. 48.

^ Ignatowski: Zeit. f. phys. Chemie, Bd. xlii, 1904, p. 378.

81

Fig. 135.- Leucin and Tyrosin Crystals

IN THE Urine.
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there is any reason for suspecting the presence of these two bodies

they should be removed from the urine and tested in a pure state.

Isolation of Leucin and Tyrosin from the Urine.—At least

500 c.c. of the urine, from which the albumin has been removed
by heat, are precipitated with basic acetate of lead and the filtrate

freed from a possible excess of lead by a stream of hydrogen sul-

phide. The filtrate from the lead sulphide is concentrated as

much as possible and the residue treated with small quantities of

absolute alcohol to remove the urea. Finally, the residue is

treated with alcohol containing a little ammonia, and this ammo-
niacal solution is allowed to evaporate and is examined micro-

scopically for the characteristic crystals. The leucin is more
soluble in alcohol than the tyrosin, and if the mixture of the two
is extracted with a small quantity of that substance the leucin

will be extracted and leave a more or less pure tyrosin.

If a mixture of dry leucin and tyrosin is heated with a small

amount of glacial acetic acid and an equal bulk of absolute alcohol,

the leucin will be dissolved and the tyrosin remain as a white

crystalline mass.^

The following chemical tests should be applied

:

Tests for Tyrosin.— 1. Gives Millon's reaction.

2. A hot solution when acidified with 1 per cent, acetic acid

and then a little sodium nitrite added, turns bright red.

3. Tyrosin is heated with a few drops of sulphuric acid, the

mixture diluted and neutralized with some barium carbonate. A
violet color is produced on the addition of some neutral ferric

chloride to the filtrate.

4. A small amount of the crystals to be tested is added to a

few cubic centimeters of a reagent of the following composition:

1 c.c. formalin,

45 c.c. distilled water,

55 c.c. concentrated sulphuric acid.

The mixture is heated. If tyrosin is present a green color

will be produced.^

Tests for Leucin.— 1. Some leucin heated on platinum foil with

a little nitric acid melts and forms an oily drop which rolls about

on the platinum.

^ Habermann u. Ehrenfeld : Zeit. f . phys. Chemie, Bd. xxxvii, 1902, p. 18.

^ Momer: Zeit. f. phys. Chemie, 1902, Bd. xxxiv, p. 207. Denigh : Comp.
Rend., tome cxxx, 1900, p. 583.
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2. Heated in a test tube leucin volatilizes in the form of white

masses.

3. Leucin dissolves in strong NaOH, but not in ether.

4. Some copper sulphate and sodium hydrate are added to an

aqueous solution of leucin, when the copper oxide is dissolved

with the formation of a copper compound of leucin, and on heating

the solution no reduction takes place.

GLYCOCOLL

This substance is chemically amino-acetic acid. It is pro-

duced during the metabolism of the proteids, especially gelatin,

and is also formed during the decomposition of uric acid, xanthin,

and other purin bodies. It has been found in the urine in ex-

perimental phosphorus poisoning/ and in gout, pneumonia and

leuksemia,^ and is interesting chiefly in connection with the ap-

pearance of the other members of the amino-acid group in the

urine under similar conditions. The method of separation and

identification of this substance as a /?-naphthalin-sulpho-amino

acid is too complicated for clinical work, and for further details

the reader is referred to the original papers on the subject.

CYSTIN

Cystin (C6H12N2O4S2) belongs to the group of amino acids

and is occasionally found in the urine as a result of a congenital

anomaly of the metabolism of the proteids. It is occasionally

accompanied in its excretion by certain diamins, notably cadaverin

and putrescin.

The most generally accepted theory of the origin of cystin

is that it results from the imperfect oxidation of the cystin radicle

of the proteid of the food, but possibly may also be connected

with excessive putrefaction of the proteid. The amount excreted

per day may be a few centigrams or as high as one gram.

Cystinuria frequently appears in a number of members of

the same family, as has also been noted to be the case with

alkaptonuria.

An interesting observation illustrating the occurrence of

^ Abderhalden u. Bergell : Zeit. f. phys. Chemie, Bd. xxxix, 1903, p. 464.

^Ignatowski: Zeit. f. phys. Chemie, Bd. xlii, 1904, p. 378.
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cystinuria in members of the same family has been recently pub-

lished by Abderhalden.i Attention was called to the disease by
the discovery of numerous white particles scattered throughout

the organs of a child dying of inanition at about the twenty-first

month of its age. Examination of these white masses showed

that they were composed of cystin, which could be isolated from

the organs by extrac ing with ammonia and allowing the ammoni-
acal solution to evaporate spontaneously, the cystin crystallizing

out in hexagonal plates. Two other children of the same family

had died in infancy with the same symptoms. From the urine

of the two surviving children cystin was isolated as a /?-naphtha-

lin-sulpho-compound.2 The same compound was obtained from

the urine of the father, but that of the mother was negative. A
positive result, however, was obtained from the grandfather of the

Fig. 136.

—

Crystals of Cystin from Urine.

male line. That of the grandmother of the male line contained

no cystin. In these cases no diamins could be demonstrated.

The diagnosis of cystinuria is usually made by the discovery

of calculi in the bladder, as the excretion of this substance is not

connected with any general clinical symptoms.

Qualitative Tests.—Some strong acetic acid should be added

to the urine and the fluid should be placed in a cool spot for

^ Zeit. f. phys. Chemie, Bd. xxxviii, 1903, p. 557.

2 See Fischer and Bergell : Chem. Berichte, Bd. xxxv, 1902, p. 3784.
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twenty-four hours. At the end of that time the sediment from
cystin urine will contain numerous fiat, hexagonal plates (see Fig.

136). If the urine has already fermented the cystin may be de-

posited, as it is not soluble in ammonium carbonate. The crystals

are easily soluble in ammonia and can be precipitated by the

addition of acetic acid. The neutral sulphur of the urine is

greatly increased in amount in cystinuria.

Quantitative Tests.—An approximately quantitative test ^ may
be obtained by adding a considerable quantity of strong acetic

acid to the urine, collecting the cystin which separates on a filter,

drying, and weighing, and then making a separate determination

of the neutral sulphur of the urine. An excessive amount of this

substance may be attributed to cystin and added to the quantity

obtained by direct weighing.

DiAMiNS (Ptomdins)

Two substances belonging to the diamin group, cadaverin and
putrescin, have been found in the urine and faeces of a few cases

of cystinuria, but whether the two conditions are invariably asso-

ciated is not as yet fully decided. The present belief is that

diaminuria and cystinuria are both the expression of a marked
impairment in the normal oxidation processes of the body.^ The
quantity of the diamins which may be found in the urine is vari-

able. Simon was able to isolate 1.6 grams of the benzoyl com-

pound from a twenty-four hours' specimen, but generally only

traces have been found.

Tests for Diamins.^—Fifteen hundred c.c. or more of urine are shaken

up with 200 c.c. of a 10 per cent, solution of sodium hydrate and 25 c.c. of

benzoyl chloride, until the odor of the benzoyl chloride has disappeared.

The precipitate which forms contains phosphates, benzoyl compounds

of the normal carbohydrates of the urine, and a portion of the benzoylated

diamins. The precipitate is filtered off and extracted with alcohol. The

alcoholic extract is filtered and concentrated to a small bulk and poured

into about thirty times its volume of water. On standing for about

twelve to twenty-four hours, the benzoylated diamins separate out in the

^ Simon : Cystinuria and Its Relation to Diaminuria, Amer, Jour. Med.

Sciences, 1900, vol. cxix, p. 39.

^ Moreigne: Arch, de Med. exper. et dAnat. path., vol. xi, 1899, p. 254.

Simon : Amer. Jour. Med. Sciences, 1900, vol. cxix, p. 39.

" Baumann u. v. Udranszky : Zeit. f . phys. Chemie, 1889, Bd. xiii, p. 362.
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milky fluid in the form of a more or less voluminous sediment composed

of fine white crystals. The precipitate is again dissolved in alcohol and

the solution concentrated and diluted with water as before. This process

should be repeated several times to remove the benzoylated carbohydrates

which are also present in the precipitate. The crystals obtained if both

diamins are present, lose their water of crystaUization when heated to

120° C, and melt at 140° C. Some of the benzoylated diamins remain

in the first filtrate. In order to obtain them, the filtrate is acidified with

sulphuric acid and extracted with ether. The ethereal extract is neutral-

ized with a 10 per cent, solution of sodium hydrate and then three or

four volumes of the same solution are added. The mixture is cooled and

the sodium compounds of benzoyl-cystin and benzoylated diamins crys-

tallize out in long needles and plates. The crystals are filtered off, and

placed in cold water in which the sodium-benzoyl-cystin dissolves, while

the benzoylated diamins remain undissolved. The crystals of the ben-

zoylated diamins are dissolved in a little warm alcohol and treated with

twenty volumes of ether. Benzoyl-putrescin is thrown down. It may
be recognized by its melting point of 175° to 176° G., while the ethereal

residue contains the benzoyl-cadaverin which melts at from 129° to

130° C.

In order to separate the diamins from the benzoyl, the crystals should

be heated on a water bath, with equal parts of alcohol and concentrated

hydrochloric acid, until a sample of the precipitate is entirely dissolved

by sodium hydrate. The heating requires twenty-four to forty-eight

hours. After cooling the solution is diluted in water. The benzoic acid

which separates is filtered off and, after extraction with ether to remove
any benzoic acid still remaining, the filtrate is evaporated to dryness.

A crystalline mass remains, which consists of putrescin and cadaverin

hydrochlorides. The platinum salt of cadaverin may be formed by
adding an alcoholic solution of platinic chloride to a solution of the hydro-

chlorides in alcohol. A voluminous crystalline yellow mass forms which

can be purified by recrystallization from hot water. The salt is decom-

posed by hydrogen sulphate, mixed with some solution of caustic potash

and distilled. The first portion to come over will be water and, after the

temperature rises to 160° C, a colorless oil appears, the boihng point of

which is about 175° C. This is the free base cadaverin, which may be

identified by its sperm-like odor and the avidity with which it attracts

carbon dioxide from air to form a carbonate.^

CREATININ

Creatinin (C4H7N3O) appears in the urine in amounts Ox irom

0.6 to 3 grams per diem. It is formed by the separation of water

from creatin which is contained in small amounts in the muscles

^ Simon : Clinical Diagnosis, 5th edition, 1904.
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and in traces in the urine. The amount of albuminous substance

which must be taken in to cause an excretion of 1 gram of

creatinin per day is about 330 grams. Creatin has no nutritive

value, and therefore the meat extracts, such as Liebig's, in which

the nitrogen is present largely in the form of creatin, are valueless

as foods.

Muscular activity increases the excretion of creatinin ; lack of

food diminishes the amount. The excretion is also diminished in

cases of muscular atrophy and myositis ossificans. Our knowledge

of the excretion of creatinin in pathological conditions is very

slight. Senator found that in febrile conditions and diabetes ^ the

amount of creatinin was increased as a maximum to 1.86 grams.

As might be expected, the excretion in fever runs parallel with

that of urea and total nitrogen as an indication of increased de-

struction of proteid tissues during acute disease. Creatinin is

retained b)' the kidneys in advanced cases of nephritis, though it

has nothing to do with the symptoms of uraemia.

The reactions of creatinin are chiefly those which depend upon

the formation of colored compounds. One important property of

creatinin is that it reduces Fehling's solution and causes the blue

color to disappear, but copper oxide is not separated unless the

mixture be heated for a time near the boiling point. It is pre-

cipitated by phosphotungstic acid in the presence of HCl and also

by solutions of zinc chloride and picric acid. The creatinin-zinc

chloride forms fine needles often arranged in rosettes or balls.

Tests.—The tests for creatinin are as follows

:

WeyVs Reaction.^—To the urine to be tested is added a very

dilute watery solution of freshly dissolved sodium nitro-prusside,

and then a few drops of dilute sodium hydrate. If creatinin be

present the fluid becomes a brilliant cherry red and in a short

time changes to yellow. Creatin does not give this reaction, but

acetone does give a red color which changes on addition of acetic

acid into violet. Acetone can be removed by a preliminary

heating of the urine. The test indicates 6 parts in 10,000 of

creatinin.

Jajfe's Test^ is made by adding a small quantity of a saturated

^ Virchow's Archiv, Bd. Ixviit, 1876, p. 422.

2 Chem. Berichte, vol. xi, 1878, p. 2175.

3 Zeit. f. phys. Chemie, Bd. iv, 1886, p. 399; also ibid., Bd. xiv, 1890,

p. 471.
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solution of picric acid to the urine to be tested and then a few

drops of sodium hydrate. If creatinin is present a reddish color

appears immediately which increases in intensity and remains

unchanged for a long time. Acetone and diacetic acid give a weak
yellowish red color, much less intense than the color produced by
creatinin. The reaction indicates one part of creatinin in 5,000.

Quantitative tests are merely of scientific interest and have no

clinical value. The best of these tests is that known as the Neu-

bauer-Salkowski method,^ and is as follows:

Four hundred and eighty c.c. of the urine, from which albumin and
sugar have been removed, are rendered alkaline with milk of lime, and
calcium chloride is added until further addition produces no precipitation.

The solution is made up to 600 c.c, shaken thoroughly, and filtered at

the end of fifteen minutes. Five hundred c.c. of the filtrate, which should

be slightly alkaline, or, if strongly so, should have its alkalinity diminished

by the addition of a little hydrochloric acid, are concentrated by evapora-

tion at first over a gas flame, and finally over a water bath, to about 40

c.c, and then mixed with the same volume of absolute alcohol. The
mixture is poured into a graduate, the flask washed out with water, and
finally the whole made up to 200 c.c. with absolute alcohol, and allowed to

stand for twelve hours. It is then filtered through a dry filter and 160 c.c.

of the filtrate are mixed with 1 to 2 c.c. of an alcoholic solution of chloride

of zinc, which must contain no acid. The combination is stirred for a con-

siderable time to hasten the separation of the creatinin-zinc chloride and
allowed to stand in a cool place for three or four days.

The separated crystals are collected on a dried and weighed filter by
means of the filtrate, and then washed with a small amount of alcohol

to remove the chlorides. The filter and the precipitate are dried at 100°

C. and weighed. The amount obtained multiplied by 0.624, gives the

quantity of creatinin. The precipitate may contain crystals of sodium

chloride which can not be removed by washing with alcohol. In this

case the zinc content of the precipitate must be determined by mixing

with nitric acid, heating strongly in a crucible, washing with water to

remove the sodium chloride, and finally collecting the zinc oxide on a

filter. The filter is ashed and the oxide weighed. The weight of the

zinc oxide obtained, multiplied by 0.224, gives the weight of the creatinin-

zinc chloride. Instead of weighing the zinc compound, the nitrogen con-

tent of the salt may be determined by Kjeldahl and the creatinin

estimated.

1 Zeit. f. phys. Chemie, Bd. xiv, 1890, p. 113. Folin (ibid., Bd. xli, 1904,

p. 223) has devised an accurate but elaborate quantitative test for creatinin

based upon the Jaff6 reaction. The expensive apparatus required limits the

use of this method to large laboratories.
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ALLANTOIN

This substance is a product of oxidation of uric acid and the

autolysis of the liver, spleen, pancreas, etc.^ It is found in human
urine after the ingestion of large quantities of tannic acid, in the

urine of new-born children, in the amniotic fluid, in traces in the

urine of pregnant women, and in ascites fluid and leuksemic blood.

No clinical facts of importance are connected with the presence

of this substance in the urine.

Quantitative Test.^—The urine to be tested is rendered faintly

acid, and is precipitated with mercuric nitrate solution. The pre-

cipitate is filtered off, washed with water, and decomposed by a

current of hydrogen sulphide. The solution of mercuric nitrate

should have a small amount of metallic quicksilver mixed with it.

After filtering off the precipitate of mercuric sulphide, the filtrate

is mixed with some magnesium oxide and silver nitrate solution

is added to the mixture. The precipitate and the excess of mag-

nesium oxide which it contains are oxidized by the Kjeldahl pro-

cedure and the amount of nitrogen determined. One c.c. of

^/,o acid is equivalent to 0.0039 grams of allantoin.

TOTAL NITROGEN

The determination of the total nitrogen of the urine has

recently become of considerable interest from the evidence which

it affords of the amount and rate of the excretion of the nitrogen

derived from the proteid of the food, and especially so as the

determination of urea as an evidence of disease has lost the posi-

tion which it once held in the opinion of practitioners, and has

become chiefly of historical interest.

The total nitrogen of the urine plus that of the faeces includes

the whole of the nitrogenous excretion of the body, the excretion

in the urine being from 92 to 93 per cent, of the total nitrogenous

intake. The amount escaping from the lungs and skin can be

neglected.

The amount of nitrogen excreted daily in a fasting condition

is about 5.25 grams, corresponding to 33 grams of body proteid.

1 Pohl : Arch. f. exp. Path. u. Pharm., Bd. xlviii, 1902, p. 367; also Mendel

and Brown : Am, Jour, of Phys., vol. iii, 1900, p. 261.

2 Loewi : Arch, f . exp. Path. u. Pharm., Bd. xUv, 1900, p. 19 ; Swain : Amer.

Jour, of Phys., vol. vi, 1902, p. 38.
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A normal adult on a mixed diet excretes from 11 to 15 grams of

nitrogen per day, or 0.2 grams of nitrogen per kilo of body weight.

If large amounts of nitrogenous food are consumed the excretion

is apt to be considerably larger. A marked retention of nitrogen

can be produced by an excessive proteid diet, so that for a con-

siderable number of days 8 or 10 grams of nitrogen may be held

in the body to be excreted later. A similar phenomenon has been

observed after the administration of lecithin, which seems to pro-

duce a marked retention of nitrogen even when a person is on a

diet containing normal quantities of proteids. The exact condi-

tion in which this nitrogen is stored up is not at present known,

but it is probably not in the form of muscle proteid, because of

the rapidity with which it is excreted when the organism contains

a surplus. Probably the stimulus of the urea in the blood acting

upon the kidneys starts up diuresis and the retained nitrogen is

swept out of the body in the course of a few days.

The total nitrogen excretion of the urine is made up of a

number of factors. About 86 per cent, of the nitrogen is due to

urea; about 8 per cent, is derived from ammonia, purin bodies,

creatinin, and pigments, of which the purin nitrogen forms about

2 per cent, and the ammoniacal nitrogen 2.5 per cent. The re-

mainder, some 6 per cent., is made up of hippuric acid and
undetermined bodies ^ of the amino group. The nature of the

albumin contained in the food does not exert a very marked
influence in the proportion of these substances, except on the

amino-acid factor, the largest excretion of these substances being

noted on a pure meat diet and the least on a milk diet.

An increase in the excretion of nitrogen, that is, a diminution

of the nitrogen contained in the organism, is a physiological phe-

nomenon in infants for three or four days after birth. It is also

seen in all diseases accompanied by marked malnutrition or star-

vation, and is noted in the different types of fever due to sepsis

or any other form of infection. The increased destruction of

proteid under these circumstances depends upon a number of

factors, one of which is the diminution in the carbohydrates and
fat of the food which occurs during the fever owing to loss of

appetite, etc.; another is the increase in temperature; but the

most important factor is the breaking down of proteid due to the

^ Further details on this subject will be found in papers by v. Jaksch : Zeit.

f. klin. Med., Bd. xlvii, 1902, p. 1, and in Bd. 1, 1903, p. 167.
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toxic substances produced by the bacteria. A similar toxic met-

abolism is especially well seen in persons the subjects of carcinoma

or other malignant growths, and in pernicious ansemia. The
same phenomenon is also seen in the chronic infectious diseases

such as tuberculosis, in the leukaemias, scurvy, phosphorus poison-

ing, and exophthalmic goiter. The changes in the last condition

are usually assumed to be due to circulating toxalbumin derived

from the thyroid gland.

An increase in the nitrogen excretion is occasionally seen in

diabetes, but usually this is apparent only because of the great

increase in the nitrogenous intake of these persons and from the

fact that a diabetic can not '

' spare '
^ his proteid by the use of

carbohydrates or fats, so that the amount of these substances

necessary for the body must be obtained by the splitting of the

proteid either of the food or of the body. An increase in the

nitrogen excretion is often noted in cases of nephritis with a high

degree of albuminuria, the loss in this case being due to the nitro-

gen content of the albumin excreted. Large quantities of nitrogen

are excreted during the resorption of an exudate.

A diminution in the output of nitrogen is chiefly noted in con-

valescent persons in whom a marked nitrogen retention is often

seen, owing to the fact that the proteid of the food is being used

to supply the albuminous needs of the body as the latter repairs

the losses incurred during the illness.

In nephritis, also, especially in the later stages of the chronic

diffuse forms of the disease, a considerable retention of nitrogen

is not infrequent. In such conditions a marked increase in the

excretion of nitrogen in the faeces can be observed, especially when
the nephritis is accompanied by diarrhoea. The excretion through

the skin is also greatly increased when retention reaches a high

point. Even the mucous membrane of the stomach may act

vicariously in place of the kidneys, and excrete considerable

quantities of nitrogenous substances. The periods of retention in

nephritis are varied by periods of excessive excretion, so that no

diagnostic value can be attached to a single determination, espe-

cially if the nitrogenous content of the food taken in is not known.

The proper method of determining the retention of nitrogen in

nephritis is to feed a patient for a number of days with measured

quantities of milk, the nitrogen content of which has been deter-

mined, the nitrogen of the urine being also estimated each day.
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If then the patient is given a meal very rich in proteid, a great

increase in the urinary nitrogen will be noted if the kidneys are

normal or occasionally if the kidneys are the site of a parenchyma-

tous nephritis, while in some cases of chronic diffuse nephritis no

immediate increase in the nitrogen excretion will be noted, but a

gradual rise for several days until the surplus has been entirely re-

moved. In not all cases is this phenomenon observed, and care

must be taken not to confuse the diuresis and increased nitrogen

excretion which sometimes takes place in a chronic nephritic

owing to the stimulating action of the urea on the kidneys, for

the rapid excretion of a normal kidney. The practitioner evi-

dently gains but few facts of purely diagnostic nature from the

estimation of the total nitrogen of the urine. The effects of diu-

resis and the simultaneous sweeping out of large quantities of

nitrogen in the urine after suitable medication may, however, be

best determined by this procedure, especially if the chlorides are

also estimated. Some facts of practical importance in the prog-

nosis and treatment of nephritis may therefore be obtained.

Kjeldahl Method ^ for the Determination of the Total Nitrogen

in the Urine.—Ten c.c. of urine are carefully measured off into

a round-bottomed flask of Jena glass and a few drops of a con-

centrated copper sulphate solution, 15 c.c. of sulphuric acid and

10 grams of potassium sulphate, are added. The flask should be

supported in an inclined position so that none of the fluid can

spurt out of the neck. The mouth of the flask should be loosely

closed by a glass bulb blown on the end of a piece of glass tubing.

A convenient support for the flask is a thick piece of asbestos

board with a hole in the center of sufficient size to permit the

flame to come in contact only with that portion of the flask

covered by the fluid, but not to permit of a direct flame touching

the flask above the level of the fluid. A piece of wire gauze

should protect the bottom of the flask from direct action of the

flame.

The heating should be quite gentle for half an hour, but as

soon as the foaming ceases the flame should be raised until the

acid begins to boil gently. The whole heating process must be

carried out under a hood in order to remove the sulphurous acid

fumes which are given off. When the fluid in the flask is colorless

» Zeit. f. anal. Chemie, Bd. xxii, 1883, p. 378.
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or a pale green the oxidation process is completed. This requires

at least an hour, though if very accurate results are required the

heating should be from two to three hours, as creatinin, uric acid,

and other substances are not easily oxidized.^ The acid ajnd the

oxidizing agent (CUSO4) change all of the nitrogenous bodies into

ammonium sulphate. At the end of this time the liquid is cooled

and prepared for distillation either in the same flask or washed

out into another larger flask, which may be of Jena glass, but is

preferably of copper, as the former is liable to break if the bumping

is marked or heating is irregular. Two hundred c.c. of water are

added and, after the fluid has cooled, enough of a 30 per cent,

sodium hydrate solution to render the liquid strongly alkaline.

The ammonia which is set free by the action of the alkali is distilled

over into 80 c.c. of decinormal sulphuric acid, which has been

accurately measured by a burette or a calibrated pipette.

The flask is heated until about two-thirds of the fluid have

passed over and there is considerable bumping from the separa-

tion of the sodium sulphate. This

usually requires about thirty min-

utes. In order to prevent contin-

uous bumping of the fluid it is

well to add some fragments of

pumice stone, a few pieces of

granulated zinc, or some talc pow-

der, at the beginning of the distil-

lation.

A simple form of apparatus

which can be extemporized from

materials at hand in any laboratory

is shown in Fig. 137. The tube

D contains a few glass beads, and

some of the sulphuric acid is

poured over these to prevent the

escape of any ammonia A few

drops of methyl orange are added

to the pearls and the flask C in order to indicate any change to

alkalinity, in which case more acid should be promptly added. D
* Kvischer u. Steudel : Zeit. f . phys. Chemie, Bd. xxxix, 1903, p. 12. Beger,

Fhigerling u. Morgan: ibid., p. 329. Malfatti : ibid., p. 467. Sorensen u.

Pederson : ibid., p. 513.

Fig. 137.- -Kjeldahl Apparatus.
(Birch.)
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is not necessary if a Liebig condenser is used. The tube B pre-

vents the alkaline fluid in A from spurting over into E. The tubes

E and B are made of broken pipettes of 50 or 100 c.c. capacity.

The decinormal acid into which the ammonia has condensed
is titrated with decinormal sodium hydrate, using methyl orange

as an indicator. The number of cubic centimeters of the ^/,o

NaOH used, subtracted from the amount of acid taken, gives the

amount of ammonia which has distilled over—i.e., every cubic

centimeter of acid neutraUzed by the ammonia is equivalent to

so much decinormal ammonia. Decinormal ammonia contains

1.4 grams of nitrogen to the liter, or 0.0014 grams to 1 c.c, so

that the amount of nitrogen can easily be computed by multi-

plying the number of c.c. of acid neutralized by 0.0014, which

gives the nitrogen in grams in 10 c.c. of urine. This method gives

a very accurate determination of the total nitrogen excreted in

the urine, including that from the urea, uric acid, creatinin,

ammonia, and amino acids.

UREA
• TU-TT

Urea is CON2H4 or CO/ trrT^- It is formed chiefly in the liver,

.

but probably also in other organs, from the end products of pro-

teid digestion, presumably the amino groups. The exact steps of

the synthesis between the amino bodies on the one side, and urea

on the other, are not known.

In the normal human urine, urea is found in amounts of from

20 to 30 grams in 24 hours. An approximate estimation in pro-

teid-free urine can be obtained by multiplying the total nitrogen

in grams by 2. Women secrete less than men. Children abso-

lutely less, but relatively more when the body weight is taken

into consideration.

The amount excreted in health is dependent very largely on

the quantity of proteid in the diet. In those who are on a milk

diet and in poorly fed working people whose nitrogen intake is

low because of the relatively small quantity of meat consumed,

the amount may be as little as 15 grams a day. On a mixed diet,

about 85 per cent, of the nitrogen excreted is in the form of urea;

on a strictly vegetable diet, 79 per cent. ; and on a diet rich in

proteid, 87 per cent.

The curve of excretion is irregular, with two elevations, one
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shortly after a meal, due to the absorption of the products of

gastric proteolysis, and the other four to seven hours after eating,

due to the absorption of the products of intestinal digestion.

In health, urea is not all excreted promptly, but in irregular

periods; usually a slight retention occurs lasting for a few days

and then the surplus is rapidly excreted. A slight increase is

seen after drinking large quantities of water, after severe exercise,

and after certain drugs, such as caffeine, theobromine, quinine,

salicylic acid, etc.

In disease, an increased secretion is seen in fever, when the

destruction of the proteids is increased ; and in diabetes, when the

same conditions apply as in the total nitrogen excretion. A
marked increase in the excretion is seen during the resorption of

an exudate or the resolution of a pneumonia.

A marked diminution in the excretion of urea is frequently

present in diseases of the liver, especially, those accompanied by
extensive destruction of the glandular substance. Under these

conditions the total excretion of nitrogen may be approximately

normal or only slightly diminished, but the urea excretion falls

considerably, and its place is taken by an increase in the amount
of the amino acids, the chief of which are leucin and tyrosin. In

some cases of acute degeneration of the liver the ammonia ex-

cretion reaches a high point and the urea is diminished without

any increase in the amino acids.

A diminished amount of urea is also found in starvation,

though the decrease is somewhat marked in that due to an ob-

structive carcinoma of the stomach or oesophagus, by the increase

in nitrogenous metabolism which results from the toxic effects

of the new growth.

In acute nephritis there may or may not be a diminution in

the excretion of urea due to retention in the body. In chronic

parenchymatous nephritis in the early stages the urea excretion

may be normal, but often shows fluctuations somewhat greater

than those observed in persons with healthy kidneys. In the

later stages of the disease when the diagnosis can be made without

the assistance of chemical analyses, the urea is often greatly

diminished in amount and the urea content of the blood increased.

In some cases of nephritis where a marked retention exists

the urea seems to exert some influence on the production of

oedema, for if these patients are given five or ten grams of urea
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by mouth marked diuresis will occasionally be produced with the

sweeping out of the surplus urea and the reduction of the oedema.

Other cases are on record, however, in which the administration

of comparatively small doses of urea has determined an extensive

oedema and a fatal termination of the disease.

The retention of urea in obscure cases of chronic diffuse

nephritis is unfortunately neither of sufficient degree nor constancy

to warrant the drawing of important diagnostic or prognostic

conclusions therefrom.

The practitioner would do well to spend his time examining

the urine for casts and albumin rather than in making quantitative

determinations of urea. In the early cases where the diagnosis

is important from the point of view of prognosis and treatment,

urea may be excreted in a perfectly normal manner. In the later

cases the diagnosis of nephritis can be made more simply and

surely by a physical examination of the patient and a study of

the albumin reactions and a microscopical examination of the

urinary sediment.

QUALITATIVE TESTS FOR UREA

The urea crystallizes in needles or long, colorless, rhombic

prisms. The melting point of these crystals is 130° C. At room
temperatures urea is soluble in an equal weight of water and in

5 parts of alcohol, the latter property being frequently made use

of in extracting urea from urinary residues obtained by concen-

trating urine by evaporation. Urea is insoluble in pure ether or

chloroform.

Urea nitrate is formed on the addition of nitric acid to urea. Its

crystalline form is that of thin, rhombic or hexagonal, colorless

plates, the most acute angle being 82°. The morphology of these

crystals is frequently of importance in demonstrating small quan-

tities of urea in cyst fluids. The fluid is concentrated and mixed
with a small quantity of strong nitric acid. The nitrates of the

alkalies, however, form crystals which resemble urea nitrate, and

a portion of the crystalHne product should always be tested by
heating for the formation of biuret.

Biuret Reaction.—Urea when heated gives off ammonia and
leaves an opaque white residue which contains cyanuric acid and
biuret. The residue is dissolved in water and treated with an
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excess of alkali and a trace of copper sulphate, when a beautiful

reddish violet color will be produced which is the biuret reaction.

Schiff's Reaction.—Two drops of a concentrated furfurol solu-

tion, four to six drops of twenty per cent, hydrochloric acid, and

a small crystal of urea are mixed. In a few minutes a deep violet

color appears in the fluid.

Another test which may be made use of depends upon the

reaction with sodium hypobromite in which urea is broken up
with the formation of sodium bromide, carbon dioxide, and nitro-

gen. The formula is given in the next paragraph.

QUANTITATIVE ESTIMATION OF UREA

Hjrpobromite Method.—The procedure most frequently used

to determine the urea in the urine is that dependent upon the

decomposition of that substance with sodium hypobromite and

the measurement of the gas evolved.

The reaction is as follows : CON2H4 + 3NaOBr = SNaBr + 2N
+ CO2 + 2H2O. As will be noted from the formula, the carbonic

acid is set free in a gaseous form, but practically the solution is

so arranged that the CO2 is absorbed by an excess of alkali always

present.

The solution of hypobromite is prepared by taking 70 c.c. of

a 30 per cent, stock solution of sodium hydrate and diluting it

with 180 c.c. of water, and then adding 5 c.c. of bromine and stir-

ring until all the bromine has been dissolved. The solution thus

made up will keep for about a week if kept in a cool, dark place.

The bromine should be mixed with the sodium hydrate solution

only after the latter has cooled, and the whole process should be

carried on under a hood or out of doors. If this is not possible,

some aqua ammonia should be poured about the desk near the

beaker in which the mixture is being made, to neutralize the fumes

of the bromine and to prevent their irritating action on the mucous

membranes of the nose of the operator.

Another method, which does not require the use of a stock

solution of sodium hydrate, is to make up a solution of 200 grams

of NaOH in 500 c.c. of water and then to add 12.5 c.c. of bromine

after the mixture has cooled.

The urine must be free from sugar and albumin and should

contain less than 1 per cent, of urea. If the urine contains more
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as it usually does, a rapid preliminary estimation will enable one

to dilute it to the proper strength.

In order to measure the gas evolved some form of graduated ap-

paratus is necessary, and for the practitioner the most convenient

procedure is to have the graduations so arranged that the readings

can be made directly in grams to the c.c. The most convenient

apparatus of this type is the

Doremus ureometer, and pref-

erably the more recent modi-

fication with a side tube to

admit the urine, which obvi-

ates the use of a pipette. The
instrument, as made by the

glass-blower, is easily upset, so

that it is well to embed the

glass foot in a cake of plaster of

Paris some three inches in

diameter, in order to render

the apparatus more steady.

The closed portion of the

U-tube is filled with the hypo-

bromite solution, and the

urine introduced either with

the pipette or by allowing it

to run in from the side tube

by opening the glass cock

arranged for that purpose.

After all the gas has risen

and the instrument has stood

for a short time the readings

may be made in grams to the

liter, or in percentage. The
results of the most careful de-

terminations with this appa-

ratus are extremely inaccurate, so there is no need of correction

for temperature and barometric pressure.

Much more satisfactory results may be obtained by the use of

a Lunge gas burette arranged as shown in Fig. 139, in which larger

quantities of urine can be decomposed by the hypobromite and
more accurate determinations made. The graduated tube and

Fig. 138.

—

Doremus Ureometer.
Improved form.
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the adjusting tube are filled with either water, glycerin, or old

hypobromite solution, the last being preferable.

The small bottle at the side is filled with about 25 c.c. of hypo-

bromite solution. Two c.c. or more of urine are measured off

and placed in a small test tube

which is carefully inserted in the

bottle so that none of the contents

mix with the hypobromite. The

cork is then pushed tightly into the

neck of the bottle. The Lunge

stop-cock is so arranged that the

apparatus communicates with the

air, in order to equalize the pressure,

and the column of water is brought

to the top of the graduated tube by

raising the other tube. The cock is

then turned so that the bottle con-

taining the urine and hypobromite

is in communication with the grad-

uated tube. The bottle is then

inclined so that the urine mixes

with the hypobromite solution, the

nitrogen is evolved, and the fluid

falls in the graduated tube. The

carbon dioxide is promptly absorbed

by the alkali, and in about half an

hour the pressure of the inclosed

nitrogen is equalized by lowering

the side tube until the fluid is the

same level in both.

The volume of gas liberated is

then read off and if 2 c.c. of urine has

been used, the amount of urea is obtained directly from the table,

using that one whose temperature corresponds most closely to the

temperature of the room. It is scarcely necessary to correct for

atmospheric pressure and the tension of the water vapor, as the

errors due to these factors are within the general error of the method.

The following tables from Simon and Regnard allow direct

reading of the quantity of urea corresponding to a given amount

of nitrogen at temperatures of 15°, 20°, 25°, and 30° C.

Fig. 139.

—

Ureometer with
Lunge Burette.



UREA.—TABLE FOR A TEMPERATURE OF 15° C.

1.

2.

3.
4.

5.

6.

7.

8.
9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

1.28,
2.56
3.84
5.12
6.40
7.68
8.96
10.24
11.53
12.81
14.091
15.37
16.65!
17.93!
19.21
20.49
21.771
23.05
24.34
25.62
26.90
28.18
29.46
30.74
32.02,
33.30'
34.58
35.86
37.15
38.43

1.41
2.69
3.97
5.25
6.53
7.81
9.09
10.37
11.65
12.93
14.22
15.50
16.78
18.06
19.34
20.62
21.90
23.18
24.46
25.74
27.03
28.31
29.59
30.87
32.15
33.43
34.71
35.99
37.27
38.55

T^O TO

1.53
2.811
4.101
5.38'
6.60
7.94|
9.22

10.50|
11.78
13.06
14.34
15.62
16.91
18.19
19.47
20.75
22.03
23.31
24.59
25.87
27.15
28.43
29.72
31.00
32.28
33.56
34.84
36.12
37.40
38.68

1.66
2.94
4.22
5.50
6.79
8.07
9.35
10.63
11.91
13.19
14.47
15.75
17.03
18.31
19.60
20.88
22.16
23.44
24.72
26.00
27.28
28.56
29.84
31.12
32.41
33.69
34.97
36.25
37.53
38.81

1.79
3.07
4.35
5.63
6.91
8.19
9.48
10.76
12.04
13.32
14.60
15.88
17.16
18.44
19.72
21.00
22.29
23.57
24.85
26.13
27.41
28.69
29.97
31.25
32.53
33.81
35.10
36.38
37.66
38.94

A
1.92
3.20
4.48
5.76
7.04
8.32
9.60
10.88
12.17
13.45
14.73
16.01
17.29
18.57
19.85
21.13
22.41
23.69
24.98
26.26
27.54
28.82
30.10
31.38
32.66
33.94
35.42
36.50
37.79
39.071

To"

2.04
3.33
4.61
5.89
7.17
8.45
9.73
11.01
12.29
13.57
14.86
16.14
17.42
18.70
19.98
21.26
22.54
23.82
25.10
26.38
27.67
28.95
30.23
31.51
32.79
34.07
35.35
36.63
37.91
39.12

2.17
3.46
4.74
6.02
7.30
8.58
9.86
11.14
12.42
13.70
14.98
16.26
17.55
18.83
20.11
21.39
22.67
23.95
25.23'
26.51
27.79|
29.07
30.36
31.64'

32.92j
34.20
35.481
36.79
38.04
39.32

T% tV

2.30
3.58
4.87
6.14
7.43
8.71
9.99
11.27
12.55
13.83!
15.11
16.39
17.67
18.95
20.24
21.52
22.80
24.08
25.36
26.64
27.92
29.20
30.48
31.76
33.05
34.33
35.61
36.89
38.17
39.45

2.43
3.71
4.99
6.27
7.55
8.83
10.12
11.40
12.68
13.96
15.24
16.52
17.80
19.08
20.36
21.64
22.93
24.21
25.49
26.77
28.05
29.33
30.61
31.89
33.17
34.45
35.74
37.02
38.30
39.58

UREA.—TABLE FOR A TEMPERATURE OF 20° C.

1.

2.
3.
4.

5.

6.
7.

8.

9.
10.
11.
12.

13.
14,

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

1.26
2.52
3.78
5.04
6.30
7.56
8.82
10.08
11.35
12.61
13.87
15.13
16.39
17.65
18.91
20.17
21.43
22.69
23.96
25.22
26.48
27.74
29.00
30.26
31.52
32.78
34.04
35.30
36.57
37.83

476

iV

1.38
2.64
3.91
5.17
6.43
7.69
8.95
10.21
11.47
12.73
13.99
15.25
16.52
17.78
19.04
20.30
21.56
22.82
24.08
25.34
26.60
27.86
29.13
30.39
31.65
32.91
34.17
35.43
36.69
37.95

1.51
2.77
4.03
5.29
6.55
7.81
9.08
10.34
11.60
12.86
14.12
15.38
16.64
17.90
19.16
20.42
21.69
22.95
24.21
25.47
26.73
27.99
29.25
30.51
31.77
33.03
34.30
35.56
36.82
38.08

_3_
1

1.63
2.90
4.16
5.42
6.68
7.94
9.20
10.46
11.72
12.98
14.25
15.51
16.77
18.03
19.29
20.55
21.81
23.07
24.33
25.59
26.86
28.12
29.38
30.64
31.90
33.16
34.42
35.68
36.94
38.20

1.76
3.02
4.28
5.54
6.81
8.07
9.33
10.59
11.85
13.11
14.37
15.63
16.89
18.15
19.42
20.68
21.94
23.20
24.46
25.72
26.98|
28.24
29 . 50
30.76
32.03
33.29
34.55
35.81
37.07
38.33

1.89
3.16
4.41
5.67
6.93
8.19
9.45
10.71
11.98
13.24
14.50
15.76
17.02
18.28
19.54
20.80
22.06
23.32
24.59
25.85
27.11
28.37
29.63
30.89
32.15
33.41
34.67
35.93
37.20
38.46

2.01
3.27
4.54
5.80
7.06
8.32
9.58
10.84
12.10
13.36
14.62
15.88
17.15
18.41
19.67
20.93
22.19
23.45
24.71
25.97
27.23
28.49
29.76
31.02
32.28
33.54
34.80
36.06
37.32
38.58

t\

2.14
3.40
4.66
5.92
7.18
8.44
9.71
10.97
12.23
13.49
14.75
16.01
17.27
18.53
19.79
21.05
22.32
23.53
24.84
26.10
27.36
28.62
29.88
31.14
32.40
33.66
34.93
36.19
37.45
38.71

TO"

2.26
3.53
4.79
6.05
7.31
8.57
9.83
11.09
12.35
13.61
14.88
16.14
17.40
18.66
19.92
21.18
22.44
23.70
24.96
26.22
27.49
28.75
30.01
31.27
32.53
33.79
35.05
36.31
37.57
38.83

1^15

2.39
3.65
4.91
6.17
7.44
8.70
9.96
11.22
12.48
13.74
15.00
16.26
17.52
18.78
20.05
21.31
22.57
23.83
25.09
26.35
27.61
28.87
30.13
31.39
32.66
33.92
35.18
36.44
37.70
38.96
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1

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

1.24
2.48
3.72
4.96
6.20
7.44
8.68
9.92
11.17
12.41
13.65
14.89
16.13
17.37
18.61
19.85
21.09
22.33
23.58
24.82
26.06
27.30
28.54
29.78
31.02
32.26
33.50
34.74
35.99
37.23

1.36
2.60
3.84
5.08
6.33
7.57
8.81
10.05
11.29
12.53
13.77
15.01
16.25
17.49
18.74
19.98
21.22
22.46
23.70
24.94
26.18
27.42
28.66
29.90
31.15
32.39
33.63
34.87
36.11
37.35

To

1.49
2.73
3.97
5.21
6.45
7.69
8.93
10.17
11.41
12.65
13.89
15.14
16.38
17.62
18.86
20.10
21.34
22.58
23.82
25.06
26.30
27.55
28.79
30.03
31.27
32.51
33.75
34.99
36.23
37.47

A
1.61
2.85
4.09
5.33
6.57
7.81
9.06
10.30
11.54
12.78
14.02
15.26
16.50
17.74
18.98
20.22
21.47
22.71
23.95
25.19
26.43
27.67
28.91
30.15
31.39
32.63
33.88
35.12
36.36
37.60

A
1.73
2.97
4.22
5.46
6.70
7.94
9.18
10.42
11.66
12.90
14.14
15.38
16.63
17.87
19.11
20.35
21.59
22.83
24.07
25.31
26.55
27.79
29.04
30.28
31.52
32.76
34.00
35.24
36.48
37.72

tV

1.86
3.10
4.34
5.58
6.82
8.06
9.30
10.54
11.79
13.03
14.27
15.51
16.75
17.99
19.23
20.47
21.71
22.95
24.20
25.44
26.68
27.92
29.16
30.40
31.64
32.88
34.12
35.36
36.61
37.85

To

1.98
3.22
4.46
5.70
6.95
8.19
9.43
10.67
11.91
13.15
14.39
15.63
16.87
18.11
19.36
20.60
21.84
23.08
24.32
25.56
26.80
28.04
29.28
30.52
31.77
33.01
34.25
35.49
36.73
37.97

tV

2.11
3.35
4.59
5.83
7.07
8.31
9.55
10.79
12.03
13.27
14.52
15.76
17.00
18.24
19.48
20.72
21.96
23.20
24.44
25.68
26.92
28.17
29.41
30.65
31.89
33.13
34.37
35.61
36.85
38.09

T^

2.23
3.47
4.71
5.95
7.19
8.43
9.68
10.92
12.16
13.40
14.64
15.88
17.12
18.36
19.60
20.84
22.09
23.33
24.57
25.81
27.05
28.29
29.53
30.77
32.01
33.25
34.50
35.74
36.98
38.22

2.35
3.59
4.84
6.08
7.32
8.50
9.80
11.04
12.28
13.52
14.76
16.00
17.26
18.49
19.73
20.97
22.21
23.45
24.69
25.93
27.17
28.41
29.66
30.90
32.14
33.38
34.62
35.86
37.10
38.34

UREA.—TABLE FOR A TEMPERATURE OF 30° C.

1 1*^ T^^ T^ tV tV tV tV tIt t\

1 1.22 1.34 1.46 1.58 1.71 1.83 1.95 2.07 2.19 2.32
2 2.44 2.56 2.68 2.80 2.93 3.05 3.17 3.29 3.41 3.54
3 3.66 3.78 3.90 4.03 4.15 4.77 4.39 4.51 4.64 4.76
4 4.88 5.00 5.12 5.25 5.37 5.49 5.61 5.73 5.86 5.98
5 6.10 6.22 6.35 6.47 6.59 6.71 6.83 6.96 7.08 7.20
6 7.32 7.44 7.57 7.69 7.81 7.93 8.05 8.18 8.30 8.42
7 8.54 8.67 8.79 8.91 9.03 9.15 9.28 9.40 9.52 9.64
8 9.76 9.89 10.01 10.13 10.25 10.37 10.50 10.62 10.74 10.86
9 10.99 11.11 11.23 11.35 11.47 11.60 11.72 11.84 11.96 12.08
10 12.21 12.33 12.45 12.57 12.69 12.82 12.94 13.06 13.18 13.30
11 13.43 13.55 13.67 13.79 13.92 14.04 •14.16 14.28 14.40 14.53
12 14.65 14.77 14.89 15.01 15.14 15.26 15.38 15.50 15.62 15.75
13 15.87 15.99 16.11 16.24 16.36 16.48 16.60 16.72 16.85 16.97
14 17.09 17.21 17.33 17.46 17.58 17.70 17.82 17.94 18.07 18.19
15 18.31 18.43 18.56 18.68 18.80 18.92 19.04 19.17 19.29 19.41
16 19.53 19.65 19.78 19.90 20.02 20.14 20.26 20.39 20.51 20.63
17 20.75 20.88 21.00 21.12 21.24 21.36 21.49 21.61 21.73 21.85
18 21.97 22.10 22.22 22.34 22.46 22.58 22.71 22.83 22.95 23.07
19 23.19 23.32 23.44 23.56 23.68 23.81 23.93 24.05 24.17 24.29
20 24.42 24.54 24.66 24.78 24.90 25.03 25.15 25.27 25.39 25.51
21 25.65 25.76 25.88 26.00 26.13 26.25 26.37 26.49 26.61 26.74
22 26.86 26.98 27.10 27.22 27.35 27.47 27.59 27.71 27.83 27.96
23 28.08 28.20 28.32 28.45 28.57 28.69 28.81 28.93 29.06 29.18
24 29.30 29.42 29.54 29.67 29.79 29.91 30.03 30.15 30.28 30.40
25 30.52 30.64 30.77 30.89 31.01 31.13 31.25 31.38 31.50 31.62
26 31.74 31.86 31.99 32.11 32.23 32.35 32.47 32.60 32.72 32.84
27 32.96 33.09 33.21 33.33 33.45 33.57 33.70 33.82 33.94 34.06
28 34.18 34.31 34.43 34.55 34.67 34.79 34.92 35.04 35.16 35.28
29 35.41 35.53 35.65 35.77 35.89 36.02 36.14 36.26 36.38 36.50
30 36.63 36.75 36.87 36.99 37.11 37.24 37.36 37.48 37.60 37.72
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Mdmer-Sjoqvist Method.^—This method is considered to be

one of the most accurate. FiA^e c.c. of the urine to be examined,

from which albumin should be removed, are mixed with 5 c.c. of

baryta mixture and 100 c.c. of alcohol and ether containing two

volumes of 97 per cent, alcohol and one volume of anhydrous

ether. The baryta mixture is composed of a saturated barium

chloride solution containing 5 per cent, of barium hydrate. The

combination is allowed to stand until the next day, is filtered,

and the residue washed with fresh alcohol and ether mixture, and

the combined filtrates evaporated at a temperature not exceeding

60° C. When the volume has been reduced to about 25 c.c, some

water and a little calcined magnesia, stirred up in twelve parts

of water, are added, and the whole heated to drive off the ammonia.

The process is continued until the vapor does not show any alka-

linity when tested with a moistened strip of litmus paper. The
fluid and the residue are washed into a Kjeldahl flask of Jena

glass, a little sulphuric acid is added, and finally, 10 c.c. of the

concentrated acid ; the mixture is heated, and the nitrogen deter-

mined as in the Kjeldahl process. One part of nitrogen is equiva-

lent to 2.143 parts of urea.

In urines which contain large quantities of hippuric acid the

method does not give correct results. ^ Braunstein^ has therefore

suggested a modification which gives a more accurate determina-

tion. After the evaporation of the ammonia as above the fluid

is poured into a small flask containing ten grams of crystalline

phosphoric acid, or the equivalent amount of solution, and the

whole heated in a hot air sterilizer for four and one-half hours at

a temperature between 140° and 145° C. The air bath should

have a thermoregulator, so that the temperature is kept within

these limits. After cooling, the residue is dissolved in water, the

solution transferred to a Kjeldahl flask, rendered alkaline by
the addition of 10 c.c. of 30 per cent, sodium hydrate, and the am-
monia distilled off into decinormal sulphuric acid.

Folin's Method.^—Three c.c of the urine is measured into an

Erlenmeyer flask of 200 c.c. capacity, and 2 c.c. of concentrated

iSkand. Arch. f. Phys., Bd. ii, 1891, p. 438; also, Zeit. f. phys. Chemie,

Bd. xvii, p. 140.

^ Salaskin u. Zaleski: Zeit. f. phys, Chemie, Bd. xxviii, p. 73.

3 Zeit. f. phys. Chemie, Bd. xxxi, 1901, p. 381.

* Zeit. f. phys. Chemie, Bd. xxxii, 1901, p. 504; ibid., Bd. xxxvii, p. 548.
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HCl (sp. gr. 1.14) and twenty gram of magnesium chloride

added. The flask is closed by a tight-fitting cork perfoi ated for a

vertical condensing tube of about 10 mm. diameter and 20 cm.

length, to prevent the escape of all the hydrochloric acid The
contents of the flask are now boiled for ten minutes in order to

remove the excess of water. At the end of this time the drops of

condensed water, falling back into the hot mixture below, give

rise to a sharp hissing sound. When this is noticed the flame

should be lowered and the contents of the flask gently boiled for

half an hour. Some distilled water is carefully allowed to run

down the glass tube into the flask in order to prevent any separa-

tion of the magnesium chloride crystals, and then the solution is

washed out into a liter flask and diluted to 500 c.c. Eight c.c. of

20 per cent, solution of sodium hydrate and a small amount of

chalk are added, and the ammonia distilled off into a measured

quantity of ^/,o sulphuric acid, and the amount of free acid

remaining is determined by titration with -^/lo sodium hydrate

as in the Kjeldahl process. The amount of distillate required to

carry over all the ammonia is about 350 c.c. About one hour is

sufficient to obtain this quantity. The distillate must be boiled

before titration to remove any CO2 which may be present.

Commercial magnesium chloride contains ammonia, so that the

salt used must always be previously tested by the Kjeldahl method

to determine the amount present, and this figure is to be sub-

tracted from the result. Morner ^ has carefu y tested the method

and finds that it gives excellent results, especially if the urine is

first mixed with barium hydroxide. He suggests 5 c.c. of urine,

2 grams of barium hydroxide, and 100 c.c. of alcohol-ether mixture

(one third ether). The urea is determined in the residue obtained

after the evaporation of the alcohol-ethe with some calcined

magnesia. This modification is especially important when sugar

is present.

Schondorff's Method.^—The solutions required are as follows

:

a. One hundred g ams of phosphotungstic acid and 100 c.c.

of hydrochloric acid of a specific gravity of 1 024 are placed in a

measuring flask and the mixture fifled up to 1,000 c.c. The cloudy

1 Skand. Arch. f. Phys., Bd. xiv, 1903, p. 297.

2 Arch. f. d. Gesammte Phys., Bd. Ixii, 1896, p. 1. The method here given

is that recommended by von Jaksch, and differs slightly from the original

procedure as published by Schondorff.
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solution is thoroughly shaken and filtered through asbestos

fiber. If the cloud reappears the solution should be again

filtered.

b. Ten per cent, solution of crystallized orthophosphoric acid

in distilled water.

Twenty c.c. of the urine are measured out and precipitated

with 60 c.c. of the phosphotungstic acid solution and allowed to

stand for twenty-four hours.

Five c.c. of the same specimen of urine are precipitated with

15 c.c. of the same solution and filtered. To the filtrate are added

several c.c. of the phosphotungstic acid. If a cloud appears in a

few minutes an additional 5 c.c. of phosphotungstic acid should

be added to the mixture of 20 c.c. of urine and 60 c.c. of phos-

photungstic acid solution which was first made. This procedure

should be repeated until further addition gives no precipitate,

but an excess should be carefully avoided. Usually 60 c.c. of

the phosphotungstic acid solution are sufficient for 20 c.c. of the

urine. After the mixture of urine and phosphotungstic acid has

stood for twenty-four hours it is filtered and the filtrate rubbed

up with calcium hydrate until an alkahne reaction appears, which

is made evident by the blue color of the mixture. The solution is

then filtered through a Schleicher and Schiill No. 581 paper, and

an aliquot part, usually 20 c.c. corresponding to 5 c.c. of the urine,

is measured off. To this are added 10 c.c. of the phosphoric acid

solution and the fluid poured into a Kjeldahl flask of about 500 c.c.

capacity. The flask is placed in a sand bath and surrounded by
an asbestos hood with an opening above for the neck. The fluid

in the flask is then heated to 150° C. for four hours, the temperature

being observed by means of a thermometer. The residue is then

dissolved in water, 80 c.c. of a 25 per cent, sodium hydrate solu-

tion are added, and the whole is distilled after the addition of

talc powder. The ammonia which passes over is collected in

tenth normal sulphuric acid. One c.c. of decinormal sodium

hydrate corresponds to 0.0014 grams of nitrogen. In order to

compute the amount of urea this figure should be multipHed by
2.143.

The method can not be applied when large quantities of sugar

are present in the urine, and it is also necessary to test the re-

agents by a blank experiment in order to determine the amount
of ammonia which may be present.
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URIC ACID

Uric acid is formed in the body by the decomposition of the

nucleins of the nuclei of the cells of the food and of the body.

These nucleins are of a very complicated structure and break up

when digested into a series of compounds which are called col-

lectively, the alloxur, xanthin, or purin bodies. The latter name
is given because all these bases and uric acid seem to be derived

from a hypothetical substance called by Fischer, purin.

Under perfectly normal conditions the twenty-four hour urine

of an adult contains the widely varying amounts of from 0.39 to

2 grams of uric acid. In males the average of a large series of

observations can be considered as from 0.5 to 0.75 gram ; in females

0.3 to 0.5 gram in twenty-four hours. The variations in the figures

depend somewhat upon the accuracy of the different methods

used in quantitative determinations, the difference in the food

ingested, and to a considerable degree on the age and personal

equation of the subject examined.

In infancy and especially during the first few days after

birth, the excretion is relatively much higher than in later life.

The variations due to personal idiosyncrasy are not dependent

on the varying amounts of food used by the different persons,

but upon some as yet little understood difference in individual

metabohsm.i

It has been found that a certain amount of the uric acid ex-

creted is derived from the nucleins of the food, but if a person is put

upon a nuclein-free food, such as milk, qr fasts for a time, there is

still a constant excretion of uric acid derived from the nuclei of

the cells of the body. This excretion has been designated the

endogenous purin, while that which is derived from the food has

been termed exogenous. The latter is very variable and can be

raised and lowered by a suitable diet. The endogenous purin, on

the other hand, is quite constant, but varies in different individuals.

It may be considered as from 0.4 to 0.57 gram per day.^

1 For the theories of the formation of uric acid, see Wiener: Asher-Spiro,

Ergebnisse d. Physiologic, Bd. i, 1902, p. 555; also, Halliburton: Brit. Med.

Journal, September, 1900, p. 735.

2 Burian u. Schur: Pflugers Arch., Bd. Ixxx, 1900, p. 241, and Bd. Ixxxvii,

1901, p. 239. Kaufmann u. Mohr: Deut. Arch. f. kUn. Med., Bd. Ixxiv,

1902, p. 141.

'V^
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The influence of food not containing an excess of nucleins upon
the excretion of uric acid is sHght. For instance, Hermann gives

the following figures: Vegetable diet, 0.478 gram; mixed diet,

0.636 to 0.674 gram; meat diet, 0.981 gram. Meat causes an

increase in the uric acid excretion because of its large content of

extractives
;
pure proteid or albumose causes no increase, while

Liebig's beef extract causes a large increase. Eggs and milk exert

practically no increase as a rule; sometimes they decrease the

output. Fats cause little or no change.

Tissues rich in nuclein, like thymus ^ and liver, cause almost

constantly a considerable increase in the excretion of uric acid

and may even double it; the same is seen after the ingestion of

nuclein preparations. The effect of sugars or starch is not con-

stant. The administration of large quantities may cause a tran-

sient increase, but only by their action on metabolism, not because

they are capable of being transformed into uric acid. Drinking

of large quantities of water increases the excretion slightly. Al-

cohol increases the amount excreted very slightly.

It is possible for the uric acid to be derived from the nuclei

of the leucocytes, and an increase in the uric acid excretion is

observed when there is a great destruction of these cells, such as

occurs, for instance, in leukaemia, in which disease very large

amounts of uric acid are excreted, rising even to 8 grams in

twenty-four hours.

During a leucocytosis with only a moderate increase in the

number of leucocytes the uric acid may or may not be perceptibly

increased. This may be due to the fact that the increase of the

leucocytes in the circulation may not be accompanied by increased

destruction, and that the amount of uric acid excreted from the

body does not furnish any clue to the amount formed.

In resolving pneumonia and acute degeneration of the liver, in

both of which conditions there is great destruction of a tissue rich

in nucleins, the amount of uric acid excreted may be very large.

Uric acid is also eliminated in the seces in moderate amounts,

so that the whole excretion can not be estimated by the analysis

of the urine alone.

^ Weintraud: Berl. klin. Woch., 1895, p. 405. See also Fogr^ .• Deut. Arch,

f. klin. Med., Bd. Ixxi, 1901, p. 21. Reach : Munch, med. Woch., 1902, p. 1215.

(Both observers noted that an attack of gout followed ingestion of consid-

erable amounts of sweetbread.)
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Gout ^ has long been considered to be due to the increase of

uric acid in the blood, and there are reasons for thinking that there

may be such an increase in certain cases; but modern investi-

gations with more accurate methods than those formerly em-

ployed have tended to cast some doubt upon the constancy of

this condition, and it has been found that while in acute gout the

amount of uric acid may be high, it is also often low and never in

so large a quantity in the blood and urine as in leukaemia. Evi-

dently the mere presence of an excess of uric acid does not deter-

mine an attack of gout.

It has been suggested that though in gout there may be no

great increase in the amount of uric acid in the urine, yet the

deposits of urates in the tissues in gout might be accounted for by
the fact that the uric acid is formed locally in the tissues, and

that the uric acid so formed incites the toxic symptoms.

It has also been suggested that the other purin bodies, xanthin,

hypoxanthin, etc., are the toxic agents in gout.

The whole question is still unsettled and in need of fresh

observations with accurate methods. Our present knowledge

merely points to an underlying disorder of metabolism, the nature

of which is not understood, but which is accompanied by deposi-

tion of urates in the tissues and a variation in the excretion of

uric acid from the normal.

The ratio between the total nitrogen and the uric acid, and

the ratio between the latter and urea, have been found so variable

even in health that no facts of clinical importance can be derived

from them. The same is true of the mere quantitative determina-

tion of the uric acid excretion, especially if the patient is on a

mixed diet, for a meal containing moderate amounts of sweet-

bread, liver, or other food rich in nucleins, will raise the excretion

of uric acid more than an attack of gout.

The quantitative estimation of the purin bodies has as yet

produced no facts of clinical value. The diagnosis of gout must

rest for the present upon clinical symptoms, and not upon chem-

ical analyses of the urine.

Uric acid is of clinical interest from another point of view

—

' A very complete monograph with a full discussion of the theories concern-

ing gout is that by Minkowski: Die Gicht, Nothnagel's Handbuch, Bd. vii,

Wien, 1903; see also Schreiber: Ueber die Hamsaure, Stuttgart, 1899; and

Futcher: Jour. Amer. Med. Ass'n, 1902, vol. xxxix, p. 1046.
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that of the formation of uric-acid infarcts in the kidneys of the

new-born and calcuH in the urinary tract. For the identification

of the uric acid in these situations the following tests are of value.

QUALITATIVE TESTS FOR URIC ACID

a. A few crystals of the material are placed on a slide and

dissolved in dilute NaOH. If now a drop of dilute HCl is allowed

to flow under the cover glass, typical whetstone-shaped crystals

will form of uric acid.

h. Murexide test. A small quantity of the specimen is moist-

ened with HNO3 in a small porcelain dish and gently warmed
until a yellowish red residue is left ; this is then treated with a

very little ammonia, when the color will be altered to a beautiful

purple color changing to a deep blue on the addition of a little

NaOH. If the fluid is warmed the color disappears, and when
evaporated the color does not reappear, which is a point of differ-

ence between uric acid and xanthin or guanin, the color returning

in the case of the two purin bases mentioned.

c. Uric acid dissolved in dilute sodium carbonate and dropped

on a paper wet with silver nitrate, leaves a dark spot of reduced

silver.

d. Uric acid dissolved in dilute NaOH and treated with Feh-

ling's solution gives a precipitate of white cuprous oxide in com-

bination with uric acid, and finally of red cuprous oxide, this prop-

erty of uric acid accounting for a portion of the normal reducing

power of the urine. The reduction due to uric acid may be

somewhat diminished in amount if the urine to be tested is

filtered through animal charcoal before the titration.

There is no simple method of estimating the uric acid in the

urine; the most accurate method is the Ludwig Salkowski, which

should always be employed for scientific purposes.

QUANTITATIVE DETERMINATION OF URIC ACID

Ludwig-Salkowski Method.^—The principles underlying this

method are the precipitation of uric acid as a silver magnesium
urate in the presence of magnesium salts, by ammoniacal silver

solution, and the solubility of silver chloride in ammonium hydrate.

Two hundred c.c. of urine, diluted so that its specific gravity does

^Salkowski: Practicum, second edition, 1900.
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not exceed 1.020, are mixed with 50 c.c. of magnesia mixture in a

graduated cylinder; made up with water to 300 c.c, and imme-
diately filtered through a dry filter paper into a beaker Two
hundred c.c. of the filtrate are measured off and 10 to 15 c.c. of

a 3 per cent, solution of silver nitrate are added The precipitate

must be of a flocculent, gelatinous nature If it is white, it is

an evidence that too much chloride of silver is present, and some
ammonia must be added and the whole thoroughly stirred. A
few white granules of chloride of silver in the precipitate do not

interfere with the accuracy of the method. The precipitate is

allowed to settle and a small quantity of the supernatant fluid is

removed with a pipette and aciduated with nitric acid. It should

cloud from the formation of silver chloride, an evidence that

an excess of silver is present in the solution. If this clouding

does not appear, the sample should be rendered alkahne with

ammonia, poured back into the main mass of the fluid and several

c.c. of silver nitrate solution added. Occasionally it is necessary

to add more ammonia. Then the supernatant fluid should be

again tested by acidulation with nitric acid in the same manner
as before. If an excess of silver is present the precipitate is

filtered through a Schleicher and Schiill paper, No. 597, any par-

ticles adhering to the inside of the beaker carefully removed with

a glass rod covered with soft rubber tubing, and washed on to

the filter so that none of the precipitate is lost. The residue on

the filter is then washed with water until the filtrate shows no

cloudiness when acidulated with nitric acid ; in other words, until

no silver is present, and also until when on the addition of a little

silver nitrate there is only a shght cloudiness, showing that only a

small amount of chlorides are present. The funnel is now placed

in the neck of a 500 c.c, flask. The tip of the filter is perforated

with a glass rod and the precipitate carefully washed into the

flask and shaken up. It is acidulated with a couple of drops of

hydrochloric acid. Hydrogen sulphide is then passed through

the mixture. The whole is frequently shaken until the filtrate

is saturated with the gas. When this occurs the mixture is heated

to the boiUng point, filtered, and the flask washed out with hot

water two or three times. It is important to examine the sul-

phide of silver which is retained on the filter in order to see whether

any crystals of uric acid are present. The filtrate must be clear

and colorless. If it is dark it must be immediately returned
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through the filter until the filtrate is perfectly clear. If only a

little of the silver sulphide passes through it can be neglected.

The filtrate is evaporated, first over a flame, then over a water

bath, until it is reduced to a few c.c. Five to eight drops of

hydrochloric acid are added and the whole allowed to remain

until the next day. The uric acid separates out in crystalline

form and is usually only slightly colored. If any silver sul-

phide separates out during the process of evaporation it can be

removed by filtration, but it is important not to filter after the

volume of the solution is reduced to one-half, as otherwise some

uric acid may be retained on the paper.

It is now necessary to determine the quantity of the uric acid

which has separated out. For this purpose a nine centimeter

filter is dried in a weighing bottle at 110° C, and weighed. The

uric acid is then very carefully brought on to this filter paper, using

a portion of the filtrate for the purpose of washing the crystals

out of the beaker. As soon as they are completely transferred

to the filter, the crystals are washed with a small quantity of

water until the filtrate shows no reaction for chlorides. The

filtrate and the wash water are collected and measured. The

bulk should not exceed 50 or 60 c.c. The funnel is then filled

twice with strong alcohol and once with ether, and the filter and

its contents are dried and weighed. The difference between the

original weight of the paper and the second result is the amount

of uric acid. When small quantities of uric acid are present a

correction should be made for the solubility of the uric acid in

the filtrate plus the wash water. For each 10 c.c. of these fluids,

five-tenths of a milHgram of uric acid should be added to the total

amount.

Hopkins* Method as Modified by Folin.^—The reagents re-

quired are

—

a. A solution of 500 grams of ammonium sulphate, 5 grams of

uranium acetate, and 60 c.c. of a 10 per cent, solution of acetic

acid, dissolved in 650 c.c. of water.

6. A twentieth normal solution of potassium permanganate

made by dissolving 1.581 grams of Kahlbaum's chemically pure

potassium permanganate in 500 c.c. of water. If especially

accurate results are desired the strength of the potassium per-

^Zeit. f. phys. Chem., Bd. xxxii, 1901, p. 552.
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manganate should be determined by titration against a standard

solution of oxalic acid, as given in the Appendix.

c. Pure concentrated sulphuric acid. Three hundred c.c. of

the urine to be tested are placed in a half Hter flask and 75 c.c.

of the ammonium sulphate mixture added in order to precipitate

a mucoid substance which interferes with the precipitation of the

ammonium urate.

After the mixture has stood for about five minutes it is

filtered through a double folded filter and two portions each of

125 c.c. are measured off from the filtrate into two beakers.

Five c.c. of concentrated ammonia are added to the contents

of the beakers, and after stirring they are set aside until the

next day. The supernatant fluid is carefully filtered through a

Schleicher and Schiill filter, No. 597. The precipitated ammonium
urate is washed on to the filter by means of a 10 per cent,

ammonium sulphate solution, and then the filter is filled up twice

with the same reagent. The titration is not interfered with

by traces of chlorides, and the whole filtration and washing can

be completed in from twenty to thirty minutes.

The urate precipitate is then washed into a beaker with about

100 c.c. of water; 15 c.c. of concentrated sulphuric acid are added

and the solution immediately titrated while still warm. Toward
the end of the reaction the permanganate solution should be

added in portions of two drops each until a faint rose color is

seen throughout the entire fluid. Each c.c. of twentieth normal

permanganate solution corresponds to 3.75 milligrams of uric

acid. Three milligrams of uric acid should be added to the results

for each 100 c.c. of the urine used, on account of the solubility of

ammonium urate which remains in the fluid and is not pre-

cipitated.

E. E. Smith 1 prefers to decompose the ammonium urate on

the filter by means of hydrochloric acid and weigh the separated

uric acid as in the Salkowski method.

Folin also suggests a modification of the Salkowski process by

titrating the uric acid which separates instead of weighing it.

The crystals of the acid should be dissolved by means of a small

amount of chemically pure sodium hydrate solution. The hydrate

used should not be the so-called ''purified by alcohol,'^ because

^ Oral communication.
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this contains some sodium alcoholate which reduces pe manganate,

but the ''pure from sodium." The solution should be made up

to 100 c.c, the 15 c.c. of sulphuric acid added and the mixture

titrated as above.

PURIN BODIES

The members of the purin group which have been found in the

urine are xanthin, hypoxanthin, adenin, paraxanthin, heteroxan-

thin, episarkin, epiguanin, and methylxanthin.

The amount of these substances which is excreted in the urine

in twenty-four hours is very small, and va ies a good deal in

different individuals. Unfortunately the analytical methods for

the quantitative determinations of these substances are not above

criticism and the results must be regarded as only approximate.

It has been estimated that from 15 to 45 milligrams, chiefly of the

xanthins, are excreted in the urine in twenty-four hours. These

bodies appear to be chiefly derived from the theobromine, caffeine,

and theophyllin contained in the food, the caffeine and theobromine

being especially abundant in coffee, tea, and cocoa. There seems

to be no doubt, however, that a portion of the purin bases are

derived from the nucleins of the bodj^ and are therefore entitled

to be considered as endogenous purins.

There is no simple method for the accurate quantitative

determination of these substances, though HalU has devised an

apparatus for the estimation of the total purin excretion which

furnishes approximate results. The method is based upon the

measurement of the bulk of the precipitate of silver purin pro-

duced in a urine containing an excess of ammonia. It is evident

that the results can be only approximate.

THE DETERMINATION OF URIC ACID AND THE PURIN BASES IN

THE URINE

The Method of Kriiger and Schmid.^—This may be used to

determine both the purin bases and uric acid. The principle of

the process is to precipitate both the uric acid and the purin bases

in combination with oxide of copper and then to decompose the

precipitate with sodium sulphide. Hydrochloric acid will then

1 Wien. klin. Woch., vol. xvi, 1903, p. 411.

2 Hoppe-Seyler : Handbuch der chem. Analyse, p. 435.
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separate the uric acid from the solution, while the purin bases

pass through and can be separated from the filtrate by the forma-

tion of either copper or silver compound. Finally, the nitrogen

of both the uric acid and the purin precipitate is determined by
the Kjeldahl method.

The reagents necessary are

:

1. Commercial sodium bisulphite solution (Kahlbaum).

2. Ten per cent, copper sulphate solution.

3. Sodium sulphide solution made up by saturating a 1 per

cent, sodium hydrate solution with H2S and adding an equal

bulk of 1 per cent, sodium hydrate.

4. A suspension of manganese dioxide in water, which may be

obtained by heating a 0.5 per cent, solution of potassium per-

manganate with a little alcohol until it is decolorized.

5. Ten per cent, hydrochloric acid.

6. Ten per cent, acetic acid.

7. Solid sodium acetate.

Four hundred c.c. of the urine should be taken, the total ex-

cretion in twenty-four hours having been diluted so as to make
this amount one-fourth or one-fifth of the total. Albumin if

present is to be removed by heating with dilute acetic acid and

filtering. The urine is then placed in a liter flask, 24 grams of

sodium acetate and 40 c.c. of sodium bisulphite solution are

added, and the whole heated to boiling, and, after the addition of

40 to 80 c.c. of the copper sulphate solution, is kept at the boil-

ing point for at least three minutes. The amount of copper

sulphate added depends upon the content of the specimen in purin

bases. The flocculent precipitate which forms is filtered off,

washed with hot water until the wash water is colorless, and then

returned to the flask by puncturing the tip of the filter paper and

washing through with hot water.

The addition of water is continued until the fluid amounts to

about 200 c.c. It is then heated to boiUng, and the copper oxide

precipitate is decomposed by the addition of 30 c.c. of sodium

sulphide solution. In general this amount is sufficient, but it is

always advisable to see that there is an excess of sulphide present

by placing a drop of the solution in contact with a drop of lead

acetate, when a brown color will show an excess of sodium sul-

phide. As soon as decomposition is complete the mixture is

acidulated with acetic acid and boiled until the sulphur which
83
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separates is collected in a mass. The hot fluid is filtered by means

of a filter pump, washed with hot water, 10 c.c. of ten per cent,

hydrochloric acid added, and the filtrate evaporated in a por-

celain dish to 10 c.c. The filtrate should be allowed to stand

for two hours, during which time the uric acid will separate, while

the purin bases remain in- the solution. The uric acid is then

filtered off, using a small filter, and washed with water containing

sulphuric acid until the filtrate and wash water together amount

to 75 c.c, after which the filter paper and its contents are oxidized

by the Kjeldahl method. The nitrogen obtained should be mul-

tiplied by three to give the uric acid, and three and one-half

milligrams are added to the total to correct for the uric acid which

has gone through the filter in the 75 c.c. of wash water and filtrate.

In the filtrate the purin bases can be determined by precipi-

tating with copper sulphate. The fluid is rendered alkaline with

sodium hydrate, then faintly acid with acetic acid, warmed to

70° C, and 1 c.c. of a 10 per cent, acetic solution and 10 c.c. of

the suspension of manganese dioxide added to the fluid in order

to oxidize the small amounts of uric acid which may still remain

in the filtrate. The whole is then shaken for one minute, 10 c.c.

of sodium bisulphite solution added, which will dissolve the

excess of the manganese dioxide, and then 5 c.c. of the 10 per cent,

copper sulphate solution. The fluid is boiled three minutes. The

precipitate is filtered off through a filter, washed with hot water,

and the nitrogen determined by the Kjeldahl method. No factor

can be obtained for the nitrogen of the purin bases because the

composition and proportion of these substances in the urine is

variable and not determined by the process, so that the results

must be expressed in terms of nitrogen.

PROTEIDS IN THE URINE

When we speak of proteids in the urine we include a con-

siderable group of substances of quite varying chemical positions.

The same is true of the word albumin as used in a clinical sense;

the term is applied loosely to include a number of related sub-

stances not strictly albumins. For a clear understanding, then,

of the nature of the reactions used in determining the presence or

the absence of the albumins in the urine, a slight resume of the

classification and the general reactions of these substances is

necessary.
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In the urine we may find mucin and nucleo-albumin, com-

pounds chiefly interesting from the point of view that their re-

actions compHcate the reactions of the other proteids. Serum
albumin may be present, and usually with it one of the globulins.

Of these, fibrinoglobulin and euglobulin are especially abundant

in febrile albuminuria. In advanced chronic nephritis pseudo-

globulin may be present in large quantities.^

Besides these, in certain cases, two varieties of albumose may
appear in the urine—one very rarely, as the so-called Bence

Jones' albumose or proteid; and the other, one of the normal

albumoses of digestion, a secondary or deuteroalbumose. Peptone

is not found except as a product of the digestion of an albumose by

the pepsin always present in the urine, and as so found is always

in such small quantities that it escapes detection by the ordinary

methods.2 Fibrin and haemoglobin are also occasionally present,

and very rarely bodies of the histon and nucleohiston group. ^^

COLOR REACTIONS OF THE PROTEIDS

Biuret Reaction.—If an excess of strong NaOH is added to

a soluble proteid and then a few drops of very dilute copper sul-

phate solution, a bluish or violet color will appear in the case

of a proteid, or a pure pink with albumoses, peptones, and his-

tons. It is important to avoid an excess of the copper salt, as

the bliK color masks the reaction. The formation of this color

is due to the presence in the proteid molecule of a substance con-

taining two CONH2 groups united to a C or N atom, the simplest

and best known of these being biuret, HN/ ^^^tt^ ; which can
nOUJN XI2

be obtained by heating urea. The sensitiveness of this reaction is

very great, as it will show one part of peptone in 100,000 of water.

It is less sensitive to serum albumin than to albumose or peptone,

as the former has first to be split up by the alkali in order to give

the reaction. The biuret reaction is given by urobihn (see under

Methods of Testing for Albumose in the Urine).

1 For further details see Calvo : Zeit. f. klin. Med., Bd. li, 1904, p. 508, and

Oswald: Beit. z. chem. Phys. u. Path., Bd. v, 1904, p. 234.

2 See, however, Ito: Deut. Arch. f. klin. Med., Bd. Ixxi, 1901, p. 29, who

claims to have found true peptone in the urine in pneumonia.

3 Krehl u. Matthes : Deut. Arch. f. klin. Med., Bd. liv, 1895, p. 501; also

Kolisch u. Burian: Zeit. f. klin. Med., Bd. xxix, 1896, p. 374.
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Xanthoproteic Reaction.—On warming a proteid with strong

nitric acid a deep yellow color is produced which becomes reddish

brown on the addition of NaOH, and orange with NH3.
Millon's Reaction.—If a proteid is boiled with Millon's re-

agent a brick red color and also a red precipitate will appear in

the solution. The reaction shows that the proteid molecule con-

tains an aromatic substance in which one H of the benzol group
has been replaced by an OH. Phenol is a good example of such a

substance, and in the case of the proteid the reaction is due to the

presence of tyrosin in the molecule of the proteid.

Sulphur Reaction.—If the solution of a proteid is boiled with

Nylander's solution the mixture will be darkened by the forma-

tion of bismuth sulphide. The proteid must therefore be removed
from urine before testing for sugar with Nylander's solution. The
sulphide is formed by spUtting off H2S from the proteid molecule.

The reaction may also be carried out with lead, using a few
drops of plumbic acetate in the solution of proteid to be tested,

and then adding enough sodium hydroxide to dissolve the pre-

cipitate of lead hydroxide which forms. The mixture blackens

when heated, from the formation of lead sulphide. The reaction

is due to the presence of sulphur in the proteid molecule, part of

which exists as cystin.

Carbohydrate Reaction.—The carbohydrate group in the pro-

teid molecule can be demonstrated by adding to a solution of a

proteid a few drops of an alcoholic solution of a-naphthol and then

some strong sulphuric acid. A violet color will be produced,

which becomes yellow on the addition of alcohol, ether, or NaOH
(Molisch's test). The strong sulphuric acid acting on the carbo-

hydrate group produces furfurol, which gives the color with

a-naphthol. This test will also show the carbohydrates normally

present in the urine.

Reaction of Adamkiewicz.—The proteid solution is mixed with

one volume of concentrated sulphuric acid and two volumes of

glacial acetic acid. A reddish violet color is produced which is

due to glyoxylic acid which contaminates commercial acetic acid

reacting with the proteid. ^ It is an evidence of the presence of a

member of the indol group, especially skatol-amino-acetic acid or

tryptophan.

1 Hopkins and Cole: Proceedings of the Royal Society, vol. Ixviii, 1901,

p. 21; also Jour, of Physiol., vol. xxvii, 1902, p. 418.
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None of the color tests given above are of great importance for

the chnical recognition of proteids except the biuret test which is

used to identify albumose, and the sulphur reaction which is

occasionally strongly given by the Bence Jones' albumose.

PRECIPITATION REACTIONS

The practical tests for the presence of albuminous substances

in the fluids of the body, especially in the urine, are based upon
the precipitation of the albumin by reagents or by reagents plus

the coagulating action of heat. These reactions are exceedingly

delicate and are not interfered with by the other bodies in the

urine. The precipitation reactions which are used are those with

nitric acid, in which the precipitation is due to the insolubihty of

the acid albumin formed, in an excess of nitric acid ; the precipita-

tions with picric, trichloracetic, sulphosalicylic, and acetic acid,

the latter precipitating nucleo-albumin without the addition of

potassium ferrocyanide, but albumin only after the addition of

this substance.

Another form of precipitation is that produced by the heavy-

metals which form bulky, insoluble compounds with the albumins.

The heat precipitations require certain conditions : the solution

must be acid, and there must be a certain sufficient quantity of

neutral salts present. The details will be discussed under the

head of the individual tests.

CLINICAL TESTS FOR THE ALBUMINOUS SUBSTANCES IN THE

URINE

Clearing the Urine.—Before applying any of these tests it

is necessary that the urine be perfectly transparent—a condition

often impossible to obtain from a cloudy sample of urine by

simple filtration through filter paper, as the bacteria and the

finer precipitates readily pass through paper designed to retain

fine chemical precipitates. Filtration through a tight plug of

fine asbestos filtering fiber will often clear up a cloudy urine, but

occasionally it is necessary to resort to other means. The best

of these is to shake up the urine with either dry, powdered mag-

nesium oxide or carbonate or fine silicious earth or sawdust, and

then filter the mixture through filter paper of good quahty, such
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as Schleicher and Schiill's No. 597. The bacteria and fine pre-

cipitates are entangled in the powder and retained on the filter.

A small quantity of the albumin is removed from the urine by

this same mechanical process, but the loss is counterbalanced by

the ease with which the remainder of the albumin can be de-

tected. Clearing by means of lead acetate is inadmissible, as the

lead carries down all of the albumin if the latter be present in

small amounts. Centrifugalization of the urine will often clear it

sufficiently to permit the albumin tests -to be carried out.

THE MUCIN-LIKE SUBSTANCES IN THE URINE

The urine contains a number of substances of differing chemical

constitution which possess the common physical property of form-

ing a gelatinous, stringy mass similar to that formed by the mucus
of the saliva. These substances are present in normal urine in

very small quantities, and are chiefly important because they are

likely to be mistaken for albumin.

True Mucin.—This compound exists in the urine in solution

and also in the form of a very light, gelatinous precipitate, which

can be observed in normal urine, after a few hours' standing, as

a faint cloud floating about the middle of the column of fluid

—

the so-called nubecula. The mucus which forms part of this

nubecula is derived from the mucous cells of the urinary passages.

This form of proteid is precipitated in pure form by acetic acid,

as is the nucleo-albumin mentioned in the next paragraph, but it

is distinguished from the latter by the fact that it is easily soluble

in a slight excess of the acid. It is not precipitated by boiling

the acidulated solution. In the urine it is kept in solution, after

the addition of the acid, by the salts present, so that it is not

usually precipitated.

Mucin is also precipitated by inorganic acids, by trichloracetic

and sulphosalicylic acids, and by Esbach's reagent, but is easily

soluble in an excess of any of these reagents, hence does not inter-

fere with the ordinary reactions for albumin. Even mercuric

chloride does not precipitate mucin, the only metal capable of so

doing being lead. Mucin is distinguished chemically from the

nucleo-albumins by the fact that it contains no phosphorus, but

a substance which reduces Fehling's. The mucin must be pre-

viously heated with dilute hydrochloric acid to obtain the reduc-



CHEMISTRY OF THE URINE 495

tion test. The detection of mucin in the urine has little clinical

importance.

The Nucleo-Albumins.—Normal urine contains small traces

of serum albumin, usually in combination with organic acids,

several of which exist in the urine in very small quantities. These

acids are nucleinic, chondroitin-sulphuric, and taurocholic acid.

The first two are probably derived from the kidney epithehum,

the last from the bile. The second named is most abundant in

normal urine, the taurochoHc in icteric urine.

As these three compounds with albumin and globulin exist

together in the urine in varying proportions, and yet clinically

are considered together, it is easy to see that the chemical

properties of the group may be variable, and this may account

for the confusion which exists concerning the exact reactions

of these bodies. The amount of albumin or globulin normally

present in the urine is insufficient to combine with all the acid

present ; so that when under pathological conditions the albumin

content of the urine is increased, there is a corresponding in-

crease in the amount of these mucoid substances. The chemical

reactions of these compounds ks a group are as follows

:

1. Dilute the urine with three times its bulk of water and
acidulate strongly with acetic acid. A cloud on standing is an

evidence of nucleo-albumin. The dilution is for the purpose of

avoiding the action of the salts of the urine in keeping the nucleo-

albumin in solution. The precipitate remains on boiling the urine,

hence the danger of confusing the nucleo-albumin with serum

albumin.

2. If the urine is layered over cold, strong nitric acid, as in

testing for albumin, a faint ring will appear about one centimeter

above the surface of contact of the acid and the urine, if the latter

contains nucleo-albumin.

The final decision concerning a precipitate in urine produced

by acidulating with acetic acid must be made by chemical means,

for recent investigations have shown that this precipitate may
very probably be composed largely of euglobulin with only traces

of nucleo-albumin and fibrinoglobulin. The previous identifica-

tion of the nucleo-albumin was made partially upon the phos-

phorus content of the precipitate, but Oswald ^ has found that

1 Beit. z. chem. Phys. u. Path., Bd. v, 1904, p. 234. Matsumoto: Deut.

Arch. f. klin. Med., Bd. Ixxv, 1903, p. 398.
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this phosphorus content is extremely small and variable, and is

probably due to traces of nucleo-albumin and lecithin carried

down by the euglobulin precipitate.

3. The determination of the reducing power and phosphorus

is as follows

:

A considerable quantity of the urine—about 1,000 c.c.—is slightly acid-

ulated with acetic acid and the precipitate filtered off, washed with water,

and rubbed up in a mortar with a little sodium carbonate solution.

It may be necessary to add also a very small quantity of sodium

hydrate to complete the solution of the precipitate. Filter and precipi-

tate again and wash with water. This is to remove the phosphates which

are carried down by the precipitate and would interfere with the final

tests for phosphorus. Divide the final precipitate into two portions.

One half is shaken up with about 25 c.c. of HCl diluted one to three, the

mixture boiled gently for about ten minutes, allowed to cool, rendered

alkaline with NaOH, and a little dilute CuS04 added. Boil and allow

to cool and settle. If mucin is present in the precipitate there will be a

red deposit of copper oxide at the bottom of the flask.

The other half of the precipitate is rubbed up in a mortar with a little

strong alcohol and heated on a water bath. Filter and wash with strong

alcohol. The precipitate is placed in a flask and shaken up with ether,

allowed to stand for some time, filtered, and the dried precipitate fused

with 30 parts of a mixture of sodium carbonate, one part, potassium

nitrate, three parts. The fused mass is dissolved in nitric acid and boiled

;

then add gradually about 5 c.c. of a solution of ammonium molybdate.

A yellow precipitate indicates the presence of phosphorus, which is pres-

ent in considerable amount in all the nucleo-albumins.

The nucleo-albumins occur in normal urine only in traces.

Larger quantities are to be found in the urine of the new-born ; in

the urine after overexertion; in inflammation of the mucous

membrane of any part of the urinary tract ; in leukaemia ; in acute

diseases, especially such as attack the kidney (scarlatina or diph-

theria) ; after injuries to the kidney or alterations in the renal

circulation; after chloroform inhalations. These compounds are

present very abundantly in the urine of persons suffering from

jaundice. Clinically an increase in nucleo-albumin indicates

only an irritation or inflammation of the urinary tract, as the

amount contained in the blood is very small.

The thick, ropy substance which is found in the urine of pa-

tients suffering from cystitis is chiefly a nucleo-albumin extracted

from the leucocytes of the pus which collects in the bladder, and
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when the urine undergoes alkaline fermentation the nucleo-

albumin is softened and rendered stringy by the alkali and the

sodium chloride present.

ALBUMIN IN THE URINE

In speaking in a clinical sense of albumin in the urine the

term so used includes serum albumin and globulin, both of which

are proteid bodies giving a coagulum when the urine containing

them is boiled. Under ordinary circumstances no attempt is

made to distinguish these two closely related substances, and,

as they almost always appear together, such a distinction has

seemed to have but little practical value. Of late, however, an

attempt has been made to show that the amount of globulin is

greater in proportion to the albumin in cases of nephritis in which

there is a considerable lesion of the renal epithelium, and also in

amyloid degeneration of the kidney.

The tests which follow make no distinction between albumin

and globulin.

QUALITATIVE TESTS FOR ALBUMIN

Heat Test for Albumin.—One of the most satisfactory and re-

liable tests for albumin in the urine is based upon the coagulation

and precipitation of the albumin by heat in the presence of a

small amount of acid and sufficient neutral salts.

With Nitric Acid.—The clear urine is placed in a narrow test

tube and the upper portion of the fluid heated to boiling. One
or two drops of strong nitric acid are added; if no precipitate

appears, or if the precipitate redissolves on shaking, add two or

three drops more. A white or brownish flocculent precipitate is

albumin. The hot fluid is much darker in color after the acid

is added. This is due to the breaking up of indoxyl and skatol-

carbonic acids and liberation of the pigments. Only the upper

portion of the fluid should be heated, then, when very small quan-

tities of albumin are present, the faint cloud which they produce

can be easily noted by comparing with the clear unheated urine

below. The tube should be held against a dark background in

such a way that the light falls downward through the fluid and

toward the observer.

This reaction is an excellent one, but certain sources of error

must be clearly held in mind. A flocculent precipitate formed
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before the addition of the acid may be calcium phosphate, which

is identified by its easy solubihty in an excess of acid. If the

urine is of low specific gravity and contains but a small amount

of salts, the precipitate due to albumin may not form, or it may
redissolve in the hot fluid unless a very considerable excess of

acid be added ; in this case, it is well to add to such a urine 1 c.c.

of a saturated (about 36 per cent.) solution of sodium chloride

to each 5 c.c. of urine.

The urine should not be heated after the addition of the acid,

as the coagulated albumin is soluble in the hot acid ; indeed, this

is one of the reasons for the fact that this test is not extremely

delicate, as very faint traces of albumin may be dissolved on

the addition of the acid. Neither albumose, nucleo-albumin nor

mucin is precipitated so long as the fluid remains hot.

Uric acid or the urates may give rise to precipitates which are

crystalline and not flocculent, and which do not appear if the

urine be diluted, previous to the test, with three parts of water

or sodium chloride solution.

Resinous bodies may be excreted in the urine after the adminis-

tration of turpentine, copaiba, sandalwood oil, Peru or tolu bal-

sam, and occasionally give precipitates which are best distinguished

from proteids by shaking the cooled urine with petroleum benzine,

when the precipitate due to the resins or oils will dissolve; that

due to the albumin will remain.

Urines deeply colored with bile pigments occasionally give a

precipitate of biliverdin, which is of a green color and soluble in

alcohol and thus distinguishable from coagulated albumin.

With Acetic Acid.—The reaction of the urine is tested, and, if

alkaline, it is to be rendered slightly acid with a few drops of

2 per cent, acetic acid. The urine is then heated in the upper

portion of the test tube to the boiling point, leaving the lower

part of the fluid cool as a control. A white, flocculent precipitate

is probably coagulated albumin, but it may be partly composed

of nucleo-albumin. If, however, one-fifth volume of a saturated

NaCl solution is added with a few drops more acid and the whole

boiled again, the nucleo-albumin and the mucin are not pre-

cipitated.

The great source of error in this method lies in the use of too

much acetic acid, which converts the albumin present into an

easily soluble acid albumin which is not coagulated on boiling.
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The albumoses are not precipitated unless there is a consider-

able quantity of sodium chloride present in the urine; if this is

the case the albumose precipitate becomes visible only when the

urine is cooled, and hence after the coagulated albumin has been

removed by filtering the fluid while still hot. The albumose pre-

cipitate can again be made to disappear from the cooled fluid by
reheating. The Bence Jones ^ proteid coagulates when the fluid

reaches about 60° C. and then dissolves as the temperature rises.

The resins mentioned in the preceding section are detected in

the manner there described.

Heller's Test.—A few cubic centimeters of concentrated (not

fuming) nitric acid are placed in a test tube and the urine to be

tested is allowed to run slowly down the side of the tube, so as

to flow gently over the surface of the acid and form a distinct

layer on it with as little commingling of the two fluids as possible.

The best way to accomplish this is to use a medicine dropper with

a long tube and allow the urine to flow out slowly by gently

pressing on the bulb.

If an ordinary pipette is -used, the test tube should be held at

an angle of 45° and the pipette placed just inside the mouth of the

test tube with its tip resting against the wall of the tube. This

will break the force of an accidental spurt of urine from the

pipette and prevent its mixture with the acid except by flowing

slowly down the wall of the tube. The finger closing the upper

end of the pipette should be dry, and the fluid escapes best if

the pipette is slowly rotated between the thumb and fingers, so as

to allow a little air to enter under the tip of the finger closing the

pipette.

Some recommend that the urine should be placed first in the

tube and the acid run under it by means of a pipette, the heavy

acid sinking to the bottom. The first method is the preferable

one.

The action of the nitric acid is to precipitate the albumin as

acid albumin, and since the latter is insoluble in the great excess

of acid present at the point of contact, a white ring of proteid is

formed. Albumose and the resins are precipitated by this method,

also nucleo-albumin, though the ring due to the latter is about

one-half to one centimeter above that due to albumin. Mucin is

also precipitated, but is dissolved by the excess of acid present, so

that it does not contribute to the ring due to albumin. Uric acid
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and urea nitrate may be precipitated from concentrated urines,

but are easily recognized by their crystalline nature. The pre-

cipitate due to the presence of the resins can not be easily differen-

tiated from that produced by acid albumin, especially by the

addition of alcohol, as is generally recommended, since the acid

albumin is also somewhat soluble in alcohol and the ring dis-

appears when the fluid is shaken. The differentiation had best

be made by one of the other tests which does not precipitate the

resins—for example, sulphosalicylic acid.^

Robert's Test.—The solution is composed of one part of

strong nitric acid and five parts of a saturated solution of mag-

nesium sulphate. It is used in precisely the same manner as

the nitric acid in the Heller's test, and is subject to the same dis-

advantages by its precipitation of the nucleo-albumins and mucin,

the latter not being dissolved as quickly as with the pure nitric acid.

It is much more sensitive than Heller's test. The advantages in

its use are that the solution is not so corrosive nor so dangerous

to handle as pure nitric acid. The test should not be allowed to

stand longer than five minutes or a ring will be produced in normal

urine.

Ferrocyanide and Acetic Acid.—To 10 c.c. of urine add 5

drops of strong acetic acid. If any precipitate is produced it is

due to nucleo-albumin and should be filtered off. Then a few

drops of a 5 per cent, solution of potassium ferrocyanide are

added. An excess will dissolve the albumin precipitate. As the

reagent and the urine can not be kept in distinct layers, it is ad-

visable to hold a comparison test tube of the same urine together

with that to be tested before a black cloth, as otherwise the slight

opalescence due to a trace of albumin may escape observation.

Albumose and nucleo-albumin give precipitates. The former dis-

solves on heating the mixture; the latter is best removed by
adding to the urine a very few drops of dilute lead acetate solution

and filtering. Great care must be taken not to add an excess, as

this will remove the albumin also.

Spiegler*s Test.—The reagent consists of 40 grams of mer-

curic chloride, 20 grams of tartaric acid, 1,000 c.c. of water, 100 c.c.

1 Kowarsky (Lehrbuch d. klin, Untersuchiingsmethoden, Bd. i, p. 69)

states that the resins are also precipitated by sulphosalicylic acid, but with this

the writer can not agree.
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of glycerin. The urine is strongly acidified with acetic acid and

layered over the reagent. If the urine is of very low specific gravity

it is necessary to add some sodium chloride solution, or the albumin

will not be precipitated. The albumose precipitate dissolves on

heating and does not reappear to any extent on cooling. This

test for albumin is one of the most delicate, and should be used in

all cases where the detection of a trace is important ; but its very

delicacy is a danger, for it will sometimes show a well-marked

ring when there is no abnormal albumin in the urine, but only a

slight increase in the amount of nucleo-albumin present.

Sulphosalicylic Acid.—This substance can be used in a 20

per cent, solution, or a small fragment of the acid can be dropped

into a test tube of urine, and as it dissolves will give a white ring

which, on shaking, spreads throughout the fluid as an opalescent

cloud or a bulky precipitate, depending upon the amount of

albumin present. Albumose is precipitated, but not uric acid

nor the resins ; the albumose disappears on heating, reappearing

on cooling.

Trichloracetic Acid.—A saturated aqueous solution of the

acid is used over which the urine is to be layered. The solution

can with advantage be rendered more dense by

saturating it with magnesium sulphate; the
^

mechanical difficulties encountered in layering

two fluids of slightly differing specific gravity

are thus lessened. Albumose is precipitated

imperfectly and dissolves on heating. In very

dense urines the urates may be precipitated,

but this source of error can be easily eliminated

by dilution of the urine. Mucin is precipitated,

but dissolves as the acid diffuses.

The delicacy of all these layer tests is con-

siderably increased if the point of contact

between the urine and the reagent is sharp. A
convenient apparatus for this purpose is a small

U-shaped tube with a funnel at each end, which

is sold under the trade name of '^horisma-

scope." The urine to be tested is filtered into the larger funnel,

acidulated if necessary, and then the reagent is poured into the

small funnel. The reagent, being of higher specific gravity than

the urine, flows down the capillary tube and forms a layer under

Fig. 140.—Horis-
MA SCOPE.
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the urine. After standing for one or two minutes the apparatus

is examined in a strong vertical light. The slightest opacity at

the contact point of the two fluids is easily seen.

DELICACY OF THE VARIOUS TESTS

The sensibility of the various tests is dependent upon a great

many circumstances, which vary in different specimens of urine

and make a test like Spiegler's, for instance, sensible to one part

of albumin in 250,000 when the urine contains an abundant amount

of sodium chloride, while in a urine of very low specific gravity

the delicacy is much less. Allowing for these sources of error,

however, the tests may be roughly grouped as follows : The most

sensitive is Spiegler's, closely followed by trichloracetic and sul-

phosalicylic acids, then Robert's, the boiling test with acids, the

ferrocyanide test. Heller's, and finally the boiling with neutral

salts and addition of nitric acid.

r ^

QUANTITATIVE TESTS FOR ALBUMIN

Esbach Test.—The most useful quantitative test for albumin,

which is simple and does not require the use of a balance, is that

bearing the name of Esbach, and based upon the

precipitation of the albumin by a solution of picric

and citric acids in a tube which is graduated empir-

ically to show the number of grams of albumin per

liter of urine. The tube is to be filled to the mark
U with the urine to be tested. The urine must be

acid, must have a specific gravity of not over 1.008,

and must not contain more than 4 grams of albumin

to the Uter. It is to be acidulated with acetic acid

if alkaline, and diluted to the required degree.

After filling the tube to the proper height with

urine, the reagent is to be added to the mark R.

The reagent contains 10 grams of picric and 20

grams of citric acid to 1,000 c.c. of water.

The tube is then corked and slowly inverted

several times to mix the two fluids, being careful

not to cause any foaming, which prevents the depo-

sition of the albuminous coagulum. The whole is

then set aside for twenty-four hours in a cool

place and the amount of albumin read off from the graduation.

Fig. 141.—Es-
bach Tube,
Improved form,
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The influence of temperature on the height of the deposit is

very marked ; it is much more bulky in cold weather than in hot,

and the error may be as much as 50 per cent, of the whole, so that

it is important to keep the tube as nearly as possible at a constant

temperature of 15° C. during a series of determinations. The
results are, however, sufficiently accurate for clinical purposes,

and the instrument must remain the only simple means for the

approximate estimation of albumin in the urine.

Gravimetric Method.^—One hundred c.c. of the urine to be

tested is filtered to remove all epithelial cells or crystals, and in

case the reaction is not distinctly acid, a drop or more of acetic

acid is added. The urine is then placed in a 250 c.c. beaker and

warmed gradually over a water bath for half an hour, until the

albumin has formed a coarse flocculent precipitate. The addition

of a couple of drops of acetic acid may be necessary if the precipi-

tate does not become flocculent. The urine is now filtered through

a small ash-free filter which has been dried at 110° C, or through

a Gooch asbestos filter dried at the same temperature. Great

care should be taken to collect all of the albumin which may be

adherent to the walls of the beaker by means of a glass rod covered

with soft rubber tubing, and to add it to the contents of the filter.

The precipitate is then washed with hot distilled water until the

wash water is free from chlorides when tested with silver nitrate.

The filter is then filled twice with strong alcohol and twice with

ether, then dried at 110° C, until the weight is constant. If the

amount of albumin is large it is necessary to know the quantity

of ash which it contains, as this interferes considerably with the

accuracy of the result. The dried filter and its contents must

therefore be carefully heated in a crucible until all organic matter

has been driven off. The weight of the ash subtracted from the

weight of the albumin gives the amount of albumin present in the

urine.

Numerous other methods have been suggested for the quan-

titative determination of albumin, none of which approach in

accuracy the gravimetric method, nor in convenience that of

Esbach.

Purdy2 recommends the use of an electric centrifuge and

graduated tubes to determine the albumin quantitatively. The

1 SalkoK)ski: Practicum, second edition, p. 254,

2 Practical Urinalysis, sixth edition, Philadelphia, 1901.
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tube is filled with 10 c.c. of urine, 3 c.c. of a 10 per cent, solution

of potassium ferrocyanide, and 2 c.c. of 50 per cent, acetic acid,

and after standing for ten minutes is centrifuged for three minutes

at a speed of 1,500 revolutions per minute in a centrifuge whose

radius is 6.75 inches. The accuracy of the method depends

entirely upon the speed and size of the centrifuge. These instru-

ments when first purchased will easily run 1,500 revolutions, but

after a few months of use they usually fall to a thousand. Even
with a centrifuge running exactly the required number of revolu-

tions the writer has found that the deposition in the tube takes

place irregularly and that the results are not as accurate as those

obtained by the Esbach method, though they have the special

convenience of being obtained in a few minutes.

Determinations of the quantity of albumin by polarization or

determination of the refractive index before and after boiling, and

by determining the specific gravity under the same conditions,

have no advantage over the gravimetric method.

Precipitation methods, such as that of Wassilyew, which con-

sists in titrating the urine with a standard solution of sulpho-

salicylic acid, have been shown by Vogel ^ to be quite inaccurate.

If only an approximate estimation of the albumin is necessary,

it may be remembered that a urine which boils soHd contains

from 2 to 3 per cent, of albumin. If the test tube after boiling is

half filled with the coagulum, about 1 per cent, is present, one-third

of the column is approximately 5 parts to the thousand; one-

tenth of the column, 1 part to the thousand. A faint clouding is

less than 1 part in ten thousand.

METHODS OF REMOVING ALBUMIN FROM THE URINE AS A

PRELIMINARY TO OTHER TESTS

1. The acid urine from which the albumin is to be removed is

heated on a water bath or over a flame until it just begins to boil.

Neutral or alkahne urine must be faintly acidified with acetic

acid. If the separation of the albumin does not take place in

large masses the addition of a few drops of acetic acid will often

facihtate the separation. Occasionally it is necessary to add

about 10 c.c. of a saturated solution of sodium chloride to urines

which contain but a small amount of neutral salts. Excess of

1 Proceedings of the N. Y. Path. Society, N. S., vol. iv, 1904, p. 38.
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acetic acid forms an acid albumin and should therefore be very

carefully avoided. The urine when filtered from the coagulum

must be perfectly clear, and not give a precipitate with sulpho-

salicylic acid or ferrocyanide and acetic acid. This method of

removing albumin is sufficiently complete for the urea and sugar

tests, but urine so treated can not be tested directly for the albu-

moses because the boiling of the acid is likely to break up some
of the albumin, which would then react with the biuret test. If

albumose tests are to be applied, the following method is pref-

erable :

2. Sodium acetate and ferric chloride are added to the urine

until the fluid is colored a bright red. If after this addition the

reaction is strongly acid, dilute sodium hydrate should be added

until the urine becomes neutral or faintly acid. The fluid should

then be heated to boiling, during which process the albumin will

separate out in a coarse flocculent precipitate. The filtrate

should not give a cloud with potassium ferrocyanide and acetic

acid, nol* should it give a strong blue color, which would indicate

that traces of iron salts still remain,

CLINICAL SIGNIFICANCE OF ALBUMINURIA

Traces of albumin are present in every normal urine, but in such

small quantities that they escape detection by the ordinary clin-

ical tests. Only in using reagents such as Spiegler's, sulphosali-

cylic acid, and Robert's solution, are we likely to obtain a reaction

in normal urine.

When albumin is found in amounts larger than normal in the

urine the first question to be decided is the site of its origin. If

the albumin comes from pus or an exudate from any portion of

the genito-urinary tract, or from haemorrhage from any part of

the tract, it must be traced to this local cause. This is often a

most difficult matter, as, for instance, in deciding the question

as to whether the albumin in a given specimen is derived from a

cystitis from which the patient is suffering, or whether the patient

is also suffering from a nephritis which is responsible for a portion

of the albumin. It is to be remembered that the treatment of a

bladder lesion may increase the albumin, and massage of the pros-

tate is occasionally followed by a trace of albumin in the urine.

The decision can only be made after a long and careful search

34
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for casts in the urine, rendering the latter acid, if possible, by the

use of drugs such as urotropin, and centrifuging the freshly passed

urine in order to avoid the solvent action of the alkaline fluid

upon the casts. It may be necessary to wash out the bladder

and to collect the urine immediately, in order to reduce as much
as possible the amount of the thick pus, which is likely to so

obscure the field of the microscope as to render the finding of the

casts a difficult matter. If casts are found, a portion of the albu-

min is evidently dependent upon a kidney lesion. If the ratio

between the albumin content of the urine by Esbach and the

leucocytes per c.mm. is as 1 to 60,000 or 80,000, the albumin

may be considered as derived from the pus. If the leucocytes

are fewer in number and the albumin is over 0.1 per cent, there is

probably a coincident albuminuria.^ It is often very difficult,

however, to obtain a satisfactory enumeration of the leucocytes.

If the albuminuria has been definitely traced to the kidney,

what does the presence of this proteid indicate clinically ? It may
be safely assumed that it is an evidence of a pathological con-

dition, though not always indicative of a sufficient change in the

structure of the kidney to warrant the assumption of a nephritis.

Renal albuminuria is always dependent upon some lesion of the

tubular or glomerular epithelium sufficient to permit the escape

of the serum albumin and globulin from the vessels into the urine,

and such a kidney is not normal. This is the point of view

assumed by the life insurance companies, and is based upon the

study of a very large number of cases.

The various types of albuminuria are as follows

:

1. '^ Functional," "cj^clic," and '^ transitory " albuminuria are

all to be regarded as due to slight alterations in the kidneys,

without, perhaps, sufficient change to be called a nephritis.

They are chiefly seen in anaemic and poorly nourished children,

and in adults after very severe exercise, cold baths, dietary indis-

cretions, etc. Casts are usually absent and the amount of

albumin is small. Such cases often go on later in life to show

distinct evidences of nephritis. Evidently the kidneys of such

patients are notably insufficient, and though not necessarily the

site of a nephritis, should be regarded as very likely to develop

that condition.

1 Goldburg: Cent. f. d. med. Wissen., 1893, p. 593. Hottinger: ibid., p. 257.
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2. Dietetic Albuminuria {Alimentary albuminuria).—Traces of

albumin may be found in the urine after a meal containing large

amounts of proteids, and Inouye,i working with the precipitin

method, finds that an alimentary albuminuria due to the presence

of ovalbumin in the urine may be produced by three to six raw

eggs taken on an empty stomach. Others have also shown ^ by
the precipitin reaction, that in the urine of some patients suffering

from intermittent albuminuria, beef serum could be demonstrated.

An explanation of this seems to be that an imperfect digestion of

the serum allows some of that substance to escape and to be

absorbed in an unaltered form. If the gastric digestion is imper-

fect this is possible, for tryptic digestion does not always destroy

the substance which incites the precipitin reaction. It has,

however, been pointed out that inasmuch as the precipitin reac-

tion is not specific for albumin but only for some precipitable

body which may not be albumin, the only fact that the above

experiment demonstrates is that the precipitable substance in

beef serum is able to pass the kidney epithelium of patients

suffering from intermittent albuminuria.

3. Albuminuria due to circulatory disturbances is seen most

frequently in severe and uncompensated heart lesions as a result

of the changes in the kidney from the altered blood pressure. The
quantity of albumin found under these conditions is usually small

and a few hyaline casts may be present. The urine can usu-

ally be distinguished from that of a true diffuse nephritis by

the fact that the amount of the albumin varies with the amount

of the urine, and that the latter is often small in amount and

highly colored.

4. Febrile albuminuria is usually present in all forms of fevers,

and is due to degenerative changes in the kidney epithelium, which

may be entirely repaired, or may go on to a true nephritis with the

appearance of large quantities of albumin and numerous casts.

^

5. Toxic albuminuria is a symptom of poisoning by ether,

mercury, cantharides, phosphorus, lead, arsenic, the mineral acids,

etc. The change in the kidney may be of a degenerative nature

1 Deut. Arch. f. klin. Med., Bd. Ixxv, 1903, p. 378.

^ Linossier etLemoine: C. R. Soc. de Biol., vol. liv, 1903, p. 415.

' See an interesting monograph by Hallauer : Ueber Eiweissausscheidung

im Fieber, Verhandlungen der phys. med. Gesellschaft zu Wiirzburg, N. F.,

Bd. xxxvi, 1904.
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or it may be connected with circulatory disturbances. The glo-

buHn quotient in acute toxic lesions is often high, but there is no

connection between the relative proportions of these substances

and the efficiency of the kidneys as measured by the depression

of the blood freezing-point.^ Nucleo-albumin is usually present.

6. The albuminuria seen in connection with the severe anaemias

and leukaemia is probably dependent upon the degenerative

changes so common in the organs of patients with such disease,

7. The albuminuria of nephritis is very variable. In acute

nephritis the amount is very large, and in the hsemorrhagic forms

IS increased by the direct transudation of blood from the vessels.

The amount lost from the body may rise as high as 20 grams in

twenty-four hours. The amount is a fair index of the severity

of the disease.

In the chronic parenchymatous forms the amount is also large,

and may even exceed that passed in the acute type, but, as a rule,

5 grams a day is a large amount. The urine is diminished in

amount and has a high specific gravity. Occasionally very large

amounts of albumin may be seen in the course of a syphilitic

nephritis.

The different types of chronic diffuse nephritis give a most

variable picture. Albumin may be absent in a well-marked case

and only a few hyaline casts be found to suggest the possibility

of a renal lesion; and this condition may exist when the patient

is close to an attack of uraemia, while during an acute exacerba-

tion of the disease the albumin may reach as high a point as in

the acute cases. Many patients live for months and years with

merely a trace of albumin, which may disappear temporarily and

then reappear as some change comes in the general condition of

the body, or as a fresh portion of the kidney is diseased. The

albumin may be more abundant at the end of the day, or after

meals or after exercise, and absent in the morning urine. The

amount has not the least relationship to the severity nor to the

extent of the lesion.

ALBUMOSE IN THE URINE

In the digestion of the proteids by the gastric juice a number of

bodies are formed which have slightly different properties from

those of the original proteid and which differ slightly among

1 Cloetta: Arch. f. exp. Path. u. Pharm., Bd. xlviii, 1902, p. 223.
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themselves. A simplified scheme of the products of pepsin diges-

tion is given below. The actual process is probably much more
complex and may go on to the stage of the amino bodies, such

as leucin and tyrosin.

Proteid

Acid albumin

Protalbumose Heteroalbumose (Primary albumoses)

I I

Deuteroalbumose Deuteroalbumose (Secondary albumoses)

Peptone Peptone

The substances which appear in the urine are the primary

and secondary albumoses. Peptone as a rule is not found, or if

so is due to the proteolytic action of the urinary pepsin. Ito^

claims, however, to have found true peptone in acute phthisis and

pneumonia.

BENCE JONES' PROTEID

In the urine of persons suffering with multiple myeloma or

with osteomalacia a proteid has been found which differs in its

reactions from serum albumin and globulin, and has been generally

assumed to belong to the albumose group of proteids. It has

been shown quite recently, however, that this body is probably

not a true albumose but of proteid nature.

The reasons which have been adduced against the Bence Jones'

proteid belonging to the albumose group are its complete coagula-

bility when heated under certain conditions, and the ease with

which it becomes insoluble after treatment with strong alcohol;

the Bence Jones' proteid forms syntonin, while albumose does

not; on digestion of the Bence Jones' proteid, primary and

secondary albumoses are produced, with the exception of hetero-

albumose. The latter substance may, however, be absent from

the proteid molecule, as for example casein, which does not

contain this group.

The amount of proteid which may be found in the urine is

^Deut. Arch. f. klin. Med., Bd. Ixxi, 1901, p. 29.
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variable, quantities as high as 6 per cent, having been seen.

Casts are usually not found, nor advanced changes in the

kidneys.

About thirty cases of this disease have been described in the

hterature.'

The reactions of the Bence Jones' proteid are as follows

:

1. On heating the urine a faint opalescence may be noted at

50° C, while a precipitate begins to form at about 58° C, which

continues to increase in amount until a point near 70° C. is reached.

A slight clearing of the fluid then begins, and by the time the

boiling point is reached a very large portion of the cloud has dis-

appeared. Usually, however, a slight opalescence remains. If

cooled, the precipitate reappears in the fluid. It clings more to

the walls of the test tube than does the albumin coagulum.

2. Twenty-five per cent, nitric acid precipitates the proteid

at room temperatures. The precipitate is partially soluble on

boiling, and if the fluid is again cooled the precipitate reap-

pears.

3. Thirty per cent, acetic acid causes no precipitation.

4. Millon's reaction and the biuret reaction are given strongly.

5. An abundance of lead blackening sulphur is often but

not always present,^ as shown on heating sdme of the urine

which has been rendered strongly alkaline after the addition of

a few drops of plumbic acetate.

6. On the addition of 2 volumes of 96 per cent, alcohol the

proteid is completely precipitated.

7. Two volumes of saturated sodium chloride solution produce

no clouding. If acetic acid is added the precipitation is quite

complete.

^ Magnus-Levy : Zeit. f, phys. Chemie, Bd. xxx, 1900, p. 200; Hamburger :

Johnp Hopkins Hosp. Bull., 1901, p. 38; C. E. Simon: Amer. Jour. Med.

Sciences, vol. cxxiii, 1902, p. 954; Coriat : ibid., vol. cxxvi, 1903, p. 631

;

Weber: ibid., p. 644; Boston: ibid., vol. cxxv, 1903, p. 658; Askanazy

:

Deut. Arch. f. klin. Med., Bd. Ixviii, 1900, p. 34 (reports a case of Bence Jones

in a patient with lymphatic leukaemia probably of a myeloniatous type). See

also Cohnheim : Chemie d. Eiweisskorper, Braunschweig, 1904, p. 172.

2 See on this point Lindemann (Deut. Arch. f. klin. Med., Bd. Ixxxi, 1904,

p. 114), who found no more lead blackening sulphur in a specimen of Bence-

Jones' proteid than in a corresponding amount of serum albumin. A specimen

of Bence Jones' proteid examined by the writer does not show any great

amount of lead blackening sulphur.
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8. Saturation of the urine with magnesium sulphate at room
temperature causes no precipitation,

9. The addition of two volumes of a saturated solution of

ammonium sulphate causes complete precipitation.

10. Picric acid gives rise to a marked precipitate which does

not dissolve on boiling the fluid.

11. Acetic acid and potassium ferrocyanide give a moderate

precipitate which dissolves on heating and reappears on cooling.

ALBUMOSURIA

The secondary or deuteroalbumoses are the albumoses com-

monly found in traces in the urine in about 90 per cent, of the

febrile diseases. They appear also in septic conditions, and their

presence in the urine of a case of meningitis is in favor of a sup-

purative process and against a tuberculous one. In empyema the

albumose produced by the action of the leucocytes, the bacteria,

and the autolytic ferments on the serum of the exudate is found

in the urine in large quantities. It is present in the urine in cases

of ulceration of the bowel, either typhoidal or dysenteric, less

commonly in ulcers of a tuberculous origin. Phosphorus poison-

ing and abscesses of the liver also give rise to albumosuria. Malig-

nant growths in any portion of the body are occasionally accom-

panied by albumosuria, probably due to the ulceration of the

growth.

The reactions of the secondary albumoses are different from

those of the primary albumoses or the Bence Jones' proteid.

Urine containing these bodies does not become cloudy on

boiling; does not give Heller's test with nitric acid; gives no

precipitation on saturating with sodium chloride when the reaction

of the urine is neutral, but does give a precipitate when the

reaction is made acid with acetic acid saturated with sodium

chloride. Ferrocyanide and acetic acid give no precipitate unless

the solution contains a considerable quantity of neutral salts.

Trichloracetic and sulphosalicylic acids give precipitates which

disappear on heating and reappear again on cooling. It is rare

that deuteroalbumose is present in the urine in sufficient amount

to give well-marked precipitation reactions, especially if any

albumin is also present. The best test for the deuteroalbumoses

is the following, which permits the detection of traces in the

urine

:
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Tests for Albumose.—In urines which are light in color and
which do not contain a large quantity of urobilin the following

method is the best and simplest

:

1. Hofmeister-Salkoivski Method.—Fifty c.c. of urine are acidu-

lated with 5 c.c. of HCl; then 10 per cent, phosphotungstic acid

solution is added until a precipitate ceases to form. The mixture

is then placed in a beaker (or a test tube if working with small

quantities), and gently heated without boiling until the precipitate

shrinks up into a resinous mass and collects at the bottom of the

beaker.

The supernatant fluid is then poured off and the resinous mass

washed with several changes of water. Some dilute sodium

hydrate solution is then added, and the deep blue solution is

gently warmed until it changes to a pale yellow. It is then cooled

in a test tube and a very dilute solution of copper sulphate

allowed to run down the side of the tube. If the two fluids are

now mixed by gently shaking, a rose color will appear if the fluid

contains albumose. This is the biuret reaction for albumose

referred to on page 491.

If the urine contains albumin it must first be removed, as this

proteid will give the same reactions. The best method of re-

moval is to add to the urine some sodium acetate and then enough

ferric chloride to give the whole a deep blood-red color. The

reaction of the fluid is changed to neutral by the addition of a

little sodium hydrate and the mixture boiled and filtered. To

test the result add some acetic acid and potassium ferrocyanide

;

if there is any cloud visible the albumin has not been completely

removed and the process must be repeated. The albumin may
also be removed by adding an equal bulk of a 10 per cent, solution

of trichloracetic acid and boiling and filtering hot. The albumoses

will pass through the filter. If the urine contains mucin, nucleo-

albumin, or histon, the whole must be strongly acidulated with

acetic acid and allowed to stand for several hours and then filtered

from the resulting precipitate. Then the albumin may be re-

moved as above. Another method is to precipitate with a very

few drops of lead acetate solution and then remove the albumin.

If the albumin is removed by acidulating with acetic acid and boil-

ing, traces of albumose are likely to be formed by the action of

the acid.

If the urine contains urobilin, it is necessary to wash the pre-
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cipitate produced by the phosphotungstic acid with a consider-

able quantity of strong alcohol until the alcohol is no longer colored

yellow by the urobilin. This may be done either by shaking up
the precipitate with the alcohol and then centrifuging and repeat-

ing the process, or by placing the precipitate on a filter and extract-

ing the color by repeated washings with alcohol. The washed

precipitate is then suspended in water, dissolved in sodium hy-

drate, and treated with the dilute copper sulphate.

2. Method of Bang.—Albumose can also be detected in the

urine by the following procedure : Ten c.c. of the urine are heated

and saturated with ammonium sulphate, which requires usually

about 10 grams of the salt. As soon as the solution is complete

the mixture should be heated to boiling, but long heating should

be avoided, as otherwise albumoses may be formed. The pre-

cipitate consists of albumose, albumin, urobilin, and uric acid and

its salts. The hot fluid is centrifuged for a couple of minutes and

the residue rubbed up in a mortar with a small amount of ninety-

six per cent, alcohol which dissolves out the urobilin, which can

be demonstrated by a spectroscope on the addition of alkaline

zinc chloride solution. The alcohol is poured off and the residue

dissolved in distilled water. The solution is warmed and filtered

from any cloud. Albumin, uric acid and salts remain on the

filter, while the filtrate contains albumoses which can be tested by

the biuret reaction.

Large quantities of heteroalbumose may be recognized, even

in the presence of albumin, by acidifying the urine with acetic acid,

adding an equal quantity of a saturated solution of sodium chlo-

ride, boiling and filtering hot. The filtrate is cooled in a test tube,

and any opalescence or precipitate is albumose.

CARBOHYDRATES IN THE URINE

Traces of glucose are present in all normal urines in quan-

tities varying from 2 to 5 centigrams in twenty-four hours, or

from 0.01 to 0.03 per cent. Normal urine, however, has a consider-

ably higher reducing power than this, varying from 0.08 to 0.6

per cent, computed as glucose, one-sixth to one-half of this being

due to the reduction caused by uric acid and creatinin.^ Another

portion of the reduction is due to glycuronic acid, which is always

^Long: Chem. Cent., Bd. ii, 1900, p. 402.



514 THE UKINE

present in normal urine in the form of conjugate compounds.

The reduction due to this substance may be considered as about

0.07 per cent, computed as glucose. Isomaltose may possibly also

contribute to the reduction of Fehling's solution.

An abundant meat diet and fever increase the reducing power

of the urine though no more glucose is present, while starvation

diminishes the reducing action on Fehling's.

The carbohydrates and the sugars which the food contains

are usually altered by the digestive juices before they are ab-

sorbed.

Starch is split through the stages of erythrodextrin and achro-

6dextrin into maltose, and the latter is altered in its passage

through the intestinal wall into glucose, and has only been found

in the urine on a few occasions.

Isomaltose is a sugar derived from starch by the action of

ptyalin, or amylopsin. A very small quantity is found in normal

urine. 1

Cane sugar, or saccharose, is split into glucose and Isevulose

and absorbed in these forms. Only when the amount of cane

sugar ingested is over 200 grams is it absorbed into the blood as

such, and this only occurs when given fasting ; when given during

a meal with an abundance of other food, the capacity of the diges-

tive juices to split up the sugar and the body to absorb it is much
greater. If any cane sugar reaches the circulation as such it is

immediately excreted by the urine, but may be altered into glucose

during its passage through the kidneys.

Glucose is directly absorbed by the mucous membrane of the

stomach and intestine.

Laevulose, which is a sugar abundant in honey and ripe fruits,

is absorbed unchanged. It is used to replace glucose in the car-

bohydrate food of the diabetic, and under these conditions is

often, though not always, used in the body when the same quan-

tity of glucose would reappear largely in the urine. Traces of

laevulose are usually present in the urine of diabetics.

Lactose, or milk sugar, is split in the intestinal wall into glucose

and galactose and thus absorbed. When lactose is absorbed

directly into the blood it is excreted in the urine quantitatively.

This occurs when over 120 grams are taken on an empty stomach,

^ Lemaire: Zeit. f. phys. Chem., Bd. xxi, 1895, p. 442,
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and also in nursing women, especially if there is any obstruction

to milk secretion.

The pentoses are a group of sugars which occur in fruit and

vegetables, coffee, tea, and milk, and in combination with some of

the animal nucleo-proteids of the food. The pentose sugar,

1-arabinose, is the one which has been found most often in

urine after excessive eating of fruit. A small part of the pentose

which is taken in from the food is used in the body, most of it is

excreted in the urine. That which is used is stored up as glycogen

in the liver.

GLYCOSURIA

The most common cause of glycosuria, and that which pro-

duces the disease known clinically as diabetes, is, as is now
generally assumed, an alteration in the organism which prevents

the proper metabolism of the carbohydrates, the anatomical site

of the lesion being most often found in the pancreas. It has

been shown that many, though not all, cases of diabetes show

changes in the islands of Langerhans of the pancreas, though the

remainder of the gland may appear to be normal.^

Glycosuria, often accompanied by the symptoms of diabetes,

is frequently observed after involvement of the pancreas by a

new growth, or after blocking of the pancreatic duct by a calcu-

lus and subsequent atrophy of the gland.

Other forms of glycosuria which are not accompanied by the

symptoms of diabetes are those due to an excess of carbohydrate

in the food, the so-c&lled alimentary glycosuria, to drugs such as

phlorizin, chloroform, amyl nitrate, and after asphyxia from the

inhalation of illuminating gas. After severe burns glucose may
be found in the urine. Glycosuria accompanies cirrhosis of the

liver quite frequently ; it is often seen after severe injuries to the

brain, or shock from an injury to some other portion of the body,

or after an attack of apoplexy, and in many nervous diseases.

Glycosuria as an accompaniment of paresis and dementia para-

lytica is often seen and is usually transient. Cases which persist

are usually true diabetes.

Glycosuria and also diabetes are not infrequently connected

^ See for details on this subject, Opie: Diseases of the Pancreas, Philadel-

phia, 1903.
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with exophthalmic goitre. Glycosuria may follow thyroidectomy,

and has been often seen after the administration of large amounts

of thyroid extract. There seems also to be a close connection

between diabetes and gout, arteriosclerosis, and obesity.

A peculiar form of glycosuria has been described as occurring

in vagrants without the accompaniment of any of the inciting

conditions mentioned above.

DIABETES

The amount of glucose which the urine may contain in dia-

betes is enormous. It may rise to over 10 per cent., and the total

excretion may approach 1,500 grams in the twenty-four hours.

The urine is usually pale, transparent, and acid, and is passed

in large quantities, often as high as five, occasionally as high as

ten or even twenty liters. The odor of acetone is often strongly

marked. The amount of sugar varies with the time of day and

the time that food is ingested. The minimum amount is during

the night hours ; during the day there are, as a rule, two maxima,

one about noon and the other toward six. These variations are

dependent on the time of meals. In severe cases the sugar may
be excreted continuously and even more abundantly at night.

It is in the light cases that the greatest variations occur; during

the night the sugar may entirely disappear. Other light cases

will show a small amount of sugar during a period of a few weeks,

and then for some time the urine may be entirely free from any

glucose.

The sugar sometimes alternates with the albumin which is

often present in the urine of diabetes ; and, finally, one of the most

powerful influences in producing fluctuations in the sugar content

of the urine in diabetes is the condition of the nervous system. A
sudden nervous shock will sometimes cause sugar to appear in

the urine of a diabetic from which it has long been absent owing

to careful regulation of the diet.

The clinical types in diabetes are three : the mild forms, the

severe, and the intermediate forms.

1. In the mild forms the urine can be freed from sugar by
limiting the intake of carbohydrates. It may be necessary only

to stop taking more than 100 grams of carbohydrate, or it may be

necessary to limit the ingestion entirely. At times the condition
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of the patient improves and the glucose does not reappear even

after considerable amounts of sugar are eaten.

2. In the severe forms the urine can not be freed from sugar

hy withdrawal of the carbohydrates ; in some it is even impossible

to free the urine of sugar by reducing the proteid intake ; in others

the urine becomes sugar-free when the proteids are reduced to a

certain point, but just as soon as the amount of proteid is again

increased the sugar split off from it begins to appear in the

urine.

It is probable that some of these severe cases obtain a por-

tion of their sugar from the metabolism of the fats. Lusk/

however, believes that the sugar is derived entirely from the

proteid, possibly by a synthetic process, and points out that

both in phlorizin dogs and in some severe and rapidly fatal

cases of human diabetes it is possible to obtain a constant ratio

between the dextrose excreted and the nitrogen in the urine;

that is, about 3.6 grams of glucose are excreted for every gram

of nitrogen taken in, this representing the maximum output of

sugar from proteid and complete inability of the body to oxi-

dize carbohydrates. This condition has been found by Lusk in

a rapidly fatal case of diabetes, the urine of which contained no

albumin, but little ammonia, no /?-oxybutyric acid, and only a

small quantity of acetone. The approximation of the sugar-

nitrogen ratio to 3.6, therefore, should be regarded as a sign of

exceedingly bad prognosis as regards the life of the patient.

3. The intermediate forms are those in which the sugar cannot

be removed from the urine by simply removing the carbohydrate

from the food, but in which it is possible to remove it by limiting

somewhat the proteid food. As a rule those forms can be con-

sidered as intermediate in which the nitrogen excretion in the

urine must be kept below 18 grams, and may be kept above 10

grams. In children the upper limit is 13 grams, the lower limit

7 grams of nitrogen. The severe forms are those in which the

nitrogen in the urine must be kept below 10 grams in adults and

7 grams in children. It will be seen, under the discussion of the

subject of acetone, that the amount of sugar in the urine is not

the only point of diagnostic and prognostic value.

* Mandel and Lusk : Proceedings of the Society for Experimental Biolog)''

and Medicine, 1904, p. 36: Stiles and Lusk: Journal of Physiology, vol. x,

1904, p. 67.
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QUALITATI\'E TESTS FOR GLUCOSE

Trommer's Test.—Ten c.c. of the urine are rendered alkaline

with a few drops of 10 per cent, sodium or potassium hydrate.

Dilute copper sulphate solution is then added until the precipi-

tate of copper oxide is no longer dissolved. If glucose or laevulose

is present a deep blue color is produced. On warming the mixture

a reddish copper oxide separates when sugar is present.

In order to avoid serious errors, the diagnosis of the presence

of glucose should only be made from this reaction when the red

copper oxide separates from the solution before the boihng

point is reached. When traces of sugar are present this reaction

does not take place until after considerable boiling, but under

these circumstances pentoses and some of the conjugate com-

pounds of glycuronic acid may cause a separation of the oxide

copper.

It has been pointed out ^ that if large quantities of alkali are

added the red oxide is precipitated by the action of sugar, while

the yellow product is due to the action of creatinin. This sub-

stance can be changed into creatin by excess of alkali and then

does not exert this reducing reaction. It is therefore important

to have a considerable excess of the sodium hydrate. On the

other hand, if too much alkali is added only a grayish color is

produced when the mixture is heated.

This test is not a reaction for sugar. It is merely a test of

the reducing power of the urine, and therefore may be given by

any reducing substance, such as uric acid, creatinin, or chloro-

form. The last substance usually produces a darker precipitate

than sugar.

Fehling's Test.—Equal quantities of Fehling's alkaline and

copper sulphate solution are mixed and heated in a test tube to

the boihng point. A small quantity of the urine to be tested is

then added and the mixture boiled. If no reduction takes place

a few more c.c. of the urine are added and the boihng repeated.

If the fluid turns yellow and then a copper red color, the presence

of a reducing substance is certain. Whether this reducing sub-

stance is glucose or not depends upon other tests. Only the red

copper suboxide is of diagnostic value ; a yellow or a greenish pre-

\Neumayer : Deut. Arch. f. klin. Med., Bd. Ixxvi, 1900, p. 197.



CHEMISTRY OF THE URINE 519

cipitate is often seen in normal urines. The boiling should not

be too prolonged, as some of the conjugate glycuronates may be

split up and then give a reduction.

Phenylhydrazin Test.—v. Jaksch method. The urine is diluted

with an equal bulk of water, or more if the quantity of glucose

is large, and about 1 gm. of dry phenylhydrazin hydrochloride

and 2 gms. of sodium acetate are added to about 10 c.c. of the

urine. The fluid is heated for twenty minutes on a water bath

and then placed in cold water for a short time to facilitate the

separation of the glucosazon crystals.

A neat and easily extemporized water bath for a test tube can

be made by filUng an Erlenmeyer flask of about 250 c.c. capacity

Fig. 142.

—

Crystals of Phenyi.glucosazon.

with a little water and standing the tube upright in the narrow

neck of the flask. Very little evaporation takes place when the

flask is heated.

If the quantity of sugar is rather large, an abundant yellow
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precipitate of the glucosazon appears before the urine is cooled.

If, on the other hand, the quantity of sugar is very small, only

enough crystals will be formed to give a slight deposit at the

bottom of the test tube after the contents have been thoroughly

cooled. The crystals are long, fine yellow needles arranged in

sheaves and spherical masses. Crystals only are characteristic;

dark, highly refractile globules of a deep yellow color are not of

any diagnostic value.

Kowarsky^s method is more convenient and simpler. Five

drops of phenylhydrazin are mixed in a test tube with 10 drops of

glacial acetic acid and 1 c.c. of a saturated solution of sodium

chloride. A curdy mass is formed of phenylhydrazin hydro-

chloride and sodium acetate. Then add 2 to 3 c.c. of the urine

to be tested and heat for at least two minutes over a flame. If

over 0.5 per cent, of glucose is present an immediate formation

of the glucosazon is observed. If smaller amounts are present the

test tube should be allowed to cool for a few minutes and the crys-

tals which have collected at the bottom removed with a pipette

and examined under the microscope with a one-fifth objective.

If only a few single crystals are seen, and if the other tests

for sugar have been negative, especially if the urine does not

ferment with yeast, the urine should not be considered as pos-

sessing an abnormal amount of sugar, for normal urine will occa-

sionally furnish a few needles of an osazon which may be derived

from the sugars normally present. In the Kowarsky method so

small a quantity of urine is used that this complication is not

likely to occur, and any crystals which are found may be looked

upon as an evidence of the presence of sugar in pathological

amounts. The small quantity of isomaltose present in a normal

urine will not give a maltosazon, for this compound is soluble in

four parts of water. The glycuronates and lactose do not furnish

crystals under ordinary conditions, so that, when properly carried

out, this test is one of the best for the identification of glucose

in the urine. Lspvulose gives an osazon identical with phenyl-

glucosazon, while the crystals of the phenylmaltosazon can be

distinguished microscopically by the fact that the yellow needles

are much broader than those of the phenylglucosazon.

Nylander's Test.—The reagent is composed of 2 grams of bis-

muth subnitrate, 4 grams Rochelle salt, 10 grams sodium hydrate

in 100 c.c. of water. It keeps well in dark bottles.
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Albumin must be removed from the urine by boiling and fil-

tration before testing. The urine is placed in a small test tube

and one-tenth volume of the reagent added and the whole slowly

heated. If over 0.1 per cent, of glucose is present the fluid

turns dark brown and then black.

A brown color may appear, which is not due to glucose, and

which does not finally change to black, but occurs when the urine

contains the products excreted after the administration of rhubarb,

senna, antipyrin, camphor, sahcylic acid, chloroform, saccharin,

chloral hydrate, and turpentine. The reducing power of some of

these substances is due to the capacity which they possess to

form conjugate compounds with glycuronic acid. If, however,

the test is carefully carried out and only a dense black precipitate

be considered as positive, it becomes one of the best and most

useful tests for sugar for general use by the practitioner.

QUANTITATIVE TESTS FOR GLUCOSE

Fehling's Method. ^—This test depends upon the power of

glucose to reduce copper oxide in an alkaline solution. The solu-

tion, which may be used for either quantitative or qualitative

tests, is kept in two separate parts made up as follows

:

a. Exactly 69.278 grams of chemically pure crystals of copper

sulphate are dissolved in about 600 c.c. of warm distilled water,

and after the solution has cooled to the temperature for which the

measuring flask is corrected the whole is made up to 1,000 c.c.

6. About 346 grams of sodium and potassium tartrate

(Rochelle salt) and 100 grams of sodium hydrate, "purified by
alcohol," are dissolved in water and the whole made up to 1,000

c.c. after the fluid has cooled. The solutions are to be mixed

only at the time of using.

To test quantitatively for sugar in the urine, 5 c.c. of each

solution is carefully measured off and 40 c.c. of water is added.

The fluid is then either boiled in a porcelain dish or in a beaker or

Erlenmeyer flask, and while hot the urine to be tested is run in

from a burette about 1 c.c. at a time. The precipitated cuprous

oxide usually settles quickly to the bottom, and the supernatant

fluid can be seen to grow less blue with each addition of the urine.

If the oxide does not settle rapidly and the color of the fluid

^Fehling: Archiv f. physiol. Heilk., 1848, p. 64.

35
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can not be seen, remove a drop of the fluid from the beaker and let

it fall upon one side of a double sheet of filter paper of good quality.

As soon as the drop has moistened the second sheet, remove it

and touch the moistened spot with a little dilute acetic acid and a

drop of potassium ferrocyanide. A brown spot of copper ferro-

cyanide shows that all the copper is not yet reduced. The reason

for the use of the two sheets of paper is to prevent the copper

oxide from being dissolved when the acid is added, as would be

the case if only one sheet were used. All the oxide is caught in

the pores of the first paper and removed, the test being carried

out solely on the filtrate on the second paper. A drop of the solu-

tion can thus be removed from time to time and the exact point

at which all the copper is reduced from the solution determined.

A very faint brown may be neglected, as it is due to the copper

oxide held in solution by the ammonia set free in the mixture by

the action of the alkali.

The reduction of the Fehling's solution is much more accurate

when the sugar solution is added as rapidly as possible, so that the

first titration must be considered as merely a preliminary test to

roughly estimate the amount of sugar present. In the second

titration the urine should be added at once to within half a cubic

centimeter of the result of the first titration, and then the final

adjustment by drops can be made in a few moments without

giving the solution any chance to obtain oxygen from the air.

If considerable accuracy isk required a third titration should be

made, using 20 c.c. of the Fehling's solution.

Precautions.—Albumin in traces does not interfere with the

reduction of Fehling's solution, but if present in amounts approxi-

mating 0.2 percent, it delays the precipitation of the copper oxide

from the solution and must first be removed from the urine by

the addition of acid and boiling. The urine should contain less

than 1 per cent, of sugar. If there is more sugar present the urine

must be carefully diluted and the dilution allowed for in cal-

culating the result.

Calculation of the Result.—Fehling's solution is so made up

that the 10 c.c. used are reduced by, and therefore correspond

to, 0.05 gram of glucose. If, then, it has required 8 c.c. of urine

to reduce all the copper, evidently this 8 c.c. of urine must contain

0.05 gram of glucose. One c.c. of urine, therefore, will contain

one-eighth of this amount, or 0.0062 gram of glucose. If, then,
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1 c.c.of urine contains 0.0062 gram of glucose, 100 c.c. will contain

0.62 gram of glucose, or, in other words, the urine will contain

0.62 per cent, of sugar.

Pavy Method.—If the urine, as is often the case, does not reduce

the oxide of copper to the red cuprous oxide immediately, but

yields a yellowish-green fluid from which no oxide separates out,

it is impossible to decide upon the exact point at which all the

copper is reduced, and it is necessary to modify the method so as

to allow of a determination being made. This is best accom-

plished, as suggested by Pavy,i by the addition of 30 c.c. of strong

ammonia to the mixed solution. As the reduction in an ammoni-

acal solution is different from that in one which contains only

fixed alkah, it is necessary to use 12 c.c. of the mixture instead of

10 c.c. That is, we measure off 6 c.c. of each of the alkaline

and copper solutions and add 30 c.c. of ammonia and also 60 c.c.

of water.

If to this diluted ammoniacal solution we add 10 c.c. of a

50 per cent, solution of sodium hydrate, the reduction takes place

according to the original formula, i. e., 10 c.c. = 0.05 gram of

glucose.2 The method of preference for accurate sugar deter-

minations is to make up the copper solution and then standardize

it against a weighed amount of pure glucose.

The reduced copper in this solution is not precipitated, but

is held in solution by the ammonia, and the color simply grows

paler as the reduction takes place, and finally when it is com-

plete becomes suddenly decolorized. The decolorization is never

quite complete, for there is always a yellow tint to the solution

from the action of the alkah on the sugar present. The change,

however, is so marked that the end reaction is very easily deter-

mined.

If the decolorized solution is allowed to stand for a few minutes

it rapidly regains its original blue tint, so that the whole titra-

tion must be carried out as quickly as possible, and is best done in

a narrow-necked flask.

If a large number of determinations are to be made by this

method, it is well to have the neck of the flask fitted with a cork

through which the tip of the burette passes, and another tube

^ Pavy: Zeit. f. anal. Chem,, Bd. xix, 1880, p. 98. Also Chem. News, vol.

xxxix, 1879, p. 77.

^ Pavy: Jour, of Chem. Soc, vol. xxxviii, 1880, p. 512.
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to convey the fumes from the ammonia into a bottle containing

fragments of pumice-stone wet with strong sulphuric acid to

absorb the ammonia as it is volatilized. The calculation is the

same as with the Fehling's; that is, the number of cubic centi-

meters of urine used corresponds to 0.05 gram of glucose.

As has been previously stated, the normal reducing power of

the urine may be from at least 0.08 to 0.6 per cent., so that the

results of sugar titrations are always too high by that amount;
and as the error of the titration methods is also at least 0.1 per

cent., it can easily be seen that the process is rather clinical than

scientific in its accuracy.

The error is less, however, if the urine is strongly diluted, for

then the uric acid, creatinin, and other substances interfere to a

much less extent. Greater accuracy can be obtained by titrating

the urine before and after fermentation, the difference between

the results giving the glucose. It is occasionally of advantage to

shake up the urine with a few crystals of lead acetate, which re-

moves a portion of the substances interfering with the process of

reduction.

Rudisch Method.—Another solution which has some advan-

tages over that of Pavy has been suggested by Rudisch.^

This solution contains

Copper sulphate, crystallized, 4.17 grams.

Sodium sulphite, crystallized, 50.00 ''

Sodium carbonate, crystallized, 80.00 ''

The salts are dissolved in 10 per cent, ammonia water and

made up to 500 c.c. One c.c. of this solution is decolorized by
one milligram of glucose.

Ten c.c. of the standard solution diluted with 40 c.c. of water

are put in an Erlenmeyer flask and heated. The flask should be

arranged with a tube leading into sulphuric acid in order to avoid

annoying ammonia fumes. The urine, which should preferably be

decolorized by filtration through animal charcoal, is allowed to

drop into the hot copper solution until the color disappears.

If large quantities of sugar are present the urine should be

correspondingly diluted.

When very exact results are required the sugar normally

present in the urine should be determined by titrating equal

^ Jacobi Festschrift, New York, 1900, p. 354.
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amounts of the specimen before and after fermentation. The

fermentation should be carried out at a temperature of about 37° C.

for eighteen hours. Ordinary yeast may be used, or, if preferred,

a pure culture of Saccharomyces apiculatus.

Determination of Glucose by Means of the Polariscope.—The

type of instrument ordinarily employed for clinical work is the

so-called half shadow apparatus. It consists essentially of a

Nichols' prism P, which acts as a polarizer, a tube R to carry

the urine to be tested, and a second Nichols' prism or analyzer

A by which the amount of rotation caused by the fluid is meas-

FiG. 143.

—

Polariscope.

ured. The zero of the instrument is fixed at the point at which

the two lateral halves of the field of the eye-piece are equally

illuminated.

In this type of apparatus it is necessary to employ mono-
chromatic light, the most convenient for this purpose being that

produced by the vaporization of a sodium salt in the Bunsen

flame.

The position of the zero on the scale should be determined

before using the instrument, as this may be altered by moving the

apparatus. The observation tube is then filled with the urine
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which has been acidified with acetic acid and precipitated with a

small amount of solid lead acetate and filtered. The tube, if not

perfectly dry, should be washed out with distilled water. The

latter should be removed by pouring a small quantity of the

filtered urine into the tube and then emptying the tube again.

This should be repeated at least once, for if water be left in the

tube, currents are formed between the water and the denser urine

and the sharpness of the image of the two halves of the fluid is

greatly interfered with. One end of the tube is closed with a

cap, the other end is filled a little more than even full and the

glass cover slid on sideways in order to avoid leaving a bubble

of water in the tube. The brass cap is then screwed on with

moderate firmness. Excessive pressure will either crack the pol-

ished end of the observation tube or will cause optical changes in

the glass which interfere with the readings.

Recent forms of tubes have caps which slide on instead of

screwing on, and are to be preferred. They also have a space

I
Fig. 144.

—

Tube to Hold Fluids for Polariscope.

for receiving any air bubbles imprisoned in the upper end of the

tube, thus allowing for expansion of the fluid (Fig. 144, a).

The light is arranged at a proper distance from the end of

the instrument and some fused sodium chloride is placed in the

platinum cup. A mixture which is somewhat preferable to so-

dium chloride is made up by fusing equal parts of sodium phos-

phate and sodium chloride and then pulverizing the fused mass.

The mixture should be kept in closely stoppered bottles in order

to prevent the absorption of water.

After the tube is placed in position the eye-piece is drawn out

until the two divisions of the field are separated by a sharp line.

For this purpose it is necessary to rotate the handle through 20

or 30 degrees so as to get a strong contrast between the two

fields. The handle is then turned until the vernier approaches

zero and the brightness of the two halves of the field is rendered

as nearly as possible equal. The vernier is then read by means of

a hand lens and the observation noted. This should be repeated

three or four times and an arithmetical mean taken of the results.
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The observation tube must be cleaned immediately after use, and
care should be taken that the caps are not left tightly screwed

down, as otherwise the rubber adheres to the glass and renders

it difficult to remove the plate-glass disks.

Calculation of the Results.—The specific rotation of glucose is

[a] p = + 52.74°, but for practical purposes in urine it may be

assumed as +53°.

In order to compute the amount of sugar in per cent, the

following formula may be used

:

a X 100

^ ^ 53 X 1

g = the amount of glucose in grams in 100 c.c. of the solution,

a = the angle of rotation.

1 = the length of the tube used in making the observations.

*

The length of the tube for clinical polariscopes is so arranged

that the readings can be made directly in percentages. Two tubes

are supplied, a short one measuring 94.7 millimeters in length, each

degree of rotation corresponding to 2 per cent, of glucose; while

the other is twice this length, or 189.4 millimeters, each degree of

deviation corresponding to 1 per cent, of glucose. The short tube

gives less accurate results but can be used without decolorizing

the urine, while with the longer tube lead acetate must always

be added to the urine in order to clear and decolorize the fluid.

The vernier of the apparatus permits readings to one-tenth of

a degree, but a number of readings should be made and the aver-

age taken. Small amounts of Isevorotatory glycuronates lower

the rotation, so that in urine the accuracy of the instrument is

scarcely higher than a fifth of 1 per cent.

The Fermentation Test. Einhorn Saccharometer.—^The most

convenient method of applying this test is to use one of the small

Einhorn fermentation tubes, which are graduated to read the

per cent, of sugar from the bulk of CO2 evolved. The urine must

contain less than 1 per cent, of glucose, and for practical purposes

a urine of a specific gravity of 1.020 should be diluted with an

equal bulk of water, that of 1.025 with two parts, etc. Allow-

ance must be made for the dilution by multiplying the final results

with the corresponding factors.

»For details of the theory and practice of the polariscope, see Landolt:

Optische Drehungsvermogen, Braunschweig, 1898.
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The urine, after the proper dilution has been carried out, is

to be gently shaken up with a fragment of fresh cake yeast about

the size of a split pea. The shaking should not be so violent as to

cause any foaming, for the air so distributed through the fluid

will slowly collect at the top of the tube and may be taken for

gas produced by fermenta-

tion. If the urine is alkaline

it should be rendered faint-

ly acid with hydric acetate.

^^2
(
\

' 11 The U-tube is then carefully
***"

'

'

filled with this mixture of

yeast and urine, avoiding all

air bubbles at the upper end.

An exactly similar prepara-

tion is then made with a urine

which is known to be normal,

and the two tubes set aside at

room temperature.

In a few hours, if the

sugar is abundant, bubbles

of gas will begin to collect at

the top of the tube, and at

the end of fifteen to eighteen

hours the fermentation will

be complete and the amount
of sugar may be read off. The reason for the control tube is that

certain varieties of yeast undergo what is called self-fermentation

;

that is, there is enough gas given off during the growth of the

yeast, and possibly also from a slight amount of sugar which may
be present, to form a considerable volume at the top of the tube.

This gas which collects in the control tube should be subtracted

from the reading of the tube of the diabetic urine.

The fermentation method is the most convenient and satis-

factory method for the practitioner, and it is also the most certain

test for the presence of glucose in the urine. For scientific pur-

poses it is best to use, instead of ordinary yeast, a pure culture

of the yeast plant Saccharomyces apiculatus. Maltose and la^vu-

lose, if present in the urine, are fermented by the yeast ; lactose is

not, at least during the first twenty-four hours. Glycuronic acid

is not fermented.

Fig. 145.

—

Einhorn Saccharometer.
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Lohnstein Saccharometer.—A more accurate fermentation ap-

paratus which can be used for urines containing large quantities

of sugar has been devised by Lohnstein.^

The errors which arise from the use of the

Einhorn fermentation tube at widely differ-

ing temperatures, etc., are avoided by the

proper graduation of the scale for two tem-

peratures, and by separating the urine to

be fermented from the atmosphere by mer-

cury. (See Fig. 146.)

The apparatus consists of a bulb and a

tall U-tube connected with it, from the long

arm of which hangs a movable scale of tem-

peratures and percentages of sugar. The
bulb is closed at the top by a ground-glass

stopper which has an opening which corre-

sponds with the opening in the neck of the

bulb, so that the air space which remains

above the mercury with which the bulb has

been partly filled can be made to commu-
nicate or not with the outside air. When
fermentation takes place the pressure on

this stopper is very considerable, so that a

weight is provided to place on the top of

the stopper and hold it in position. The
amount of mercury (12 c.c.) which should

be used is furnished with the apparatus.

To make a sugar determination one-half c.c.

of the urine to be tested is taken up in a

small syringe furnished with the apparatus

and injected on the surface of the quick-

silver. The syringe is then washed out and

filled for about ten divisions with a thick

paste made out of ordinary compressed

yeast diluted two or three times its volume

with water. This paste is injected into the

bulb on top of the mercury and mixed with urine. The stopper

is then carefully greased with a mixture of equal parts of yellow

Fig. 146.

—

Lohnstein's
Saccharometer for
Undiluted Urine.

1 Miinch. med. Woch., 1899, p. 1671.
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wax and vaselin, turned so that the two apertures correspond,

and by gently tipping the apparatus the column of mercury in

the straight arm of the tube is made to coincide with the zero of

the scale. When this occurs the stopper is readjusted so that the

holes no longer correspond, the apparatus is brought back to the

vertical, the weight is placed on top of the stopper to prevent

leakage, and the whole apparatus is placed in the incubator. In

six hours the fermentation is complete. The apparatus is allowed

to stand in the air for a few minutes to regain room temperature

and the scale is read off. Or the mer-

cury may be adjusted after the appara-

tus has been warmed in the incubator

and the readings may be taken at incu-

bator temperature, as one side of the

scale is graduated to correspond with

35° G. If an incubator is not accessible

the fermentation can be allowed to go on

at room temperature, but this requires

considerable time, from eighteen to

twenty-four hours, to complete the fer-

mentation of the last portions of the

sugar. Or the apparatus can be stood

in a vessel of water and this water

heated by either a small gas burner or

a night light candle, the distance from

the flame being so regulated that the

temperature remains about 32° or 33°

C. In this way fermentation can be

completed in about six hours.

After the determination is completed

the stopper is turned slowly until the

holes correspond, while the mercury re-

The stopper is then taken out and the

The space over the

Fig. 147.

—

Lohnstein's Sac-

charometer for diluted
Urine.

turns to its former level.

bulb cleaned with a little absorbent cotton.

mercury is then washed out several times with fresh water, and

this water is removed by a fresh piece of cotton. After long use

the mercury becomes contaminated, and it should be turned out,

filtered through a pinhole in a piece of filter paper or squeezed

through chamois leather, and the glass part of the apparatus

cleaned out with hot sodium carbonate solution. The results
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obtained with this fermentation apparatus correspond very

closely with those of the titration and polariscopic methods. It

furnishes, therefore, a very convenient and simple means for the

determination of sugar by the practitioner.

Another form for the apparatus using diluted urine is shown
in Fig. 147.

LiEVULOSURIA

Lsevulose has been found in the urine in a few cases, of which

the most authentic are those of May,i Rosin and Laband,^ and

Schlesinger.3 Other reported cases by Zimmer,^ Seegen,^ Kiilz,

and Marie and Robinson,^ are less certain, owing to the imperfect

identification of the sugar excreted. Of the observed cases few

gave symptoms referable to diabetes or excreted very large quan-

tities of laevulose, except Zimmer's patient, where the amount
of the sugar present reached 10 per cent.

The case of Laband showed a laevorotation of 1.2°, which is

equivalent to about 0.9 per cent, of laevulose. After the ingestion

of 100 grams of laevulose the amount present in the urine was

diminished. One hundred grams of dextrose also did not produce

an alimentary glycosuria. The diabetic symptoms gradually dis-

appeared. Laevulose was found in the blood. In the other cases

the amount of sugar was moderate, and in all a prompt reduction in

the amount in the urine was obtained by withdrawing carbohy-

drates from the diet. The administration of laevulose and sac-

charose in about 100 gram doses in Schlesinger's case caused a

great increase in laevulose excretion, and this fact is of especial

interest, because it has long been known that in true dextrose

diabetes large quantities of laevulose can be assimilated without

increasing the sugar excretion in the urine. The injection of

phloridzin caused a large excretion of dextrose but no increase in

laevulose.

The condition is evidently a transitory one, as it can be easily

controlled by proper regulation of the carbohydrate intake, and

» Beut. Arch. f. klin. Med., Bd. Ivii, 1902, p. 279.

2 Zeit. f. klin. Med., Bd. xlvii, 1902, p. 182. See also Lepine et Boulud.

Rev. d. Med., 1904, p. 185.

3 Arch. f. exp. Path. u. Pharm., Bd. xv, 1903, p. 273.

^ Prag. med. Woch., 1876, p. 330.

5 Cent. f. d. med. Wissen., 1884, p. 753.

« Semaine Med., 1897, p. 250.
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should be sharply separated from glycosuria, for none of the cases

were observed to go on to true diabetes with the excretion of

dextrose, so that it seems probable that cases of Isevulosuria are to

be considered as due to some defect in the normal metabolism of

that sugar to glycogen in the liver, and therefore an interference

with its final use as a source of energy for the tissues. It has been

also suggested that this sugar may be formed in the body and the

excess excreted, an idea which has also been developed to ex-

plain the appearance of pentose in the urine. Rosin and Laband
have also shown that many diabetic patients excrete small quan-

tities of Isevulose in the urine, a fact of scientific interest only.

The blood of these patients also contains Isevulose. Neuberg and

Strauss ^ have also shown that Isevulose is present in small amounts

in serous exudates.

The administration to a fasting person of a solution of 100

grams of Isevulose or honey in 500 c.c. of water incites a Isevu-

losuria in about 15 per cent, of the cases examined. It has been

shown 2 that in about 85 per cent, of persons suffering from dis-

eases of the liver the administration of a similar amount of Isevu-

lose will incite a marked hevulosuria. A considerable variety of

hepatic diseases show alimentary Isevulosuria. In cirrhosis it fre-

quently appears ; in carcinoma of the liver it has also been ob-

served; and recently it has been found that alimentary Isevu-

losuria occurs in icterus due to syphilitic changes in the liver.

^

All cases of spontaneous Isevulosuria should be examined for

lesions of the liver.'*

In order to determine the presence of Isevulose the urine should

be fermentable, rotate to the left, reduce Fehling's solution and

give Seliwanoff's reaction.

Tests for Laevulose.—Inasmuch as Isevulose reduces Fehling's

solution, ferments with yeast, and forms an osazon with a melting

point of 205° C, it can not be distinguished from glucose by these

methods. The slight Isevorotation which is produced by the

1 Zeit. f. phys. Chemie, Bd. xxxvi, 1902, p. 225.

^Strauss: Deut. med. Woch., 1901, pp. 757 and 786; Bruining : Berl.

klin. Woch., 1902, p. 587; Steinhaus: Deut. Arch. f. klin. Med., 1902, Bd.

Ixxiv, p. 537; Chajes: Deut. med. Woch., 1904, p. 696.

^ Samberger : Arch. f. Derm. u. Syph., Bd. Ixvii, 1903, p. 94.

* See for an interesting case of alimentary Isevulosuria, Schwartz : Deut.

Arch. f. klin. Med., Bd. Ixxvi, 1903, p. 286.
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small quantity of this sugar usually present in the urine may
easily be confused with that due to glycuronic acid. There are,

however, two reactions which can be used to identify Isevulose.

Seliwanoff's Reaction.^—Ten c.c. of the urine are heated

with a small amount of resorcin and 2 c.c. of dilute hydrochloric

acid. If Isevulose is present a brilliant red color will appear. It

has been generally assumed that this reaction was characteristic

of the ketose group of sugars, but it has recently been found

that the same reaction may be given by some of the polysaccharids,

namely, cane sugar, raffinose, and inulin, and even by cellulose.

Where these substances can be excluded the reaction may be

regarded as an evidence of the presence of either of the two ketose

sugars, laevulose and sorbinose, and must remain the only charac-

teristic reaction which can be ordinarily applied by the practitioner.

The Seliwanoff reaction has recently been improved by Rosin .2

After heating the fluid to be tested with an equal bulk of hydro-

chloric acid and a few granules of resorcin, if the characteristic

red color be obtained the fluid is to be cooled and neutralized

with sodium carbonate. The orange-colored, alkaline fluid is

now shaken out with amyl alcohol, which extracts a red coloring

matter which shows a slight shade of yellow and a green fluores-

cence.

On the addition of a few drops of absolute ethyl alcohol the

color becomes pure rose red. Dilute solutions show a single band

of the green extending from the E line to b. In more concen-

trated solutions this band becomes darker and extends somewhat

over the two lines mentioned, while a second very faint band

appears in the blue near the line F. The addition of alcohol in-

creases the sharpness of the band in the green. The reaction and

spectrum is given only by the ketoses, especially laevulose and

sorbose, and also by hydrochloride of glucosamin, but the reaction

in this case is very faint. ^ The absorption spectrum, however,

permits a differentiation between the reaction produced by the

two ketoses and the reddish color which is produced by other

substances with hydrochloric acid and resorcin.

The Seliwanoff reaction, Isevorotation and the action of this

sugar on Fehling's solution and its fermentability by yeast are

1 Chem. Berichte, Bd. xx, 1887, p. 181.

2 Zeit. f. phys. Chemie, Bd. xxxviii, 1903, p. 555.

3 Fr. Mailer: Zeit. f. Biologie, Bd. xlii, 1901, p. 511.
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the only tests which come within the scope of a cUnical labo-

ratory.

Neuberg ^ has recently shown, however, that laevulose forms

a characteristic osazon with asymmetrical methylphenylhydrazin
p TT <v

J^ ^ /N — NH2 even in the presence of other sugars, and that
CH3/

this is the best means of identifying laevulose.

The method is as follows : The urine, or other fluid which is to be

investigated, is rendered acid with a few drops of acetic acid as soon as

possible after it has been obtained. The fluid is brought to the boiling

point and the albumin which separates filtered off. The clear filtrate,

which must be distinctly acid, is then evaporated in a vacuum to a thin

sirup, at a temperature not above 40° C. A few fragments of litmus

paper are left in the fluid in order to see that it remains acid during the

entire course of the evaporation. The residue is then extracted with 98

per cent, alcohol by heating over a water bath, the amount of alcohol

used being half of the quantity of the original fluid taken. In about

five minutes the major portion of the laevulose is extracted and the fluid

is filtered after it is cold. If the residue which remains after extraction

with alcohol shows a considerable reducing power to Fehling's solution

after dissolving in water, it should be re-extracted with the same amount
of alcohol. The united alcoholic extracts are filtered if necessary to

remove any flocculent precipitate and then decolorized with bone charcoal.

A measured quantity is removed and the amount of reducing substance

determined by titration with Fehling's solution. The quantity of sub-

stance thus determined is considered as laevulose, and the proper amount
of niethylphenylhydrazin is added to the alcoholic solution after the lat-

ter has been evaporated to about 30 c.c. The amount of methylphenyl-

hydrazin is three molecules for one molecule of sugar—that is, for each

gram of sugar, two grams of the reagent should be added. The mixture

is allowed to stand in the cold for several hours, and, in case a precipitate

has formed, is filtered. The filtrate is mixed with an amount of 50 per

cent, acetic acid equal to the amount of methylphenylhydrazin which

has been used, and enough alcohol is added to produce a clear solution.

The mixture is then heated for from three to five minutes on a water bath,

or better, in an incubator at 40° C, for twenty-four hours. If large amounts

of laevulose are present the methylphenylosazon will separate out in

crystalline form, and especially after the addition of a few drops of water.

If small quantities only are present the addition of water causes sepa-

ration of the osazon in the form of an oily fluid, which will crystallize

if rubbed with a glass rod, or after inoculation with some crystals of

* Neuberg u. Strauss: Zeit. f. phys. Chemie, Bd. xxxvi, 1902, p. 225.
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Isevulose-methylphenylosazon. The same result can be obtained more
rapidly by very strong cooling as follows

:

The oily methylphenylosazon is separated from the mother liquor

and washed several times by decantation with cold water, and finally

dried in a vacuum over concentrated sulphuric acid. The resulting mass
is dissolved in alcohol, filtered, and placed in a cooling mixture of ether

and solid carbonic acid. Crystallization begins almost immediately.

The crystals are separated from the fluid and washed with absolute

alcohol which has been chilled in the same cooling mixture.

The crude product can be purified by dissolving in hot water with

the addition of a small amount of pyridin. A small amount of bone

charcoal is added to the fluid; it is filtered, and evaporated to a small

bulk, during which procedure the osazon separates in delicate yellow

needles of a melting point of 158° to 160° C. The preparations recrystal-

lized from alcohol show a more reddish color and generally a lower melt-

ing point, about 153° C. Two decigrams of the methylphenyl-lsevulo-

sazon dissolved in a mixture of 4 c.c. of pyridin and 6 c.c. of absolute

alcohol show a dextrorotation of 1° 40' in a 10 cm. tube. The yield of the

osazon is about 80 per cent, of the amount of sugar present in pure solu-

tions, and about half that amount in urine and exudates.

LACTOSURIA

Lactose is found in small quantities, usually less than 1 per

cent., in the urine of many women after childbirth. The older

idea that lactose appeared in the urine of pregnant women has

been shown to be incorrect. The sugar appears in about 20 per

cent, of nursing women, but, on the other hand, in about 80 per

cent, of those who do not nurse their children. The sugar appears

most frequently in the first few days after delivery, and may con-

tinue in the urine for a number of months. It is usually most
abundant^ about the fourth or fifth month after delivery, and
averages about 0.35 per cent., the amount depending upon the

condition of the breasts and the quantity and quality of the milk.

In women who nurse their children there is usually no lactose

present in the urine, but if for any reason nursing is interrupted

very considerable quantities of lactose appear, and as this may
occur during any part of the post-partum period, it is of

importance to be able to distinguish lactose from glucose in order

to avoid an incorrect diagnosis of diabetes based upon the dis-

covery of a reducing sugar in the urine. The reason for the

appearance of lactose in the urine is that it is absorbed into the

^MacCann: Lancet, 1897, p. 1174; also Pari/.* ibid., p. 1075.
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blood directly from the glands of the breast and immediately

excreted unchanged by the kidneys. The addition of considerable

quantities of glucose to the food may increase the amount of

lactose in the blood, showing that some of the lactose must be
used by the tissues, and that the additional glucose prevents the

oxidation of the lactose in the blood or its absorption.

In order to differentiate lactose from glucose it is necessary

to determine the presence of a reducing substance in the urine

and then to carry out a fermentation test, preferably with a pure

culture of yeast. If only the ordinary compressed yeast is avail-

FiG. 148.

—

Crystals of Phenyllactosazon.

able, the fermentation must be interrupted at the end of a few

hours, because the bacteria present are capable of breaking down
lactose into a fermentable sugar. If prompt fermentation takes

place the sugar is presumably glucose, or possibly IjEVulose ; if not,

lactose or pentose, but the latter can be excluded by its color

reactions. The dextrorotation of the lactose should also be

determined by the polariscope.

The phenylhydrazin test usually fails in urine, but if the spec-

imen is concentrated and the residue extracted by heating with a

considerable quantity of alcohol, filtering, and allowing the fluid
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to evaporate at room temperature, a relatively pure sugar will be

obtained which gives a lactosazon (melting point, 200° C), which

shows certain morphological peculiarities which permits its dif-

ferentiation from the other osazons. The crystals form small

sheaves of very delicate curved needles looking like small tufts

of silk threads, in contradistinction to the coarser straight needles

of dextrosazon (Fig. 148).

Lactose also gives Rubner's test.^ Three grams of lead acetate

are added to 10 c.c. of the urine to be tested. The precipitate is

filtered off and the filtrate heated in a test tube for three or four

minutes until a brownish color appears. Ammonia is added and

the heating continued, when if lactose is present a brick red color

appears in the solution and a cherry red precipitate is deposited

at the bottom of the tube, while the supernatant fluid becomes

decolorized. Urines over 1.020 should be diluted with an equal

bulk of water. The reaction is not very delicate, and usually is

obtained only where the lactose content is from 0.3 to 0.5 per cent.,

hence it may be necessary to concentrate the urine and test the

residue.

MALTOSURIA

In a number of cases of disease of the pancreas, chiefly those

with interstitial lesions, the presence of maltose in the urine has

been determined. In a case reported by Rosenheim, with inter-

stitial pancreatitis, the amount of sugar present varied from 0.1

to 0.5 per cent. In one of two cases reported by Kottmann,^ in

which glucose was found in the urine accompanied by small quan-

tities of maltose, there was a calculus in the pancreatic duct. An
autopsy was not obtained in the other, but the patient suffered

from tuberculosis accompanied by diabetes. The identification

of the sugar, however, was not very thoroughly carried out. Un-

doubted cases are those of le Nobel,^ von Ackeren,^ Flatow^ and
Lepine. In the case of von Ackeren there was a carcinoma of

the head of the pancreas. It has also been shown that complete

removal of the pancreas in dogs is accompanied by the excretion

' Zeit. f. Biol., Bd. xx, 1884, p. 397.

^ La Maltosurie : ThSse Inaug., Geneve, 1901.

3 Deut. Arch. f. klin. Med., 1888, Bd. xliii, p. 285.

* Berl. klin. Woch., 1889, p. 293.

» Berl. klin. Woch., 1898, p. 317.

36
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of maltose as well as dextrose. The determination of the presence

of maltose depends upon the determination of the nitrogen con-

tent of the maltosazon, which contains 10.6 per cent, of nitrogen,

and by the dextrorotation of 1° 30' of a solution of 2 decigrams of

the osazon in a mixture of 4 c.c. of pyridin and 6 c.c. of absolute

alcohol. The melting point (207° C.) of the osazon is not sufficient

to differentiate maltose from dextrose, as small amounts of im-

pui'ity will result in a lowering of the melting point to that of

the dextrosazon. The determination of the presence of the mal-

tose in the urine is therefore chiefly of interest in the study of the

diseases of the pancreas and has no great practical value.

PENTOSURIA

The pentose group of sugars comprises those whose mole-

cules contain five carbon atoms, in other words, C5H10O5. The

series is composed of eleven members, of which 1-arabinose and

1-xylose are of chief interest. These sugars, or an anhydride form,

are abundantly present in all plant structures. The anhydride or

pentosane is easily changed into the pentose form by heating with

dilute acids, just as starch may be transformed into glucose by the

same procedure. Pentose is also found in the nucleo-proteid of

the tissues of the body, and in especial abundance in the pancreatic

gland. By heating this tissue with dilute sulphuric acid 1-xylose

may be obtained. Only very small amounts of this sugar are

present, however, in the body in this combination, probably not

more than 10 grams.

Pure pentose when given by mouth or injected into the blood

is rapidly excreted in unaltered form in the urine ; but considerable

quantities of pancreas or vegetable food may be ingested without

the production of an alimentary pentosuria, probably because

the slowness with which the sugar is set free permits its complete

absorption and combustion. Traces of pentose, though usually

not sufficient to reduce Fehling's, can be found in the urine after

eating large quantities of vegetables or fruits containing an abun-

dance of pentose, or by drinking liquors containing pentoses. The

type of pentose present under these conditions is the dextrorota-

tory 1-arabinose, a matter of considerable interest, as the form

found in the urine in true pentosuria is an inactive r-arabinose.i

1 Neuberg: Chem. Berichte, Bd. xxxiii, 1900, p. 2243.
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The racemic arabinose is probably excreted in combination

with urea as an inactive arabinoseureid.

Traces of pentose have been demonstrated in the urine of a

number of cases of severe diabetes; but this phenomenon is un-

important chnically, and may merely indicate that the lack of

power of the tissues to oxidize glucose also extends to other forms

of sugars. The exact form of the pentose excreted under these

circumstances has not been determined.

Some thirteen cases of true pentosuria, not dependent upon the

intake of large quantities of that sugar, have been described

during the last decade. The patients gave no symptoms refer-

able to diabetes. Some of them suffered from the morphine habit

or had neurasthenia. One of the cases had a family history of

diabetes, and another occasionally excreted small quantities of

glucose though without diabetic symptoms. Brat ^ reports an

interesting pair of cases in which brother and sister suffered from

pentosuria. Bial ^ also reports three members of the same family

all suffering from this disorder of metabolism. No deaths have

occurred in persons known to be suffering from pentosuria, so

that we have no knowledge of the pathological anatomy of the

condition.

The amount of sugar excreted is small, rarely more than 10

or 20 grams per day, while in the best observed cases the excretion

has been noted for at least six years without influence on the

general health. The oxidizing power of the tissues for glucose

has been shown not to be diminished, for 100 grams can be in-

gested without the production of an alimentary glycosuria. As

the type of pentose found in the urine is the optically inactive

r-arabinose, it can not be derived from the food which contains

1-arabinose, nor from the nucleo-proteid of the body which con-

tains 1-xylose, and it seems probable that the sugar is formed

synthetically in the body, possibly from galactose; but nothing

more definite is known about the matter.^

Tests for Pentose in the Urine.—Urine containing pentose

reduces Fehling's solution, but the copper oxide appears only

after the mixture has been boiled for a few seconds, when there

1 Zeit. f. klin. Med., Bd. xlvii, 1903, p. 499.

2 Berl. Min. Woch., 1904, p. 552.

3 See Bendix: Die Pentosurie, Stuttgart, 1903. See also Neuberg : Ergeb-

nisse der Phvsiologie, Bd. iii, Heft 1, 1904, p. 373.
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is a sudden general clouding of the fluid. The reaction thus dif-

fers from that produced by glucose and other sugars, where streaks

of the oxide rise from the heated portion of the tube before the

fluid begins to boil. This slow reduction is probably due to the

fact that the pentose, as stated above, is presumably in com-

bination with urea when excreted in the urine, and only reduces

copper when set free by the action of heat and the alkali. A
similar phenomenon is seen in the reduction of the glycuronic

acid compound, urochloralic acid, the separation of the copper

taking place only after boiling has continued for some little time.

Nylander's test usualty gives a grayish or brownish deposit,

and not as strong a black as is furnished by the other sugars.

Gas is not formed when pentose urine is fermented by yeast

or pure cultures of saccharomyces. Pentose, however, can be

broken up by impure yeast containing bacteria, but without the

production of gas.

Phloroglucin Test.—Three c.c. of the urine are mixed with

3 c.c. of strong hydrochloric acid and a few granules of phloro-

glucin. The mixture is heated to the boiling point, and if pentose

is present a cherry red color will appear throughout the fluid,

which gradually changes to a dark green. If amyl alcohol is now
added and the whole shaken, the coloring matter will be extracted

and shows an absorption band between D and E. Lactose may
give the color but not the absorption spectrum.

Diabetic urines and urines containing glycuronic acid also give

this reaction, so that it is of slight value in testing complicated

fluids like the urine, and is being replaced by the orcin test.

Orcin Test.—Three c.c. of the urine, preferably decolorized

by filtration through animal charcoal, are mixed with 5 c.c. of

hydrochloric acid of a specific gravity of 1.19 and a few grains of

orcin are added. The fluid is brought nearly to the boiling point,

but not over 95° C. If pentose is present a dark green color is

produced and also a greenish blue precipitate which is character-

istic of pentose. Diabetic urines and those containing glycuronic

acid do not give the greenish blue precipitate. If amyl alcohol

is added and the color shaken out an absorption band will be

seen between C and D. A second band is often seen to the red

side of C. An occasional band in the green is due to an excess

of orcin.

Urines containing glucose do not give the band between C
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and D, and the color of the solution is usually yellowish or brown.

Urines containing glycuronic acid often show the bands when the

heating has been continued for too long a time. The reaction often

fails even in the presence of pentose when the hydrochloric acid

is not of sufficient strength. The presence of large amounts of

glucose may interiere with the reaction, but if the glucose is

removed by short fermentation with a pure culture of saccharo-

myces apiculatus, the pentoses will not be fermented and a strong

reaction may be obtained. Fermentation with ordinary yeast is

likely to remove the pentoses also.

BiaPs Test.i—Ten c.c. of a solution composed of 500 c.c. of

concentrated hydrochloric acid, 1 gram of orcin and 30 drops of

10 per cent, ferric chloride solution are brought to the boiling

point in a test tube, and 5 c.c. of the urine to be tested are added.

A green precipitate forms on cooling which can be further tested

by dissolving in amyl alcohol and examining with a spectro-

scope. Pentose is present if a band is seen between C and D.

If the urine and reagent are boiled for two or three minutes the

conjugate glycuronic acid compounds will be split up and then give

the orcin reaction.

Phenylhydrazin Test.—A pentosazon may be produced by

heating the urine with phenylhydrazin hydrochloride and sodium

acetate, and then allowing the mixture to stand in the cold for a

E h

Fig. 149.

—

Orcin Test. A, Spectrum of Glucosazon ; B, Spectrum of

Pentosazon or Pentose. (Blumenthal.)

considerable time. The crystals should be filtered off, recrys-

talUzed by dissolving in a small quantity of hot water and allowing

to cool, and the melting point determined. The osazon of ara-

binose melts at from 166° to 168° C.^ If dextrose is present in

the urine the dextrosazon may be separated from the pentosazon

by extracting with water at a temperature of 60° C. The glu-

1 Deut. med. Woch., 1902, p. 253. ^ Blumenthal gives 155° to 160° C.
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cosazon under these conditions is practically insoluble, while the

pentosazon dissolves freely in water of this temperature. The

filtrate from the glucosazon crystals will then deposit the pen-

tosazon when cooled, and if necessary concentrated somewhat by

evaporation.

The osazons when submitted to the orcin test give character-

istic spectra. (See Fig. 149.)

Quantitative Determination.—Inasmuch as the r-arabinose is

inactive to polarized light it is impossible to estimate the sugar

by the polariscope, and titration with Fehling's solution does not

give accurate results. It is possible, however, to determine the

arabinose by a method devised by Neuberg and Wohlgemuth.^

The approximate content of the urine in arabinose is deter-

mined by titration with Fehling's solution. If less than 1 per cent,

is present, the urine must be concentrated in a vacuum until the

sugar approximates 1 per cent.

One hundred c.c. of urine are mixed with 2 drops of 30 per cent,

acetic acid, and evaporated on a water bath to about 40 c.c.

Forty c.c. of hot 96 per cent, alcohol are then added and the mix-

ture cooled. After standing for two hours the alcoholic solution

is filtered from the urates and the inorganic salts which have

separated, and the residue is carefully washed with 40 c.c. of

50 per cent, alcohol. One and one-fourth grams of pure diphenyl-

hydrazin are then added to the filtrate and the mixture is warmed

for a half hour on a water bath, the alcohol which evaporates

being replaced. After the mixture has stood for twenty-four hours

in a cold place the crystals which have separated are collected in

a Gooch filter, using the filtrate to collect the crystals. The con-

tents of the filter are then washed with 30 c.c. of 30 per cent,

alcohol, and the whole is dried at 80° C. to a constant weight.

The amount of arabinose is obtained by multiplying the weight of

the hydrosazon by 0.4747.

GLYCURONIC ACID

The interest in glycuronic acid from a clinical point of view

lies chiefly in the fact that some of its conjugate compounds when
present in considerable quantities in the urine are capable of caus-

ing a marked reduction of Fehling's solution with the separation

1 Zeit. f. phys. Chemie, Bd. xxxv, 1902, p. 41.
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of red copper oxide, and thus simulate one of the important sugar

reactions.

Our knowledge of the conditions under which glycuronic acid

appears in the urine and in the body fluids has been greatly

increased in the last five years, chiefly owing to the investigations

of Mayer and Neuberg. The isolation and identification of the

acid previous to this time depended upon the separation from large

quantities of urine, of pure compounds of the acid and required

a complicated chemical technique. But the discovery by Neuberg ^

that the para-brom-phenylhydrazin compound of glycuronic acid

is characterized by a high melting point (236° C), insolubility

in absolute alcohol, and an extraordinarily high Isevorotation, has

rendered the identification of glycuronic acid a comparatively sim-

ple process.

It has been shown by these observers that traces of glycuronic

acid are present in normal urine in the form of phenol and indoxyl-

glycuronic acids. It has also been shown that conjugate glyc-

uronic acid is a constituent of normal blood,^ and that a part

of the substance called jekorin is undoubtedly a conjugate sub-

stance containing glycuronic acid. Lepine ^ has also shown that it

is probable that in some cases in which an increase in the blood

sugar has been assumed, the increase has actually been due to a

high content of glycuronic acid.

The mode of origin of glycuronic acid in the animal organism

has been generally assumed to be based upon a partial oxidation of

grape sugar.

The chemical relationship of this compound with glucose can

be seen by an inspection of their structural formulae

:

glucose = CH2OH glycuronic acid = COOH

I I

(CH. 0H)4 (CH. 0H)4

I I

COH .
COH

It is evident that it is only necessary to substitute an oxygen

molecule for two hydrogen molecules in the first group of glucose

to produce glycuronic acid.

^Chein. Berichte, Bd.xxxii, 1900, p. 2395.

2 Mayer : Zeit. f. phys. Chem,, Bd. xxxii, 1901, p. 518.

' Compt. Rend., tome cxxxiii, 1901, p. 138; and tome cxxxiv, 1902, p. 398.
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The presence of conjugate glycuronic acid compounds in abun-

dance in the urine may be regarded as an effort of the body to

overcome an intoxication by combining with the substance which

causes this intoxication.

The experiments of Hildebrandt/ which have shown that

certain poisons can be neutraUzed in the animal body by a con-

jugation with glycuronic acid when large amounts of glucose are

administered, point toward the truth of the oxidation theory. It

is possible, therefore, that the presence of large amounts of glyc-

uronic acid may prove of value in the clinical diagnosis of an

intoxication.2 An increase in this substance has been noted in

hysteria, neurasthenia, and various neuroses, when all evidences

of gastro-intestinal disturbance have been absent, though it is

well known that in these conditions the indoxyl excretion may be

higher than normal. An increased amount is also found in the

urine of persons suffering from intestinal intoxication and from

chronic heart disease, where the oxidizing power of the body is

markedly reduced. In all these conditions it is probable that the

increase in the acid is due to an increased formation of indol and

other aromatic bodies in the intestine, and that an attempt is

made by the organism to neutralize the toxic effects by conjuga-

tion with glycuronic acid.

Whether glycuronic acid can arise from other sources than the

sugars, for example, from the albumin molecule, has not been

proved. It is, however, very probable. But that portion of

albumin which can be used to form glycuronic acid is in all prob-

ability the same which gives rise to glucose or glycogen, and there-

fore the question returns to the original point as to whether

glycuronic acid is an oxidation product of glucose.

The most important drugs which incite an excretion of con-

jugate glycuronic compounds are chloral, chloralamid, butyl chlo-

ral hydrate, camphor, menthol, members of the turpentine group,

sandalwood oil, phenol, acetanilid, antipyrin, phenacetin, naph-

thalin compounds, thallin, saccharin, salicylic acid, and alkaloids

of the morphine and cocaine group. The chloral compound, uro-

chloralic acid, is the one which is most frequently mistaken for

sugar. The butyl chloral, camphor, phenol, and indoxyl com-
pounds do not reduce Fehling's solution unless spHt by prolonged

1 Arch. f. exp. Path., Bd. xliv, 1900, p. 278.

2 For an interesting case see Wohlgemuth : Berl. klin. Woch., 1904, p. 1084.
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boiling of the strongly alkaline mixture. No one of these com-
pounds ferments with yeast. It should be remembered that

chloralamid if given in large doses may incite a glycosuria.

Diabetic urine frequently contains considerable quantities of

conjugate glycuronates, and after the glucose has been removed
by fermentation a slight Isevorotation may appear. This Isevoro-

tation, however, may be due to /?-oxybutyric acid, but as this

acid is not precipitated from urine by lead subacetate or lead sub-

acetate plus ammonia, the Isevorotation due to the glycuronic acid

can be removed by precipitating the urine with the above-men-

tioned salts of lead, and the /?-oxybutyric laevorotation will still

remain in the filtrate. The precipitate formed on the addition of

the lead subacetate can be decomposed by hydrogen sulphide, and

the glycuronic acid compounds set free can be recognized by giv-

ing a strong orcin reaction when heated with hydrochloric acid and

a few granules of orcin. Or the /?-oxybutyric acid may be removed

from the urine by shaking out that fluid three or four times with

considerable quantities of ether, and the remaining fluid may be

tested by the polariscope or orcin.

Care must be taken in determining the laevorotation due to

glycuronates to keep the urine acid, as with an alkaline reaction

these substances are inactive. Small amounts of laevorotation

may be disregarded, as urine normally contains sufficient laevoro-

tatory substances to produce a rotation of one-tenth of a degree.

If any amount of the glycuronic compounds are present, the rota-

tion will be over two-tenths of a degree.

TESTS FOR GLYCURONIC ACID

Inasmuch as the glycuronates give the same reactions as the

pentoses, if the fluid containing them is boiled for a short time

with hydrochloric acid, and especially if Bial's modification of the

orcin test is used, this color reaction becomes of comparatively

slight value in the final identification of the glycuronates. If,

however, pentoses are absent, BiaPs reagent is useful.

Bial*s Test.i—A stock solution composed of 500 c.c, of strong

hydrochloric acid, 1 gram of orcin, and 25 drops of 10 per cent,

ferric chloride, is kept for the test.

^ Die Diagnose der Pentosurie, Deut. med. Woch., 1902, p. 253 ; also Zeit.

f. klin. Med., Bd. xlvii, 1902, p. 489, and Bd. 1, 1903, p. 417.
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Five c.c. of the reagent and 3 c.c. of the urine to be tested are

placed in a tube and warmed over a flame until bubbles begin to

rise, but not boiled. If a green precipitate forms on cooling, which

on further testing by solution in amyl alcohol and examination

with a spectroscope shows characteristic absorption bands, the

presence of pentoses may be assumed. If, however, the urine and

reagent must be boiled for several minutes in order to get the

reaction, the conjugate glycuronic acid compounds which are thus

split up will give the green precipitate and the characteristic

absorption spectrum.

This spectrum is characterized by an absorption band between

the linefj C and D. Only a strong reaction is diagnostic, and there

is reason to believe that it may occasionally be given by other

sugars. 1

Phenylhydrazin Test.—Glycuronic acid or the conjugate glyc-

uronates do not form an osazon by the ordinary methods of heat-

ing for a short time on a water bath. An osazon may, however,

be formed by heating with phenylhydrazin and acetic acid for sev-

eral days in an incubator at 40° C. The osazon so formed crystal-

lizes in bundles of yellowish needles of a melting point of 200° to

205° C. The compound is only slightly soluble in water, but dis-

solves easily in pyridin and shows Isevorotation in this solution.

Its melting point and morphology are so similar to those of the

glucosazon that the formation of this compound is of no interest

from a diagnostic standpoint.

Neuberg's Test.—The identification of glycuronic acid can only

be made with certainty by the method of Neuberg.^ The urine

to be examined is heated in an autoclave for one to two hours

at a temperature of 115° C, with sufficient sulphuric or phosphoric

acid so that the fluid contains from 1 to 2 per cent. After cool-

ing, the mixture is neutrahzed with sodium carbonate and imme-
diately acidulated with acetic acid and filtered. Two hundred and

fifty c.c. of the filtrate are mixed with a hot aqueous solution of

5 grams of para-brom-phenylhydrazin hydrochloride and 6 grams

of sodium acetate. The mixture becomes cloudy after the addi-

tion of the reagent, but on further heating the cloud disappears and

^ See for a criticism of the method, Leersum : Beit. z. chem. Phys, u. Path.,

Bd. V, 1904, p. 510.

2 Chem. Berichte, Bd. xxxii, 1900, p. 2395.
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in five to ten minutes needle-shaped crystals are formed. The
fluid should be allowed to cool and the crystals filtered off. The
filtrate is again heated, and after cooling the second crop of crystals

is removed. This should be repeated four or five times. The
collected crystals are washed with water and absolute alcohol, and
then recrystallized several times from 60 per cent, alcohol in which

they are soluble. The melting point of the para-brom-phenyl-

hydrazin compound is 236° C. Besides the melting point, the

Isevorotation of the osazon when in solution may be used to deter-

mine the presence of glycuronic acid. Two centigrams of the

substance dissolved in a mixture of four parts of pyridin and six of

absolute alcohol give a Isevorotation of 7° in a 10 cm. tube.

ACETONE BODIES

In the urine of diabetics three substances are found in varying

proportions and so closely connected chemically that it is impor-

tant to consider them together. These are

:

CH3- CHOH - CH2- COOH or /?-oxybutyric acid.

CH3- CO - CH2- COOH or diacetic acid.

CH3- CO - CH3 or acetone.

It is now rather generally assumed that the oxybutyric acid is the

fundamental substance from which the others are produced by

progressive oxidation toward the final results of the metabolism

of these bodies, CO2 and H2O. The fats are in all probability the

source of these substances, though the older idea that they are*

derived from the proteids of the body (not those of the foods) has

not been entirely given up.

The reason for this latter assumption is that when the car-

bohydrates are withdrawn from the food of either a diabetic or a

normal person, and the body then becomes dependent upon the

proteids for its sugar, the excretion of acetone immediately in-

creases from the small amount normally found in the urine to a

very considerable quantity. This explanation of the derivation

of the acetone from the proteids has been found to be possible

for normal persons, but diabetics may excrete more acetone than

can be accounted for by the amount of proteid broken down, as

determined from the nitrogenous excretion in the urine. The

ingestion of fats may also cause an increase in the acetone excre-

tion. The fats are presumably the source of the excess, and the
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amount of production of acetone bodies seems to depend upon the

lack of ability of the body to use the carbohydrates.

So long as the body is able to oxidize a sufficient amount of

carbohydrate the acetone remains low, and if the urine of a dia-

betic contains much acetone the amount can be reduced by giving

carbohydrates ; but when the body is no longer capable of oxidizing

the carbohydrates for its own use, then the amount of oxybutyric

acid and acetone begins to increase.

The amount of diacetic and /?-oxybutyric acids formed can be

indirectly estimated by a determination of the ammonia in the

urine, since the oxybutyric and the diacetic acid circulating in

the blood and tissues combine with ammonia and the resulting

compounds are excreted through the urine. The normal ex-

cretion of ammonia is about 0.7 grams. If 2 grams are found in

the urine it is equivalent to about 6 grams of oxybutyric acid, 5

grams to 20 and 8 grams to 40 grams of oxybutyric acid. In dia-

betics the determination of the presence or absence of the three

acetone bodies is of far greater importance, from a point of view

of prognosis, than the determination of the amount of sugar

excreted.

The milder cases of diabetes, while still on a mixed diet, may
show no increase in the amount of acetone excreted and no oxy-

butyric and diacetic acid. If, then, these patients are put on a

diet free from carbohydrate, the amount of acetone will increase

and a trace of diacetic acid make its appearance, but no oxybu-

tyric. This condition may last for a few weeks, and then the

diacetic acid will disappear from the urine and the acetone return

to nearly normal amounts; and this change is quite permanent,

especially if the patient gradually returns to a diet containing a

small quantity of carbohydrate. The prognosis in all such cases

is exceedingly good.

In the severe forms, on the other hand, the urine constantly

contains all three of the acetone bodies and increased ammonia,

and these persist in the urine without being much influenced

either by reduction of the carbohydrates or by their use. These

patients may be excreting large quantities of sugar, or the amount

may be exceedingly small. Such cases are, as a rule, of very bad

prognosis, though the exact time at which death will occur can not

be judged from the amount of the acetone bodies in the urine.

Some patients survive for months, or even years, with very large
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quantities of these substances in the urine; others die within a

few weeks after the increased formation of these bodies begins.

The intermediate cases are those which show a moderate excre-

tion of acetone and the acids, but which may be so influenced by

a reduction of the carbohydrates as to cause these substances to

disappear. It may be necessary to give these patients a moderate

amount of carbohydrate to free the urine entirely from the acid

excretion, but in general it may be as-

sumed that, with treatment, the urine

may be rendered normal so far as the

excretion of the acetone group is con-

cerned. Glucose may persist in larger or

smaller quantities. The prognosis in

these cases depends solely upon the ease

with which the excretion of the acetone

group can be controlled; if this is pos-

sible the prognosis becomes relatively

good.

ACETONE

Acetone may appear in the urine in

other conditions besides diabetes. Thus

it has been observed in those who are

suffering from starvation; i.e., patients

with carcinomata of the stomach or the

oesophagus which cause complete obstruc-

tion. It has been frequently found after

ether or chloroform narcosis ^ and in

many digestive disorders, especially in

children. It is also present for a few

days before and after delivery. In pa-

tients with fever a small amount of ace-

tone is not uncommon, and it is liable

to be especially abundant in the febrile

conditions of children and more often in the exanthemata.

Tests for Acetone.—The urine for these tests should be dis-

tilled, as the other substances which are present interfere with the

Fig. 150.

—

Simple Distilling

Apparatus.

^ For a study of a series of fatal cases of acetonuria following anaesthesia,

see Brackett, Stone, and Low: Bost. Med. and Surg. Jour., vol. eii, 1904, p. 2.
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reactions. The obtaining of a few cubic centimeters of distillate

requires only a short time and the simplest apparatus. The best

way is to use a flask with a tube extending obliquely out from the

neck, a so-called distilling flask; and if, after the urine has been

added, the neck is closed with a stopper and a test tube is fastened

over the end of the side tube with a piece of string or a clamp,

enough distillate will collect in two minutes for all the tests. No
cooling apparatus is necessary.

Legal's Test.—A few drops of a freshly prepared solution of

sodium nitroprusside are added to a small amount of the distiflate,

or even to the urine, and the whole is then rendered alkaline with

sodium hydrate. A red color which changes on the addition of

acetic acid to a carmine and then to a purple-red and finally into

violet shows the presence of acetone. This is not so decisive a test

as the following

:

Lieben's Test.—A little Gram's solution is added to the distil-

late and then some sodium hydrate. If acetone is present in large

quantity there will be an imme-

diate separation of a yellow pre-

cipitate of iodoform. If the

quantity is smaller the iodo-

form is not visible to the naked

eye, but the deposit which col-

lects in a short time at the

bottom of the test tube should

be examined microscopically for

the crystals of iodoform. As a

rule, small quantities may also

be recognized by the odor if the

test tube be warmed. Alcohol

gives the same reaction.

Giinning's Test does not re-

act to alcohol, but it is less convenient, as it requires twenty-four

hours for the precipitate of iodide of nitrogen to disappear. An

alcoholic solution of iodine and some ammonia are added to the

distillate and the mixture set aside until the heavy black pre-

cipitate of the iodide of nitrogen has disappeared and the iodo-

form deposit can be recognized and examined under the micro-

scope. Do not warm the mixture when any iodide of nitrogen is

present in the test tube.

Fig. 151.

—

Iodoform Crystals.

Magnified 500 diameters.
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DIACETIC ACID

The presence of diacetic acid in the urine is usually an evidence

of a grave disorder of metabolism. It appears in the latter stages

of the same diseases which show acetone in the urine—that is, in

malignant diseases of the stomach and intestines, in the exan-

themata, and occasionally in the acute degenerations of the liver,

etc. It usually precedes the appearance of oxybutyric acid as

acetone has preceded it. Diacetic acid is very volatile and dis-

appears from the urine in from twenty-four to forty-eight hours,

so that the tests should only be carric d out on perfectly fresh

urine.

Tests for Diacetic Acid.—1. A considerable quantity of a 10

per cent, solution of ferric chloride is added to a fresh specimen

of the urine. The first few drops of the iron salt produce a con-

siderable yellowish precipitate of ferric phosphate, so that the

addition of the reagent must be continued until all the phosphates

are removed ; then if diacetic acid is present a further addition of

the ferric chloride will produce a deep reddish brown color, the

so-called " Bordeaux red reaction," or as it is also called, Ger-

hardt's reaction. i If the amount of diacetic acid is small the

phosphate precipitate should be filtered off and the filtrate tested

by further addition of ferric chloride. The color due to diacetic

acid remains only for a few hours, as the acid quickly decomposes

into acetone and carbonic acid even at room temperatures, hence

the necessity of using perfectly fresh urine in testing for this

substance. This change takes place much more quickly at high

temperatures, a phenomenon made use of as a means of distin-

guishing between the color due to diacetic acid and that caused

by certain drugs excreted in the urine, most of the drug reactions

not being affected by heating. The substances which give a color

similar to that caused by diacetic acid are the sulphocyanides,

salts of formic and acetic acid, phenol, salicylates, and the products

excreted in the urine after the ingestion of phenacetin, antipyrin,

thallin, kryofin, and kairin. When there is any doubt concerning

the nature of the reaction, 10 c.c. of urine are to be acidulated with

sulphuric acid and shaken up in a test tube with an equal bulk of

ether. The ether is removed by means of a pipette to a clean test

^Gerhardt: Wien. med. Presse, 1865, p. 674.
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tube and again shaken up with a few c.c. of very dilute ferric

chloride. If diacetic acid is present the water assumes a violet

color. If the urine contains salicylic acid a similar color is pro-

duced. It is possible to remove the sahcylic acid by shaking

out with benzol or chloroform before extracting with the ether,

but it is much simpler to use the following test.

2. Arnold ^ has devised a test for diacetic acid which is more
delicate than the Gerhardt, and is not interfered with by any of

the drug reactions. Two solutions are to be kept in stock. One
is a 1 per cent, aqueous solution of para-amido-acetophenon with

2 c.c. of strong hydrochloric acid in each hundred of the mixture;

the other is a 1 per cent, solution of potassium nitrite. Two
parts of the first and one of the second solution are mixed together

in a test tube and an equal bulk of urine added, and finally a drop

of strong ammonium hydrate. A brown color appears even in

normal urines, but if an excess of strong hydrochloric acid be

added, the normal urine changes to a yellow color, while that con-

taining diacetic acid assumes a beautiful purple color and on

shaking shows a violet foam, a point on which Waldvogel^ lays

great stress, as normal urines may occasionally show a red color.

If the urine contains much pigment it should be decolorized by
filtration through animal charcoal. Lipliawsky ^ has modified the

Arnold reaction and increased its delicacy. The same stock solu-

tions are used—that is, 6 c.c. of the first, 3 c.c. of the second, and

9 c.c. of the urine to be tested. A drop of strong ammonia is

added and the whole thoroughly shaken, during which process a

brick red color appears. Ten drops to 2 c.c. of the mixture of

urine and reagent are then removed to another tube and 20 c.c. of

strong hydrochloric acid and 4 drops of ferric chloride solution

are added, together with 3 c.c. of chloroform. The corked test

tube is then slowly tilted from side to side so as not to emulsify

the chloroform. At the end of a minute, if diacetic acid is present,

the chloroform will assume a violet color. In normal urines the

color will be either a yellow or a pale red. Salicylic acid and sim-

ilar drugs do not interfere with the reaction.

1 Wien. klin. Woch., 1899, p. 541; also Cent. f. inn. Med., 1900, Bd. xxi,

p. 417.

2 Die Acetonkorper, Stuttgart, 1903.

3 Deut. med. Woch., 1901, p. 151.

37
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BETA-OXYBUTYRIC ACID

/3-oxybutyric acid is found in the urine with the other mem-
bers of the acetone group most frequently in diabetes. This sub-

stance has also been found in cases of scarlet fever and measles,

in scurvy, and in melancholic patients who have starved them-

selves.

There is no simple reaction for this substance. If the urine

is fermented with yeast and then tested with the polariscope, and

found to show a strong Isevorotation, the presence of the acid is

probable.

Qualitative Tests for /?-oxybutyric Acid.—^A more certain

method is to isolate a derivative of the acid, a-crotonic acid.

After removing the glucose by fermenting the urine it is evap-

orated to a small bulk and then distilled with an equal volume of

concentrated sulphuric acid. The distillate is collected in a test

tube without cooling apparatus. The test tube is then cooled

in ice and the a-crotonic acid will crystallize out and can be

dried and its melting point determined. This should be 70° to

72° C. If no crystals can be obtained the distillate can be shaken

out with ether, and the residue left after the evaporation can be

tested by determining its melting point.

Quantitative Determination of /9-oxybutyric Acid.—As /?-oxy-

butyric acid is laevorotatory its presence may be determined by
examining the filtered urine directly, after the dextrose has been

removed by fermentation; but from a quantitative aspect the

method is quite inaccurate, as the amount of acid usually present

is too small to cause a very considerable rotation. It is necessary

to extract the acid from the urine by means of large quantities of

ether. The most accurate procedure is that of Magnus-Levy.

^

It is, however, too complicated for general use.

Method of Bergell.—A modification of this process has been

published by Bergell ^ which is fairly simple, as well as accurate

enough for clinical purposes. Three hundred c.c. of urine, from

which the glucose need not be removed, are rendered faintly alka-

line with sodium carbonate and evaporated to a sirup on a water

bath. The residue is cooled and mixed first with a few cubic

centimeters of concentrated phosphoric acid and then rubbed up

* Arch. f. exp. Path. u. Pharm., Bd. xlv, 1901, p. 389.

2 Zeit. f. phys. Chemie, Bd. xxxiii, 1901, p. 310.
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with 30 grams of finely powdered copper sulphate, which has been

rendered anhydrous by heating to 200° C, and 25 grams of very

fine sand. The resulting powder is carefully placed in an extrac-

tion thimble of a Soxhlet apparatus and extracted for an hour

with ether which has been dried over anhydrous copper sulphate.

The extracted fluid is filtered and the residue washed with an-

hydrous ether. The extract and washings are evaporated and

the residue dissolved in 20 c.c. of water. The hippuric acid which

separates may be removed by filtration. The color of the fluid

is removed by means of a small amount of animal charcoal and

the amount of Isevorotation determined. The specific rotation of

yS-oxybutyric acid is [ag 24.12. The rotation of one degree with

a tube 20 centimeters in length would therefore correspond to

2 per cent, of the acid. As the acid is rarely present in the urine,

even in very severe cases of diabetic coma, in quantities larger

than 1 per cent., it is evident that slight degrees of Isevorotation

after removal of the dextrose by fermentation, can not be assumed

to indicate the presence of /?-oxybutyric acid, especially if it be

remembered that even normal urine is slightly laevorotatory.

Method of Darmstaedter.—Another procedure for the quanti-

tative determination of /?-oxybutyric acid in the urine has been

recently published by Darmstaedter, ^ which depends upon the

transformation of the acid into a-crotonic acid. One hundred c.c.

of the urine to be tested is rendered slightly alkaline with sodium

carbonate and evaporated to a thick sirup on a water bath. The

residue is washed into a flask holding one liter, by means of 150 to

200 c.c. of sulphuric acid containing 50 to 55 per cent, of pure

H2SO4. The flask is closed with a rubber cork with two perfora-

tions, one of which carries a dropping funnel, the other is connected

with the condenser by means of a curved glass tube. The fluid is

carefully heated at first with a small flame in order to avoid

foaming, and afterwards more strongly. The cock of the dropping

funnel is so adjusted that water is added as fast as it evaporates

from the flask, thus keeping the sulphuric acid at a constant

strength. The fluid is distifled until from 300 to 350 c.c. have

passed over, which requires about two to two and one-half

hours. The distillate is shaken out with ether in a separatory

funnel three times and the ether is distilled off. The residue is

1 Zeit. f . phys. Chemie, Bd. xxxvii, 1903, p. 354.
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heated over a sand bath to 160° C. for a few minutes, in order to

drive off the volatile fatty acids, and after cooling it is dissolved

in 50 c.c. of water, filtered from any insoluble particles and the

residue washed with a little water. The watery solution of the

crotonic acid is now titrated with decinormal sodium hydrate

solution, using phenolphthalein as an indicator. One hundred c.c.

of decinormal sodium hydrate corresponds to.0.86 grams of crotonic

acid. The quantity of crotonic acid multiplied by 1.21 is the

/?-oxybutyric acid. This method of determination of the acid

has not been published a sufficient length of time to permit of

thorough control by means of the Magnus-Levy process, and

furnishes results which vary, in my experience, to a considerable

extent from those furnished by the Bergell method. It is stated,

however, to be more accurate than the latter process.

DIAZO-REACTION OF EHRLICH 1

A large number of substances are found in the urine of healthy

persons which will combine with the so-called diazo bodies and

give rise to highly colored pigments. Among these may be men-

tioned oxyproteic acid. If, however, these diazo bodies are used

with certain reagents and in proper dilution only, no such general

reaction takes place and its appearance is confined to pathological

urines, and also to the urines from a limited number of diseases.

Two solutions are required

:

I. Sulphanilic acid 1

Hydrochloric acid (concentrated) 50

Water 1000

II. Sodium nitrite 1

Water 200

The solutions keep best in dark glass bottles. To obtain the

reagent 50 c.c. of I is mixed with 1 c.c. of II. The mixed fluids

keep for about two days in warm weather, somewhat longer in cold.

Equal quantities of the combined reagents and the urine to be

tested are mixed together in a test tube and one-eighth to one-

tenth of the bulk of ammonia added and the whole thoroughly

shaken. The ammonia should be added quickly, not drop by
drop.

* A very complete monograph on this subject is that by Clemens: Deut.

Arch. f. klin. Med., Bd. Ixiii, 1899, p. 74 (Bibliography).
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Para-amido-acetophenon may be substituted for the sulphanilic

acid and is preferred by some observers, as it gives a somewhat
darker shade of red, thus bringing out faint reactions more clearly

than the substance originally suggested by Ehrlich.

A positive reaction is obtained when the fluid takes on a

deep cherry red color and the supernatant foam shows a bright

salmon pink. In a well-marked reaction the foam may be of

quite a deep red color.
'

On standing twenty-four hours a green precipitate will be

found at the bottom of the test tube which is characteristic of the

true diazo-reaction, but is not constant in all cases, and is not

necessary for a positive reaction. Many drugs, such as naphthahn

and chrysarobin, when taken internally, give a reaction which is

quite similar in appearance to the true diazo-reaction, but can,

as a rule, be distinguished by the fact that the color is more per-

manent in alkaline solutions, does not fade to any extent on the

addition of a strong mineral acid, the foam is more yellow than in

the typhoid reaction, and the green precipitate does not appear

on standing. Still more important, especially in connection with

cases of phthisis, is the fact that the internal administration of

gallic or tannic acid, tannigen, tannalbin, phenol, or salol, or the

opium alkaloids, diminishes the diazo-reaction, or even causes it

to disappear. The same is true of the iodides. Inasmuch as the

tannic acid compounds are frequently administered in phthisis to

influence the diarrhoea so common in such cases, the use of the

diazo-reaction to aid in prognosis should be carefully controlled

by a knowledge of the patient's* medication. Creosote and creo-

sotal also cause a great diminution in the intensity of the reaction

or may even suppress it. Clemens ^ has also shown that the pres-

ence of bile, urobilin, or hydrochinon in the urine, may interfere

with the reaction. In such cases he recommends the removal of

the pigment by the addition of a few drops of lead acetate solution

or a little animal charcoal and then filtering. It is often possible

to obtain a reaction by shaking out the acidified urine with ether

or amyl alcohol, neither of which extracts the diazo-substance.

The intense yellow reaction which we often meet with in the

urine of phthisical patients has been shown by Burghart ^ to be due

1 Deut. Arch. f. klin. Med., Bd. Ixiii, 1899, p. 74.

2 Berl. klin. Woch., 1901, p. 276; also Deut. med. Woch., Vereins-Beilage,

1901, p. 195.
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to phenol which is often present in excess in the urine of the severe

cases and as a rule completely obscures the reaction. The excess

of phenol in such urines can be easily demonstrated by adding

some strong nitric acid to a test tube of the urine and boiling.

After the mixture has cooled bromine water is added, and if a

marked turbidity of the urine is produced an excess of phenol

compounds may be assumed. This excessive production and

excretion of phenol compounds is often observed in severe cases

of phthisis, and often accounts for the frequent absence of the

reaction at that time. Cases, however, of excessive phenol ex-

cretion have been observed in which the diazo-reaction could still

be easil}'' obtained, so that other causes must play some part. One
possibility is that the excretion of the diazo-substance in the urine

takes place irregularly, as has been noted in the normal excretion

curve of other substances, notably urea.

The value of the diazo-reaction lies in the fact that it is present

in the first two weeks of typhoid fever in the urine in from 70 to

80 per cent, of the cases, exceeding in this respect the Widal

reaction. ' It usually reappears in a relapse when the agglutina-

tion test is useless. The intensity of the reaction is, as a rule,

parallel with the intensity of the infection, while the Widal is

often best marked in the lighter cases. The reaction usually

disappears at the end of the third week of the disease. The
clinical value of the diazo-reaction in the diagnosis of typhoid

fever is somewhat weakened by the fact that it occurs in well-

marked form in acute miliary tuberculosis, in pneumonia, and

occasionally in many of the acute exanthemata. During a com-

plicating pneumonia the reaction often disappears from the urine.

The diazo-reaction is found in from 10 to 15 per cent, of persons

with acute lobar pneumonia and acute serous pleurisy. Measles

gives a positive reaction in nearly all the cases, scarlatina in about

one-third. The diazo is absent in rotheln.

The continued presence of the diazo-reaction in persons without

fever points to tuberculosis. In cases of phthisis with a well-

marked diazo-reaction the prognosis is, as a rule, distinctly bad,

so much so that the reaction has been used as a convenient method
to decide upon the advisability of climatic treatment in patients

suffering with advanced phthisis. But as the writer has shown i

^Prognostic Value of the Diazo-Reaction in Pulmonary Tuberculosis,

Medical News, vol. Ixxxii, 1903, p. 631.
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some 10 per cent, of the cases showing a strong diazo on the first

examination are capable of cure by the proper care. A consider-

able per cent, however of patients with a strong positive reaction

die within six months, despite treatment of any sort.

The reaction is often absent in active cases of tuberculosis

when a lesion of the kidney exists. If the nephritis becomes less

acute the diazo may again be found in the urine.

In tuberculous peritonitis, the reaction is often found, which

differentiates this disease from cirrhosis of the liver in which the

reaction is not present. As the reaction is occasionally noted in

the urine of persons suffering from new growths involving the

peritoneum, a differential diagnosis between this condition and

tuberculous peritonitis is not possible from the diazo-reaction

alone.

It will be seen from the foregoing statements that the diazo-

reaction is one of the important sj^mptoms of typhoid fever, but

that its absence does not negative the clinical diagnosis of typhoid

fever, nor does its presence indicate that the patient is necessarily

suffering from that disease. In a suspected relapse the presence

of the reaction is of diagnostic value.

THE URINARY PIGMENTS

In normal urine two pigments are always present : urochrome

and hsematoporphyrin. Two others may be present, especially

after standing : uroerythrin and urobilin. The first mentioned

pigment gives the yellow color to the urine ; the second is red, and

present only in small amounts ; the third gives the pink color to

the urate deposits. Urobilin colors the urine a dark yellow

brown. Under pathological conditions, haemoglobin, methsemo-

globin, and the bile pigments are the chief urinary coloring matters.

Hsematoporphyrin is considered under the head of hsematuria.

Urochrome is the name given to the yellow pigment which

gives the natural amber color to the urine. It can be isolated as a

brown, easily soluble powder which furnishes yellow solutions in

water and alcohol. No definite absorption bands are present

when its solution or normal urine is examined spectroscopically.

It is precipitated by phosphotungstic and phosphomolybdic acids

and by heavy metals. Advantage is taken of this property in

clearing the urine for examination by the polariscope ; lead acetate

is added to the urine, and the insoluble precipitate thus formed is
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filtered off, leaving a perfectly clear, colorless solution. This

pigment is closely related to urobilin and is derived from the bile

coloring matters.

Urobilin, or its antecedent, urobilinogen, is often present in

small quantities in normal urines. If not present in the urine

when freshly passed, it soon appears from the breaking down of

the urobilinogen by the action of the air and light. The latter

substance may also be transformed into urobilin by the action of

acids. It is formed by the reducing action of the intestinal bac-

teria on the bile pigments and is generally considered as identical

with the stercobilin of the faeces. It appears in quantity in the

urine in infectious diseases, in atrophic cirrhosis of the liver,

in lead colic, and in uncompensated heart disease. It is very

abundant in the urine of pernicious anaemia or any disease accom-

panied by marked destruction of the blood or haemorrhage into

any of the organs. Urobilinuria has been seen after the adminis-

tration of antifebrin, antipyrin, after chloroform inhalations, and

the injection of tuberculin. All of these substances are capable of

destroying the red blood corpuscles. In advanced nephritis,

urobilin may be retained in the blood by the impermeability of

the diseased renal epithelium for this substance. It may in ex-

treme cases give a brownish yellow color to the urine and a yellow

tint to the foam, so that bile pigment may be suspected. It often

appears before the bilirubin of an obstructive jaundice can be

obtained from the urine and may alternate with that substance;

that is, the urine may contain large quantities of the bile pigment

for a time and then only urobilin ; later the bilirubin may appear.

This urobilin icterus is most often seen in atrophic cirrhosis of the

liver, and occasionally in pneumonia and carcinoma. The uro-

bilin may be demonstrated in the blood under these condi-

tions.

Tests for Urobilin.— 1. Add to the urine 2 to 5 drops of a

10 per cent, solution of zinc chloride, then enough ammonia to

dissolve the precipitate of zinc oxide. Filter from the precipitate

of urinary phosphates and hold the test tube against a dark back-

ground. If any quantity of urobilin is present a green fluo-

rescence will be seen in the fluid. Schlesinger recommends adding

to the urine an equal bulk of a 1 per cent, alcoholic solution of

zinc acetate and filtering the mixture. The fiuorescence is very

marked, especially if the light be concentrated by a lens.
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2. A better method is to extract 50 c.c. of the urine with 50 c.c.

of pure ether, evaporate the ether, and dissolve the brown residue

in a Httle strong alcohol. The solution will be pale yellow with a

green fluorescence.

3. Ten to 20 c.c. of the suspected urine are acidified with

several drops of HCl and shaken gently with 5 c.c. of amyl alcohol.

The amyl alcohol extracts the pigment and shows a bright green

fluorescence when treated with an alcoholic solution of zinc

chloride and a little ammonia. By transmitted light the amyl

alcohol extract is a faint pink color.

4. Urobilin, when present in large quantities in the urine,

gives the biuret test, and so can be confused with albumin or albu-

mose. As it is also precipitated by phosphotungstic acid with

the albumose, it may invalidate the Hofmeister-Salkowski test for

albumose. To avoid confusion, either test the urine for urobilin

E b

Pettenkofer's
reaction

Hydrobilirubin
or Urobilin
in acid solu-
tion

vHrnhilinihin ^^^^B^
1 '^^B '^'^SHHI^HI

1 Irnhilin ^^^B' ^^^^HEi .i '^'fll^^^^^^^^H
in iillcalinf! ^^^^M .i^^^^B. '. -.^B^^^^^^^l
solution ^^Htt t^^HB. ^^^^^^^^H

Cholecyanin or
Bilicyanin in
acid solution

Cholecyanin or
Bilicyanin in
alkaline solu-
tion

Fig. 152.

—

Absorption Spectra of Pettenkofer's Reaction and of Bile

Pigments.

and use small quantities (10 c.c.) for the albumose test, or, better,

wash the urobilin out of the phosphotungstic precipitate with

alcohol.

5. The most rapid method of testing for urobilin is by exam-
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ining the urine directly by means of a small pocket spectroscope.

If the urine is deeply colored it may be necessary to dilute it

before the absorption spectrum can be seen. The characteristic

band is one between the green and the blue parts of the spectrum,

between the lines 6 and F. All the above solutions can also be

tested, but if zinc chloride and ammonia have been added the

spectrum extends more towards the green, the edge covering the

line h. (See Fig. 152.) The chromogen, urobilinogen, does not

give any absorption bands.

The absorption bands are sharper if a few drops of tincture of

iodine are added to 10 c.c. of the urine.

• Uroerythrin.—This pigment gives the pink color to urate de-

posits. It is present in the urine in extremely small quantities.

It is of no practical interest, its chief characteristics being its

great affinity for uric acid compounds, the ease with which its

solutions are bleached by diffuse daylight, and its color reactions

with the alkalies and acids. If a little of the pink urate precipi-

tate is collected oh a filter, dried, and touched with a drop of

sodium hydrate solution, a bright green coloration is produced.

The spectrum, examined preferably in solution in amyl alcohol,

shows two ill-defined bands. The one nearer the red end of the

spectrum is in the green between D and E, the other about the

same place as the urobilin band.

Melanin.—The pigment derived from the cells of melanotic

tumors occasionally appears in the urine and imparts to that fluid

a dark brown color. The color deepens on exposure to the air or

when an oxidizing agent, such as bromine water or ferric chloride,

is added to the urine.

BILE PIGMENTS

Bilirubin.—Bile pigments appear in the urine as such or in

the form of a soluble combination of bilirubin with alkalies or the

alkaline phosphates. In infants with icterus, however, the bili-

rubin is frequently in the form of crystals or masses, due to a low

phosphate content of the urine. If the urine is allowed to stand

exposed to the air the bilirubin becomes oxidized to the green

biliverdin. Most of the tests for bile pigments in the urine

depend upon this reaction.

The urine contains bilirubin when there is obstruction to the

free outflow of the bile from the liver. The obstruction may
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take place in the smaller biliary capillaries, or in the larger ducts,

or, finally, in the common duct. A jaundice due to alterations

in the blood, a so-called hsematogenous jaundice, is as yet un-

proven. The conditions in which bile may be expected in the

urine are certain of the infectious diseases, in acute yellow-

atrophy, in cirrhosis, especially the hypertrophic form, in acute or

chronic cholangitis, and in the simple catarrhal jaundice associated

with gastro-intestinal symptoms. Among the mechanical causes

for jaundice may be mentioned stone in the common duct, tumors
or tuberculous lymph nodes pressing on the duct, and also tumors

of the pancreas. The bilirubin of the bile is produced by the

breaking down of the haemoglobin of the red cells, and it is usually

considered as identical with the pigment of old blood clots

—

hsematoidin.

Tests for Bilirubin.—One of the simplest means of judging of

the presence of bile in the urine is the presence of a dark yellow

shade in such urine, with a faint green tint when the urine is

viewed by reflected light. The foam of the urine is also a bright

yellow color and is a valuable evidence of the presence of bile,

although rarely a urine may be seen in which a large amount of

urobilin is present giving a brownish yellow color to the foam.

Only chemical or spectroscopic tests will allow of a differentiation

of the two substances under these conditions. The very large

amount of urobihn necessary to produce the yellow foam is

usually present in urines from cases of liver disease, especially

cirrhosis, in which true icterus alternates with this so-called uro-

bilin icterus. When large quantities of bilirubin are excreted,

crystals of this substance can be obtained by shaking out the urine

with chloroform and allowing the latter to evaporate in a por-

celain dish. Rhombic crystals of bilirubin are obtained which

give the color reactions microscopically when nitric acid is allowed

to run in under the cover glass. Chrysophanic acid, which ap-

pears in the urine after the administration of rhubarb or senna,

and also santonin, often give the urine a dark color with a yellow

foam, but the addition of the sodium carbonate used in Hammar-
sten's test gives rise to a pink or purple color and thus distin-

guishes the drug reactions. The color changes obtained by the

addition of acid are yellow and do not show the play of tints

characteristic of bilirubin.

Gmelin's Test for bilirubin is made by carefully layering the
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urine over strong nitric acid which contains a very small quantity

of the fuming acid. Near the point of contact a green ring will be

seen if the urine contain bilirubin. Below the green ring is a

blue, and below that a red one ; only the green ring is character-

istic, the others may come from indoxyl or urobilin. The urine

should be acid or rendered so with acetic acid, as otherwise bubbles

of gas will rise through the fluid and break up the ring. This

will also occur if pure fuming nitric acid is employed, and therefore

the fuming acid should be diluted wijh ordinary strong nitric acid

for use.

Rosenbach*s filtration method i is based upon the fact that if

a large quantity of urine containing bile is filtered through white

filter paper, the bilirubin will be retained in the paper; and if

a drop of nitric acid or 5 per cent, chromic acid be placed on

the paper on its inner surface, a green spot will be produced,

changing to red, or if chromic acid be used, only a green without

any further color change. It is not a very reliable test.

Smith-Rosin Test.-—A mixture of alcohol and either Gram's

solution or tincture of iodine, in such proportions that the mixture

will be of a strong yellow color, is layered over the suspected

urine. If bilirubin is present a green ring will be formed at

the point of contact, from the alteration of the bilirubin. This

test is one of the best for clinical purposes, but is not very sen-

sitive, indicating 1 milligram in 10 c.c. or one part in ten thousand.

Antipyrin may also give a green ring.

Hammarsten*s Method."^—The reagent consists of a mixture

of one volume of nitric and nineteen volumes of hydrochloric acid,

each of a strength of about 25 per cent. This will keep for about

a year. When one volume of the acid is mixed with four volumes

of alcohol and a drop or so of bilirubin solution or urine is added

to a few cubic centimeters of the reagent, the whole takes on a

beautiful green color. If more acid be added gradually, the mix-

ture changes through the whole scale of the Gmelin's reaction

from a progressive oxidation of the bilirubin through the stages

of green, which is biliverdin, blue, which is bilicyanin, to finally

a red pigment, bihpurpurin, which changes to a yellow choletelin.

This method of Hammarsten is useful in testing urine containing

1 Cent. f. d. med. Wissen., 1876, p. 5.

^ Smith: Dub. Med. Journal, 1876; Rosin: Berl. klin. Woch., 1893, p. 106.

3 Abstract in Jahrb. f. Thier-Chemie, 1898, p. 310.
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large quantities of urobilin and indoxyl, which ordinarily interfere

with the color reactions, and also for very small quantities of

bilirubin. In order to isolate the bile pigment, the urine, which
should be rendered slightly alkaline with sodium carbonate, is

precipitated with a small amount of barium, or better, calcium

chloride, and the mixture centrifuged and the supernatant fluid

poured off. A few cubic centimeters of the reagent are then

poured over the precipitate and the whole again centrifuged. The
fluid above the precipitate will be either green or bluish, and by a

gradual addition of the reagent can be carried through all the

stages of the Gmelin scale. The green color may be obtained

when the urine contains not more than one part of bilirubin to

500,000 of the urine. If the amount of bile pigment be very

small the fluid should be neutral and the proportions of the acids

one to ninety-nine instead of one to nineteen. Or instead, one

may use the same acid and dilute it with nine instead of four

parts of alcohol. The supernatant fluid which is obtained after

centrifuging can be used for the indoxyl test, as the presence of

a large amount of bile often interferes with the direct examina-

tion of the untreated urine.

Jolles' Method.—JoUes i has modified his original method for

the detection of bile pigment in the urine and recommends the

following as an exceedingly delicate reaction, demonstrating less

than one-tenth of a milligram of bilirubin. About 10 c.c. of the

urine are mixed in a centrifuge tube with 3 c.c. of chloroform and

1 c.c. of a 10 per cent, barium chloride solution, and thoroughly

shaken. The contents of the tube are then centrifuged and the

fluid which remains above the chloroform and the precipitate

poured off. The centrifuge tube is then filled with distilled water

and the contents again centrifuged. Dark-colored urines may
require a second or third treatment with distilled water. The

chloroform and precipitated residue is then mixed with 5 c.c. of

alcohol, thoroughly shaken, and two or three drops of an iodine

solution added, and the whole filtered into a test tube. The

iodine solution is made by dissolving 0.63 of a gram of iodine, and

0.75 of a gram of mercuric chloride, each in a separate 125 c.c.

of alcohol. The two alcoholic solutions are combined and

250 c.c. of concentrated hydrochloric acid are added. The solution

1 Deut. Archiv. f. klin. Medicin, Bd. Ixxviii, 1903, p. 137.
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should be kept in a brown bottle, and is quite permanent. If bile

pigment be present in the slightest traces in the urine, a char-

acteristic green color is produced in the fluid after the addition of

the iodine solution and, if necessary, standing a few minutes. The

reaction can be hastened by slight warming on the water bath. In

highly concentrated urines the test can be modified as follows:

The residue which has been mixed with 5 c.c. of alcohol is poured

from the centrifuge tube into a test tube, a couple of drops of the

iodine solution are added, and the whole warmed for two or three

minutes to about 70° C. on a water bath, and then filtered. The

slightest traces of bile pigment are detected by the greenish or

greenish-blue color of the filtrate. The reaction is not interfered

with by either indoxyl, haemoglobin, or methsemoglobin.

Bilicyanin (Cholecyanin)

.

—The blue color produced by the

action of oxidizing agents on bilirubin is bilicyanin, which is of

interest because its absorption spectrum is characteristic and

affords another means of identifying the bile pigments. In acid

solutions, such as are obtained by Hammarsten's test, two bands

are visible between C and E, separated from each other by a

narrow space about corresponding to D. Alkaline bilicyanin can

be demonstrated by Stokvis' ^ test for bile pigment. The urine is

precipitated with zinc acetate, and the precipitated zinc biliru-

binate collected on a filter and washed with water. It is then

dissolved in a small quantity of ammonia. The solution becomes

brown from oxidation by the oxygen of the air and gives the

cholecyanin spectrum in an alkaline solution. This consists of

one sharp band between C and D, a faint band covering D and a

very faint shadow between D and E. (See Fig. 152.) This test is

not very sensitive and has not come into general use for clinical

purposes.

H>EMATURIA AND H^EMOGLOBINURIA

If the urine contains blood in small quantities the color of the

fluid is not in any way altered ; larger quantities cause more or less

of a cloud to appear in the urine and a reddish sediment to collect

at the bottom if the haemorrhage be recent. If, however, the

blood has remained for any length of time in the bladder, and

especially if ammoniacal fermentation has taken place, the urine

1 Cent. f. d. med. Wissen., 1872, p. 785.
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becomes more or less of a dirty brownish red, or even dark brown
with a shade of green. The source of the bleeding may be any-

where along the genito-urinary tract, but certain differences

which become of clinical value may be observed in blood from
different regions.

a. The blood in haemorrhages from the kidney is thoroughly

mixed with the urine, which remains acid unless there is also a

pyelitis or cystitis. There are never any large clots in the sedi-

ment, but only casts of the kidney tubules, either composed
entirely of blood corpuscles or of fibrin. As long-continued

haemorrhages from the kidney are usually connected with an acute

nephritis, one would also expect casts and epithelium character-

istic of such a condition. In haemorrhages from the pelvis of the

kidney, casts are often formed which more or less reproduce the

shape of the pelvis. The bleeding from this site is due either to

sharp stones, to small varicose vessels in the pelvis, or to inflam-

mation. In the latter condition the urine will also contain pus.

h. Blood from the ureters, if the amount is considerable, is

often passed in the form of cylindrical clots exactly reproducing

the lumen. If the quantity is small no such diagnostic point exists,

but the site of the bleeding may be determined by the cystoscope.

Calculi and new growths are the most frequent causes of haemor-

rhage.

c. Haemorrhage from the bladder may be due to varicosities of

the prostatic portion, to tumors, to stones, to tuberculous or

other inflammation, or to parasites. A differential diagnosis can

often be made by the examination of the urine. Small fragments

of tumor tissue can sometimes be found in the sediment, which

are not too necrotic to permit of a section being made and the

morphology determined. The embryos of Filaria sanguinis or

the eggs of Distomum haematobium can be easily identified.

Tubercle bacilli should also be looked for, taking care not to be

misled into a positive diagnosis by the almost constant presence

of the smegma bacillus. The site of the lesion can best be deter-

mined by the cystoscope.

d. Haemorrhage from the prostatic or penile urethra can best

be localized by the use of two glasses into which the patient passes

the urine. If the blood comes from the prostatic portion it will

appear only at the end of micturition and not mixed with the first

portions of the urine ; the reverse is true of blood from the penile
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portion, which appears in the first glass and is washed out from

the urethra, the last portions being clear.

e. Blood is usually present in the urine during menstruation,

but it is important to remember that the blood may also be derived

from a myomatous or carcinomatous uterus.

HEMOGLOBINURIA

In hsemoglobinuria the urine contains- either haemoglobin, met-

hsemoglobin, or, very rarely, crystals of hsematoidin. Red blood

corpuscles are either entirely absent or in very small numbers.

The urine is diminished in quantity, of a dark red color, and shows

a dark red or black, finely granular sediment on standing. It

may contain only traces of albumin.

Hsemoglobinuria or methsemoglobinuria is seen in tropical

malaria, scarlatina, typhus, and syphilis. The phenomenon fol-

lows poisoning by the chlorates, naphthol, nitrobenzol, pyrogallic

acid, sulphonal, antipyrin, phenacetin, or arseniuretted hydrogen

—in fact, by any one of the substances which act destructively on

the blood corpuscles. It has been seen after the eating of fresh

mushrooms.

Hsemoglobinuria is also seen after the action of extreme heat

or cold, and especially in that peculiar condition called paroxysmal

hsemoglobinuria where overexertion or a slight chilling of the

body is capable of inciting an attack. It has been shown experi-

mentally that the hsemoglobin or the methsemoglobin can be

detected in the circulation before its excretion by the kidneys ; in

fact, if only a small quantity is set free it may not appear in the

urine, but is destroyed by the liver, spleen, and bone marrow.

A few cases of cyanosis with methsemoglobinsemia have to be

described, occurring in persons without such lesions of the heart or

lungs as usually accompany this condition. The cyanosis appears

to be due to the formation of methsemoglobin in the blood by the

action of toxic agents. The spectrum of the methsemoglobin" in

alkaline solution can occasionally be demonstrated in the blood

of such cases by viewing the skin of the hand through a spectro-

scope, the surface being intensely illuminated either by sun or

electric light. Stokvis ^ describes a case which he considers due to

a seA''ere intestinal disorder. The urine of this case had the power

^ Stokvis : Zur Casuistik d. autotoxischen Cyanosen. Festschrift v. Leyden,

Bd. i, 1902, p. 597 (Literature).
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of converting haemoglobin to methsemoglobin in a very short time
and contained considerable quantities of indol and skatol com-
pounds. In Talma's ^ cases also the urine contained large quan-
tities of indol and skatol. The methsemoglobin was confined to

the red cells and not diffused through the serum, as could be shown
by allowing the blood to clot in a cool place and examining the

separated perum with the spectroscope.

Tests for Blood in the Urine.—^Microscopic.—The simplest

method of determining the presence of blood in the urine is to ex-

amine the sediment microscopically, which is obtained preferably

by the centrifuge, as the red corpuscles are altered by prolonged

action of the urine. The red corpuscles may be recognized as

small circular disks, which are more regular in form than any
other morphological element found in the urine, though rarely

small spheres of calcium oxalate may closely imitate the appear-

ance of the red cell. If the urine has stood any length of time the

corpuscles may be swollen and difficult to identify, or they may
have shrunken and become crenated. In alkaline urine it may be

difficult to find anything but faint shadows of the red cells, all the

coloring matter having been dissolved out. In such case it is

necessary to have recourse to other tests. In haemorrhage from

the kidney parenchyma, the blood may be found in the form of

cylindrical casts of the tubules.

Guaiacum Test.—Shake up in a test tube equal volumes of a

fresh X per cent, alcoholic tincture of guaiacum and of turpentine

which has become oxidized by long exposure to the air and light.

The urine to be tested is layered under this mixture. If blood or

blood pigments are present there is formed at the point of contact

first a bluish-green and then a brilliant blue contact ring. Normal

or albuminous urine does not give this reaction, but it is given by

urine containing pus ; but the color produced by pus disappears on

boiling the mixture, while that caused by blood does not. Alka-

line urine is first to be made acid before testing. In case of doubt

the urine should be shaken out with ether after acidulating with

acetic acid. For details see pages 16 and 329.

Heller's Test.—Heat the urine to boiling and add some sodium

hydrate solution, and then heat again for a short time. If blood

be present the phosphate precipitate brought down by the heat

1 Talma: Intraglobular Methaemoglobinaemia. Berl. klin. Woch., 1902,

p. 865.
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and alkali will be colored red by the precipitated hsematin, the

haemoglobin being broken up by the action of the heat into a coagu-

lated histon and hsematin. If the i*eaction of the urine be alkaline

to begin with, the phosphates will probably be already precipi-

tated, so that it is necessary to add an equal bulk of normal acid

urine, which will supply the needed phosphates. The precipitate

may be collected on a filter, the phosphates dissolved by a little

acetic acid, and the remainder, which consists of hsematin, tested

by Teichmann's test for hsemin crystals, or dissolved in alcohol

acidulated with sulphuric acid and examined with a spectroscope

for the bands of hsematin.

Spectroscopic Test.—This is the most rapid and the most satis-

factory method for the detection of blood in the urine. The urine

is placed in a test tube or small trough with plate-glass sides and

examined with a small direct-vision spectroscope. It is well to

pour some water on the surface of the urine, but not to mix the

two, and thus obtain a mixture of graduated intensity from the

pure water on the top to the pure urine at the bottom. At some

point the absorption bands will show, if the urine contain blood.

The spectrum may show the two bands of oxyhsemoglobin, the

single band of reduced hsemoglobin, or the four-banded spectrum

of methsemoglobin. The latter is to be recognized in the presence

of the other two by its dark band in the red between C and D, if

the reaction of the urine be acid.

Very rarely the urine may show the spectra of hsematin. In

the untreated urine the spectrum can scarcely be distinguished

from that of methsemoglobin ; but if the urine be rendered strongly

alkaline by means of ammonium hydrate the band in the red cor-

responding to C will shift to a diffuse band to the left of D, and

then, if ammonium sulphide be added, the spectrum of reduced

hsematin or hsemochromogen slowly appears with two bands

between D and E like oxyhsemoglobin, only a little nearer the

green. (See Fig. 2, p. 13.)

The delicacy of the spectroscopic detection of blood in urine,

as well as in other fluids, is much increased by the use of a method
suggested by Donogany,i which depends upon the formation of

hsemochromogen. In urine the process is as follows: To 10 c.c.

of urine add 1 c.c. of ammonium sulphide and 1 c.c. of pyridin.

1 Virchow's Archiv, Bd. cxlviii, 1897, p. 234.
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If the urine contain blood the fluid assumes a more or less intense

orange red color. This may be only visible, when the blood is in

small quantity, on looking through the test tube lengthwise so as

to obtain a thicker layer of fluid. If the urine is deeply colored

with other pigments the spectroscope must be used to verify the

result. The spectrum of hsemochromogen consists of two bands

in the yellow green between D and E, but nearer to E than the

second line of the oxyhaemoglobin spectrum. The advantage of

the method depends upon the much greater visibihty of the re-

duced haematin spectrum over that of hsematin or haemoglobin,

as it will show one part of blood to eight thousand of urine ; while

the oxyhaemoglobin spectrum is rarely visible unless more than

one part of blood in two thousand is present. In testing stomach

contents or faeces the blood pigment should be dissolved out by
20 per cent, sodium hydrate, the pyridin added, and if necessary

some ammonium sulphide. It is well to filter the mixture in

order to see the orange-red color. The reaction can be used

microscopically by allowing a drop of the suspected fluid, which

has been mixed with an equal quantity of pyridin and 20 per cent,

sodium hydrate to dry on a slide. After several hours brownish

haemochromogen crystals will separate out in the form of radiating

needles.

HiEMATOPORPHYRINURIA

Haematoporphyrin is an iron free derivative of haemoglobin and

is present in traces in normal urine. It is occasionally found in

the urine in cases of paroxysmal haemoglobinuria,^ and in some

diseases, such as rheumatism, phthisis, Addison's disease, exoph-

thalmic goitre, cirrhosis of the liver, and lead-poisoning, but not

constantly. The pigment is also occasionally seen after internal

haemorrhages.

In chronic poisoning, from the long-continued use of sulphonal

and trional, the presence of haematoporphyrin is quite frequent

and of diagnostic value. It has also been obtained from the blood

in a fatal case.^ The pigment can not usually be detected in the

urine by the spectroscope. To isolate it from the urine, 50 c.c.

1 Pal: Cent. f. inner. Med., 1903, p. 601.

2 Taylor and Sailer: Contributions from the Pepper Laboratory, Phila-

delphia, 1900, p. 120.
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are precipitated with a mixture of a 10 per cent, solution of barium

chloride which has been saturated with barium hydrate. The

precipitate is washed first with water and then with a little strong

alcohol. The damp mass is then scraped off the filter paper and

shaken up with 1 c.c. of hydrochloric acid and about 10 c.c. of

strong alcohol. Filter off the alcoholic extract through a dry

filter paper and examine it with a spectroscope. If hsemato-

porphyrin be present the two bands in the spectrum at D and

near E can be seen; if now the mixture be rendered alkaline

with ammonia, the four absorption bands of alkaline hsemato-

porphyrin will become visible.

Another method which is applicable to urines containing a con-

siderable amount of phosphates is to precipitate these salts by

adding 20 c.c. of 10 per cent, sodium hydrate to 100 c.c. of urine.

The precipitate is ,freed from an excess of water by pressing be-

tween layers of filter paper and then shaking up in a test tube

with a mixture of 1 c.c. concentrated HCl and 10 c.c. of alcohol,

and the extract examined for the two-banded spectrum.

In those cases in which the spectrum of the pigment can be

made out directly in the urine without preliminary treatment,

the spectrum seen, as a rule, is the four-banded alkaline one, even

though the urine be normally acid in reaction ; but rarely a two-

banded spectrum is seen, which on the addition of a little acid

alters slightly, the bands moving slightly apart, or finally changes

to the acid hsematoporphyrin spectrum. (See Fig. 4, page 16.)

This two-banded spectrum is frequently seen when examining the

pigment carried down by the urates.

CHOLESTERIN

This substance is a monatomic alcohol normally present in the

nerve tissues, bile, etc. It does not appear in the urine in health,

but occasionally is found where there is an extensive fatty degen-

eration of the kidney, during the course of a nephritis, or after

the rupture of old abscesses into some portion of the genito-urinary

tract, and finally, in cases of chyluria. The crystals are colorless,

rhombic, flat plates, usually with a notch at the acute angle.

(See Fig. 103, p. 361.)

The tests for cholesterin are given on page 338.
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BILE ACIDS

The bile acids which appear in human urine are taurocholic

and glycochohc acids. They exist as sodium salts in the urine.

They appear in traces in the urine in biliary obstruction with

jaundice ; but, as a rule, their excretion is in much smaller quantity

than would be expected from the amount produced by the liver.

For example, in extreme icterus only 3 to 4 centigrams of bile

acids have been obtained when 8 to 12 grams were produced in

the liver in twenty-four hours. It is possible, however, that in

severe icterus due to acute atrophy of the liver substance the

production of bile acids is diminished, and the small quantities

which appear in the urine under these conditions are thus ex-

plained.

The older writers separated jaundice into two types, hepa-

togenous and haimatogenous, and stated that the bile acids were

present in the urine only in the hepatogenous icterus. Recent

investigations of the pathology of icterus have shown that this

condition is practically always due to anatomical changes in the

liver and is therefore in all cases hepatogenous, so that the fact

that bile acids are found in only about 25 per cent, of the cases of

jaundice can not be explained on this basis.

A simple and reliable test for bile acids does not exist. Hay's

test is dependent upon the reduction of surface tension of the

urine due to the presence of bile acids. This physical alteration in

the properties of the urine may be shown by dusting flour of

sulphur over the surface of the specimen of urine. If the sul-

phur sank, the author claimed that bile acids were present ; if the

sulphur floated, that the urine was free from these bodies. The

test, however, is not rehable.

Pettenkofer*s Test.—As it is impossible to recognize bile acids

in the urine by any tests which can be applied directly, it is neces-

sary to isolate these acids from a considerable quantity of the

urine, and the following method is the best: Two hundred c.c. of

urine are freed from albumin by acidulation and boiling, and then

precipitated with lead subacetate and a small quantity of ammonia.

The bile acids combine with the lead to form a lead salt and the

precipitate which forms contains them, though contaminated

with a large number of other substances. This precipitate is

washed with water on a filter, and after drying is extracted several
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times with boiling absolute alcohol and the alcohol filtered off

while still hot. The alcohoHc solution of the taurocholate and the

glycocholate of lead thus obtained is evaporated to dryness with a

few drops of sodium carbonate solution. The residue is again

extracted with hot absolute alcohol, and the resulting solution is

concentrated to a small bulk. A large quantity of ether is then

poured over the alcoholic residue, by which means the bile acids

are precipitated, as they are not soluble in ether. The crystals

are collected on a filter and dissolved in water. A few c.c. of the

aqueous solution of the crystals are mixed with several drops of a

10 per cent, solution of cane sugar and with a little concentrated

sulphuric acid. The optimum temperature for the reaction is

about 70° C, and if the bile acids are present, a red color is first

produced and then a beautiful violet. The violet solution should

be diluted with water and examined spectroscopically. A band

between D and E and a second band to the red side of F is given by

the bile acids. (See Fig. 152, page 561.)

Instead of cane sugar, a one to one thousand solution of fur-

furol may be used. After the addition of sulphuric acid a bright

cherry red color is produced if cholic acid be present.

The same method as given above furnishes approximately

quantitative results when carried out on a large amount of urine.

The resulting alcoholic solution is decolorized with animal char-

coal and examined in a polariscope. The specific rotation of

glycocholate and taurocholate of soda in alcohol is +25.7 and

+ 24.5, respectively.

SUCCINIC ACID

This substance is a constituent of normal urine, and is probably

derived entirely from the food. An increased amount has been

noticed after the drinking of large quantities of wines which con-

tain traces of this substance, and also after the eating of asparagus.

Its presence in the urine is of no importance from a clinical point

of view.

OXALURIC ACID

This substance is present in traces in normal urine as am-
monium oxalurate. This acid is derived from the oxidation of

uric acid in the body. No points of cHnical interest are connected

with its presence in the urine.
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LACTIC ACID

In normal urines lactic acid is not present. The inactive

lactic acid is occasionally found in diabetic urine as a result of

fermentation of the sugars present. The dextrorotatory lactic

acid derived from muscle is found in the urine in acute phosphorus

and carbon monoxide poisoning, in acute yellow atrophy of the

liver, occasionally in cirrhosis or other severe hepatic lesions, and
recently in the urine of persons suffering from epilepsy, but only

after an attack. Prolonged and severe bodily exertion may also

cause lactic acid to appear in the urine.

i

Tests.—The urine is evaporated on a water bath and the resi-

due is rapidly extracted with warm 95 per cent, alcohol. The
alcohol is evaporated and the residue strongly acidulated with

phosphoric acid and extracted with ether. The residue remaining

after the distillation of the ether is neutralized with barium

hydroxide. The solution is filtered, concentrated to a small

volume, and the barium salt precipitated by alcohol. The barium

lactate is collected, washed with absolute alcohol, dried, digested

with phosphoric acid, and again shaken out in ether. The lactic

acid which remains after evaporation of the ether is treated with

zinc carbonate, and the filtrate from the excess of zinc is set aside

and allowed to evaporate spontaneously. The crystals of zinc

lactate are small, blunt prisms, which are soluble in water and

alcohol and are Isevorotatory. They contain 12.9 per cent, of

water crystallization, which escapes at a temperature of 105° C.

Some of the crystals should be washed with a small amount of

absolute alcohol, and then carefully dried at room temperatures.

A weighed amount is then heated for about three hours at a

temperature of 105° C, when the salt should lose 12.9 per cent,

of its weight.

These reactions are usually sufficient to characterize the salt.

FAT IN THE URINE

Small amounts of fat may appear in the urine in the form of

globules in a variety of conditions. Among these are fractures of

the long bones with the formation of fat emboli, eclampsia, dia-

betes, pulmonary tuberculosis, phosphorus poisoning, nephritis,

^Inouye u. Saiki: Zeit. f. phys. Chemie, Bd. xxxvii, 1903, p. 203; Colasanti

u. MoscatelU: Arch. f. exp. Path. u. Pharm., Bd. xxvii, p. 158.
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and chronic gastritis. Moderate quantities of fat in droplet form

may be found in the urine after large doses of cod liver oil. Fat

is also found in the urine in a finely divided form, derived from

one of the lymphatic vessels in the bladder walls becoming filled

with the embryos or mature worms of the Filaria sanguinis and

rupturing, thus allowing the escape of the chyle from the vessel

into the urine. The fat in this condition is in such small drops

as to be with difficulty demonstrated under the microscope. At

times this condition of chyluria appears in those who are not in-

fected with the Filaria and in whom no definite reason can be

found for the presence of the fat. The presence of Bilharzia em-

bryos may also incite chyluria.

Care should be taken not to be misled in the microscopical

examination of the urine by particles of fat derived from the

lubricant of a catheter or fatty material left in the vagina after

an examination and washed into the specimen by the stream of

urine, and also to remember that hysterical persons and malinger-

ers occasionally pour milk into the urine for purposes of deception.

The presence of lactose in the urine will furnish a clue to the

source of the chyluria.

The presence of fat may be determined by shaking the urine

with ether after having rendered it strongly alkaline. If the fluid

contains fat it will clear considerably, but a shght opalescence

always remains, due possibly to cellular debris not dissolved by
alkali. The urine may be mixed with osmic acid or Sudan III,

and the black or red fat globules studied microscopically.

THE VOLATILE FATTY ACIDS IN THE URINE ^

Traces of volatile fatty acids are present in all normal urines.

They are formed, in all probability, in the intestinal tract by
bacterial action on the food, and after absorption undergo oxida-

tion in the body. A small portion, however, escapes in the urine.

These acids are usually increased in febrile conditions, though ex-

ceptions may be observed, as, for example, low values, that is,

from 30 to 50 equivalents of -^/lo acid, are to be seen in scarlatina,

erysipelas, diphtheria, and pneumonia before the crisis. On the

other hand, in all septic conditions where there is breaking down
of tissues with resorption of the products of bacterial activity,

» F. Rosenfeld : Deut. med. Woch., 1903, p. 224.
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the volatile acids are increased; especially is this the case in

purulent or bloody exudates and in suppurative processes in the

lung. After the beginning of convalescence in pneumonia, large

quantities of acids are excreted owing to the resorption of the

pneumonic exudate. Values as high as 240 c.c. of ^/,o acid

may be observed. High values are seen in cases of gastrectasia

and ulcer of the stomach, where the secretion of hydrochloric

acid is high or normal. When there is a subnormal secretion of

acid in the stomach the fatty acids in the urine are low. The
clinical value of the determination of the fatty acids is so slight

that the technique may be omitted.

FERMENTS IN URINE

Pepsin.—The fact that traces of pepsin are present in the

urine has been known for many years, but the phenomenon has no

diagnostic value. The demonstration of the ferment may be made
by adding dilute hydrochloric acid and a few fragments of fibrin to

a specimen of urine and keeping the mixture at incubator tempera-

ture for a few hours.

The presence of pepsin in the urine has given rise to some of

the unwarranted conclusions which have been drawn concerning

the frequent occurrence of peptone in urine in which albumose is

present, the error being due to the fact that the latter substance

is altered into peptone after the urine is passed.

Lipase.—This ferment is not present in normal urine, but in

several cases of hsemorrhagic pancreatitis with fat necrosis, it has

been possible to demonstrate the presence of a fat-splitting fer-

ment.^ As yet the test has not been carried out on a sufficient

number of cases to warrant the drawing of diagnostic conclusions

from a positive result. The technique is as follows: ^

The urine is divided into two portions and neutralized with

sodium hydroxide. One specimen is boiled to destroy the ferment

which may be present. To each specimen a few drops of ethyl

butyrate and a small quantity of toluol are added. Both spec-

imens of urine are then kept at 37° C. for an hour. If a fat-

splitting ferment is present the ethyl butyrate will be split with the

^Opie: Diseases of the Pancreas, Phila., 1903; also Johns Hopkins Hosp.

Bull., vol. xviii, 1902, p. 117; Hewlett: Jour. Med. Research, vol. xi (N. S.,

vol. vi), 1904, p. 377.

^ Kastle and Loevenhart: Amer. Chemical Jour., 1900, vol. xxiv, p. 491.
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setting free of butyric acid and the production of a well-marked

acid reaction in the solution. The boiled specimen, which is used

as a control, will remain approximately neutral. The amount of

ethyl butyrate split up may be estimated by shaking out the spec-

imen with neutral ether and titrating with ^/,o sodium hydrate

after evaporation and solution of the residue in distilled water.

DRUG REACTIONS

In the examination of the urine it is often important to be

able to determine the presence or absence of certain drugs ad-

ministered as medicine or taken as poisons. Facts of importance

ma}^ often be ascertained as to the absorption of drugs by suit-

able tests, as for example in iodoform or carbolic acid poisoning

due to absorption from dressings.

Acetanilid (Antifebrin).—This substance appears in the urine partially

as an ethereal sulphate, partly in conjugation with glycuronic acid. The

urine is Isevorotatory, often reduces Fehling's, and may contain con-

siderable quantities of urobilin. Occasionally the urine assumes a dark

green color. Acetanilid gives the indophenol reaction, as follows

:

Ten c.c. of urine are boiled with 2 c.c. of concentrated hydrochloric

acid. After cooling, several cubic centimeters of 3 per cent, aqueous

carbolic acid are added and a little chromic acid or 1 per cent, calcium

hypochlorate solution. If acetanilid be present, the fluid becomes red,

and if rendered alkaline with ammonia, a strong blue color is developed.

Phenacetin gives the same reaction, but may be distinguished by the fol-

lowing test : Add to the urine two drops of a 1 per cent, sodium nitrite

solution, a few drops of sodium hydrate, and a little alkaline solution of

a-naphthol. If phenacetin be present, a red color will appear which

changes on the addition of hydrochloric acid to a violet.

Dark-colored urines should be concentrated by evaporation, boiled

for a few minutes with hydrochloric acid, and, after cooling, shaken out

with ether. The residue should be dissolved in water and the test carried

out in aqueous solution.

Antipyrin.—This substance is excreted partly as such in the urine,

partly as oxyantipyrin glycuronic acid. According to Penzoldt, urine

containing considerable quantities of antipyrin may show a deep red

color and be dichroic, the solution being red by transmitted light, and
green by reflected light. Occasionally albuminuria, glycosuria, and
hsematuria have been noted, the latter being due to the haemolytic action

of the drug on the blood.

Tests.—1. The addition of a couple of drops of ferric chloride produces

a dark red color, which does not disappear on boiling the solution. This

distinguishes the substance from diacetic acid. Dark-colored urines
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should be rendered alkaline with ammonia and shaken out with chloroform

and the residue obtained after evaporation of the chloroform tested with
ferric chloride.

2. The urine is boiled with hydrochloric acid and after being neutral-

ized with sodium hydrate is distilled, when antipyrin can be detected

in the distillate by the greenish color which is produced by the addition

of sodium nitrite and acetic acid. A green ring is given by urine con-

taining antipyrin with the Smith-Rosin bile test. Antipyrin also gives

the alkaloid reactions and a precipitate with picric acid.

Aristol (dithymoldiiodid).—Iodine can be detected in urine. (See

also under thymol.)

Asaprol.—This substance gives a blue color with ferric chloride.

Atropine is excreted as such in the urine. The tests are

:

1. A few drops of the urine are placed in the conjunctival sac of a

cat's or rabbit's eye, and cause permanent dilatation of the pupil.

2. The residue obtained by evaporating the urine on a water bath

after the addition of a couple of drops of strong nitric acid, gives a violet

changing to a red color when mixed with some alcoholic potash.

Betel.—Salicylic acid can be demonstrated by the addition of ferric

chloride.

Bromine.—Bromine or a bromide can be detected by adding a little

fresh chlorine water to the urine and shaking out with chloroform. The
latter will be colored yellow. The reaction is difficult to obtain if only

traces of bromine are present, in which case it is better to employ another

method ^ which furnishes much more accurate and definite results, but

is somewhat complicated.

Ten to twenty c.c. of urine are rendered alkaline with sodium carbonate

and evaporated to dryness in a platinum crucible, and then strongly

heated to char the residue. The blackened mass is extracted with a

few c.c. of distilled water, acidulated with hydrochloric acid, some chlorine

water is added, and the mixture shaken out with carbon bisulphide. If

bromine is present a yellow color will be produced in the bisulphide. If

both iodine and bromine are present, the blue of the iodine masks the

yellow color. If iodine is present only in traces, it is possible to demon-

strate the bromine by adding more chlorine water and shaking, but this

often fails. It is possible in this dilemma to use petroleum benzine to

separate the two substances.^ If about 1 c.c. of this substance be added

to the test tube containing the bisulphide extract which has been de-

colorized by adding chlorine water, the iodine will be extracted in the

benzine and float on the surface of the fluid as a faint pink layer.

Brucine is excreted unchanged in the urine. The evaporated residue

gives a blood red color with concentrated nitric acid, and the same with

concentrated sulphuric acid plus potassium nitrate.

^Salkowski: Zeit. f. phys. Chemie, Bd. xxxviii, 1903, p. 157.

2 Cathcart : Zeit. f . phys. Chemie, Bd. xxxviii, 1903, p. 165.
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Chloral hydrate appears in the urine almost wholly in the form of

urochloralic acid, which is a glycuronic acid compound. The urine may
reduce Fehling's after prolonged boiling, but does not always do so. It

does not reduce Nylander's solution. Urochloralic acid can be sepa-

rated by the addition of lead subacetate and decomposition of the pre-

cipitate by hydrogen sulphate. The presence of the glycuronic acid

component can then be determined by tests for that substance.

Chloroform is almost wholly decomposed in the body, and according

to Vitali ^ is not excreted as chloroform in the urine after narcosis, but

such urine may occasionally contain bile pigment, albumin, casts, and

blood, and also sugar. Chloroform reduces Fehling's solution.

Chrysarobin.—This substance is chiefly excreted as chrysophanic acid,

for the test for which see Rhubarb.

Codeine in large doses gives a red color with Obermayer's reagent.

Cacodylic Acid (CH3)2As02H).—The sodium salt of this substance is

used therapeutically. A portion of the arsenic appears in the urine as

arsenious acid, while a larger part of the cacodylic acid is excreted as such.

Tests.—The urine gives a marked odor of cacodyl, and when heated

with phosphoric acid gives that of garhc. Arsenic can also be detected

in the urine by the Marsh test for more than two months after stopping

the drug. In using this test, however, it is important to remember that

arsenic is often present in the urine in recognizable amounts in persons

who have not taken it in drug form.

Camphor.—Camphor appears in the urine as camphor-glycuronie

acid, which can be recognized by laevorotation and the tests for the glyc-

uronic acid.

Cantharidin.—After internal use of large quantities of this substance,

the urine may contain albumin, casts, and blood. The cantharidin can

be recognized as such by boiUng the urine with potassium hydrate, decom-

posing the potassium cantharidate with sulphuric acid and extracting

with chloroform. The residue after evaporation of the chloroform can be

dissolved in almond oil and tested on an animal to see if it possesses the

power of bhstering.

Caffeine may appear in the urine unchanged or may be transformed

into xanthin. The xanthin may be isolated as is given under the deter-

mination of the xanthin bodies in the urine, and tested by the reactions

for that substance. See pages 489 and 610.

Cocaine may be found in the urine, but is usually rapidly decomposed

in the body.

Tests.—The tests which may be used are

:

1. The solution heated with 2 or 3 c.c. of chlorine water and then two

or three drops of 5 per cent, palladium chloride solution, will give a

briUiant red precipitate.

2. One per cent, potassium permanganate solution added drop by

1 Bollet. chim. farm., Bd. xxxviii, 1899, p. 249.
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drop to a watery concentrated cocaine hydrochloride solution gives rise

to crystals of cocaine permanganate.

3. Cocaine may be excreted in the form of a conjugate compound with
glycuronic acid.

Colchicin when present in the urine gives a violet solution; when
evaporated with concentrated nitric acid the color changes to a brownish
red, and finally on the addition of an alkali to an orange red.

Copaiba is excreted in the urine as a glycuronic acid compound of the

terpene group.

1. On addition of hydrochloric acid a cloudiness is produced by the

separation of the resinous acid, then a briUiant red color, becoming
violet on heating. The reaction is hastened by the addition of oxidizing

agents, such as chloride of lime or tincture of iodine. The hydrochloric

acid solution shows three absorption bands, one in the orange, one in

the green, and one in the blue.

2. A cloud is induced in the urine by the action of acids and heat,

but disappears when shaken up with petroleum ether, which differentiates

these substances from the albuminous bodies. The urine is Isevorotatory

and reduces Fehhng's after prolonged boiling.

Creolin.—The urine contains an increased quantity of conjugate

sulphates, while the preformed sulphates are diminished. The urine is

dark colored from the presence of phenol and cresol.

Cryofin.—This substance gives the same reactions as phenacetin.

Dionin is a hydrochloride of ethyl morphine and gives the morphine

reactions.

Euphorin and exalgin give the indophenol reaction, either directly in

the urine or after distillation with potassium carbonate.

Exodin (Diacetyl-rufigallic-acid-tetramethyl-ether).—The urine is dark

in color, but possesses no staining power as it does after the use of pur-

gatin. The addition of an alkali does not change the color, and the

ordinary reactions for blood and diazo-substances are not interfered with

by the drug.

Guaiacol is excreted unchanged in the urine and must first be isolated

before testing.

A small amount of hydrochloric acid is added to the urine and the

mixture is distilled by conducting steam from another flask into the one

containing the urine. The distillate is mixed with dilute ammonia and

again distilled. The first portion of the distillate is dissolved in an equal

volume of ether and an excess of concentrated alcoholic potash solution

is added. The compound of potash with guaiacol is insoluble in ether

and separates out. It can then be decomposed with sulphuric acid and

the guaiacol set free dissolved in alcohol, and a trace of ferric chloride

added which gives a blue color ; further additions give a yellowish green.

Heroin gives some of the morphine reactions.

Iodoform after absorption can be detected in the urine as an organic

iodine compound, for the tests for which see under Iodine.
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Iodine appears very promptly in the urine after the administration'

of its compounds, especially of the alkaUne salts. It is present in the form

either of an albuminous compound or as iodohippuric acid. Excretion

is less rapid with the organic compounds, such as iodipin, for in this special

case the absorption of the iodine is necessarily preceded by the splitting

of the iodipin by the intestinal juices.

Reactions.—Iodine can be detected in the urine by adding a few drops

of strong nitric acid to set free the iodine from its combination, and then

extracting the iodine with chloroform. If iodine is present, the chloro-

form takes on a beautiful pink, or, if the amount be large, a reddish violet

color. The same reaction is often seen in carrying out the indican test

with Obermayer's reagent when a large amount of indican is not present.

In case the latter substance is abundant in the urine, the blue color will

mask the pink of the iodine.

Another reaction which is characteristic is with starch. A few drops

of starch paste are added to the urine and the latter layered over some

strong nitric acid. A deep blue ring will appear at the point of contact

of the two fluids if traces of iodine are present. The color soon fades,

especially after heating.

Both these reactions indicate only relatively large quantities of the

drug. When the amount is small, as is likely to be the case in iodoform

absorption, the tests of Harnack ^ are preferable.

a. The urine is acidified with dilute sulphuric acid and one drop of

fuming nitric acid and then shaken out with chloroform.

h. The urine is mixed with a little starch paste, some dilute sulphuric

acid and some fuming nitric acid. A blue or black color is produced,

depending upon the amount of iodine present. If the fluid be heated

the color disappears and returns on cooling. Large quantities of urine

must be employed if faint traces of iodine are to be detected ; for example,

in amounts of 1 milligram or less.^ Traces of iodine may be detected by
evaporating a liter or more of urine which has been rendered alkaline

with sodium carbonate and carrying out the above tests on the concen-

trated residue.

Kairin appears in the urine as an ethereal sulphate, occasionally ac-

companied by methsemoglobin.

Tests.—On the addition of ferric chloride to urine containing kairin

a deep violet color is produced, and after the addition of acetic acid and

chlorate of lime solution, a fuchsin red color. Kairin urine is also laevo-

rotatory, may reduce Fehling's on prolonged boiling, and contains glyc-

uronic acid.

Lactophenin gives the indophenol reaction.

Lead.—The detection of traces of lead in the urine is often of the

greatest importance in obscure cases of lead poisoning, especially in the

1 Berl. klin. Woch., 1882, pp. 297 and 788.

2 E. Rogovin: Zeit. f. phys. Chemie, Bd. xxxviii, 1903, p. 157.
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cerebral type of the disease, where the usual clinical evidences of the in-

toxication may be absent. The amount of lead excreted may be either

considerable, as in cases of acute poisoning, where one of the salts of the

metal may have been taken either by accident or with intent to produce
abortion, or the amount may be very minute, as in chronic poisoning

from the use of paints or the drinking of fluids containing traces of lead.

In the first set of cases the lead may occasionally be detected in the urine

by a simple qualitative test, if it is present in quantities greater than 50

milligrams to the liter, though even when considerable amounts have been

ingested the excretion in the urine may not exceed 1 milligram to the

liter, the greater portion being carried off in the fsBces.

For the detection of lead when present in considerable quantities the

method of v. Jaksch * modified by Hill ^ may be used. A bright clean strip

of chemically pure magnesium ribbon is placed in the fluid to be tested.

Ammonium oxalate in the proportion of about 1 gram to 150 c.c. is added.

If lead be present it/ will be deposited on the magnesium, often within

an hour, though it is preferable to allow the process to continue for twenty-

four hours. The strip is then washed in distilled water and dried. The
gray deposit of lead on the surface of the magnesium may then be tested.

a. Warm the ribbon with a crystal of iodine on its surface, being

sure to continue the heating long enough to volatilize any excess of the

iodine, which may otherwise leave a yellow stain, but not raising the

temperature sufficiently to cause the magnesium to ignite. If lead be

present, yellow lead iodide will be formed.

h. Dissolve the deposit in nitric acid and add potassium bichromate

to one portion, when a yellow precipitate of lead chromate will be formed.

c. Add some hydrogen sulphide water to another portion of the nitric

acid solution, when a black precipitate of lead sulphide will be formed.

In most cases of chronic lead poisoning this simple test jails utterly to

detect the lead which is present in the urine, and errors have frequently

been made by considering a sUght yellow stain on the ribbon as evidence

of lead, when it is only due to the iodine coloring the magnesium oxide.

Possibly this may be due to the fact that the lead is in organic combination

and is not therefore easily precipitated on the magnesium ribbon.

Electrolytic Test.—The most reliable method is the following:

A small quantity of lead in the urine can be determined by electrolytic

methods, which are simpler and quicker than a chemical examination in

which large quantities of urine are evaporated and the residue tested.

A convenient modification of the electrical method has been recently

devised.' Two hundred and fifty c.c. of the urine to be tested are placed

in a porcelain dish and 2 c.c. of chemically pure sulphuric acid are added.

The mixture is heated gently, and about 5 grams of potassium persulphate

» Klin. Diagnostik, 1901, p. 238.

2 Lancet, 1897, p. 164.

^ Jacob and Trotman: Brit. Med. Journal, vol. i, 1903, p. 242.
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are added in small portions with occasional stirring. The fluid is gradually

brought to the boiling point, and in about half an hour the contents of

the dish will be almost colorless from the destruction of the organic

matter. If the fluid blackens, it is necessary to continue the heat-

ing, with the addition of more acid in a Kjeldahl flask until the color is

discharged.

The heating is continued until the liquid is concentrated to about 50

c.c, and it is then placed in a platinum dish and a current passed through

it for about eight hours. The current may be obtained either from the

street mains or from a storage battery, or from a couple of primary cells.

Fig. 153 shows a simple arrangement by which the current can be obtained

Fig. 153.

—

Diagram of Apparatus for the Electrolytic Determination of
Lead, Using Current from the Mains. (Jacob and Trotman.)

from the street mains.^ The platinum dish should be the negative pole,

which can be determined by introducing the terminals into a small quantity

of sodium chloride solution containing a few drops of phenolphthalein

;

a pink color appears near the negative pole. After the current has been

passed a sufficient time, the platinum dish is washed in distilled water,

nitric acid is added, and after removing the excess of acid by heating,

a stream of hydrogen sulphide is passed through the liquid. The quantity

of lead present may be estimated by matching the color with a standard

solution of lead nitrate through which hydrogen sulphide has been passed.

Usually, in lead poisoning, the quantity of lead contained in a liter of urine

is too small to be conveniently estimated by gravimetric methods. Care

must be taken in the selection of lead-free chemicals and dishes, and a

blank experiment should always be made with each fresh supply of

material.

Lysol is a mixture of the cresols, and when ingested increases the

1 Usually about three lamps should be placed in series instead of the one

shown in the figure.
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amount of conjugate sulphates in the urine. It also gives the phenol

reactions.

Mercury.—The determination of the presence of this metal in the

urine is chiefly of interest in connection with acute poisoning of a doubt-

ful nature, or in order to estimate the amount of the substance absorbed

after giving a patient inunctions of mercurial compounds. About 500 c.c.

of the urine to be tested are acidulated with 50 c.c. of hydrochloric acid,

a small ball of pure copper-gauze is then dropped into the fluid and the

whole gently warmed for an hour. Instead of the gauze, a sUp of copper-

foil may be used. After warming, the fluid should stand for several

hours, that all the mercury may be deposited on the gauze or foil. The
gauze is then washed off with very dilute sodium hydrate solution, alcohol,

and ether, to remove the sticky resinous deposit, which often gathers on the

surface of the metal, and is dried. The whole or a portion of the copper

is then heated in a long tube of infusible glass to volatilize the mercury,

which, if present, collects in the upper portion of the tube and can be

recognized by means of a magnifying glass as composed of fine shining

globules. To complete the test the mercury can be converted into an

iodide by gently heating a small crystal of iodine in the tube and allowing

the vapor to pass over the deposit of metallic mercury. The yellow iodide

is formed, which on standing, or more quickly by rubbing with a glass

rod, is altered into the red form which can be more easily seen by the

naked eye. One milligram of mercury to the liter of urine can be

detected by this method.

A somewhat more rapid method has been suggested by Marshall,^

as follows: One hundred c.c. of strong hydrochloric acid are added to

600 c.c. of urine together with one-half gram of solid potassium chlorate.

The mixture is then heated to the boihng point in a porcelain dish and

while hot transferred to a funnel provided with a stop-cock. The stop-

cock is closed and a small spiral of bright copper-foil is dropped into the

neck. A piece of folded filter paper is then placed in the fuimel and the

fluid poured into the filter. The stop-cock is opened very sHghtly, so

that about 90 c.c. escapes in a minute. The liquid is collected in a large

beaker, which is kept warm by a small flame underneath it, and is re-

transferred to the funnel. The fluid should pass over the foil about six

times. The entire process can be completed in an hour. The foil is

then cleaned as above and dried, and the mercury detected by sublima-

tion. If preferred, the mercury can be collected by electrolysis, using as

a negative electrode a small piece of gold-leaf. The amount of current

should be about half an ampere. The mercury will all be deposited in

about two hours. The fragment of gold-leaf is cleansed and dried in the

same manner as given above for the copper-foil, and then heated in a glass

tube. After the use of mercury traces of the metal can be found in the

urine for a considerable period of time, occasionally for a year.

1 Transactions of the College of Physicians of Phila., vol. xxv, 1903, p. 81.

39
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Methylene Blue.—The urine is usually colored green, but a blue color

can occasionally be produced by boiling the urine with acetic acid. The
coloring matter is insoluble in ether, but can be extracted by shaking

with chloroform and amyl alcohol. The urine shows an absorption band
between B and C, and another between C and D.

Morphine.—The tests for morphine are preferably applied to the

isolated alkaloid.

1. A briUiant red color is given with a mixture of morphine with con-

centrated sulphuric acid, containing 2 to 3 per cent, of ammonia molybdate

(Fr5hde's reagent).

2. A dilute morphine solution dropped into a mixture of 1 c.c. of

fuming hydrochloric acid, containing a drop of concentrated sulphuric

acid gives a purplish red color on evaporation in a porcelain dish at a

temperature of about 100 to 120° C. If strong hydrochloric acid is added

to the residue, the solution neutralized with sodium carbonate and a

trace of alcoholic solution of iodine added, the fluid assumes a brilliant

yellow green. The color is soluble in ether with the production of a

purplish tint.

Naphthalin is excreted as an a and /3-naphthol glycuronic acid in the

urine.

Tests.—1. The urine darkens on exposure to the air.

2. A few drops of the urine are layered over 1 c.c. of concentrated

sulphuric acid, when a brilliant dark green yellow will be produced at the

point of contact, if a-naphthol glycuronic acid be present.

3. Urine containing /3-naphthol gives a bluish fluorescence when mixed

with a few drops of ammonia or sodium nitrate.

4. Three to four drops of chloride of lime solution and the same amount
of hydrochloric acid are mixed with 5 c.c. of the urine, which then assumes

a lemon yellow color. If the color be extracted with ether and the extract

poured over 1 per cent, watery resorcin solution and shaken with a couple

of drops of ammonia, the resorcin is colored bluish green, which is changed

on the addition of nitric acid to a cherry red.

Naphthol may appear in the urine as an ethereal sulphate when used

in large quantities externally.

To test for this substance, 500 c.c. of urine should be acidulated

with hydrochloric acid and distilled in a current of steam, the distil-

late extracted with ether and the extract evaporated to dryness. The
residue is dissolved in alcohol mixed with a little animal charcoal and
gently warmed, filtered, and the filtrate evaporated. The residue gives

a brilliant greenish blue color when warmed with a crystal of chloral

hydrate.

Nitrobenzol when excreted in the urine may be recognized by its odor

of bitter almonds, or may be obtained as aniUn by distilling the urine

in a current of steam and dissolving the oily mixture, which passes over

in alcohol. This alcoholic solution is then reduced with zinc dust and
dilute sulphuric acid, which produces anilin. The fluid is rendered alkahne
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and extracted with ether. The ethereal residue gives a violet color with

chloride of lime.

Phenacetin is excreted in the urine partly as phenetidin, partly as

para-amidol-phenol, partly in the form of a glycuronic acid compound.
1. The indophenol reaction is given, see Acetanilid.

2. Two drops of hydrochloric acid and two drops of 1 per cent, sodium
nitrite solution are added to the urine, and then some alkaline watery
a-naphthol solution and some sodium hydrate ; if phenacetin be present,

a bluish color will be produced which changes to violet on the addition

of hydrochloric acid. It may be necessary to heat the urine for from

two to three minutes with one-fourth volume of concentrated hydro-

chloric acid to split the ethereal sulphate ; then proceed as above.

3. Urine containing a large quantity of phenacetin has a marked
yellow color, and on the addition of oxidizing agents, such as ferric chloride,

assumes a bluish red or a dark green color.

4. Urine containing phenacetin reduces Fehling's on prolonged boiling

and is laevorotatory, but does not ferment.

Phenol is excreted as a phenolsulphuric or glycuronic acid, and partly

as hydrochinon sulphuric acid. The color of the urine is greenish blue,

which becomes much darker on exposure to the air. Such urines often

contain albumin, casts, and blood. The preformed sulphates are dimin-

ished, so that such urine may give only a slight cloudiness on the addi-

tion of acetic acid and barium chloride. Tests for phenol are given on

page 442.

Picric acid may be recognized in the urine by its color or by allowing

a skein of wool to remain for some time in the fluid, when it will be stained

a brilliant yellow. On warming the urine with potassium cyanide a red

color is produced.

Piperazin is precipitated by picric acid and by a solution of bismuth

iodide in potassium iodide. The bismuth compound can be obtained as a

fine red powder, if the phosphates are first separated from the urine

by the addition of potassium hydrate and filtering. After acidulating

the filtrate with a few drops of hydrochloric acid some of the iodide

of bismuth and potassium iodide mixture is added. The solution

should be warmed, filtered, and allowed to cool. Rubbing the walls of

the vessel with a glass rod will accelerate the formation of the bismuth

compound.
Purgatin (Anthrapurpurin-diacetate).—The urine is of a Burgundy

red color, and a white strip of Hnen soaked in the fluid and dried is stained

yellow.

Purgen (Phenolphthalein).—Purgen can be recognized in the urine

by the bright pink color which is produced by adding strong alkali. It

also gives a diazo-reaction.

Pyramidon gives rise to a bright reddish purple color in the urine,

suggesting h?ematoporphyrin, and there may be a sediment of red needles

deposited while standing. The red color can be extracted by acetic
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ether, and has been identified by Jaffe ^ as rhubazonic acid. Glycuronic

acid is also increased in amount. Other tests are

:

a. The coloring matter may be extracted by chloroform.

b. A dark brown color changing to amethyst, which is produced by
the addition of ferric chloride to the urine, and a violet ring which can

be obtained by layering over the urine a dilute alcohoHc solution of iodine.

Quinine.

—

Qualitative Tests : The alkaloid is excreted unchanged in

the urine, and can be isolated by shaking out the fluid with ether after

it has been rendered slightly alkaline. The residue, after evaporation

of the ether, is dissolved in water and shows a marked fluorescence. If

some of the solution is warmed with dilute sulphuric acid and a small

amount of tincture of iodine is added, greenish plates with a metaUic

lustre separate from the fluid (Herapathite).

Quantitative tests for quinine ^ in the urine may be made as follows

:

Two hundred c.c. of the urine to be tested are placed in a beaker,

acidulated with a few drops of sulphuric acid, and treated with about

10 c.c. of dry picric acid. The mixture is allowed to stand for a day

and then filtered through filter paper until the filtrate comes through

perfectly clear. No cloud should be produced in the filtrate on the ad-

dition of a saturated solution of picric acid. In case the filtrate remains

cloudy after repeated filtering it may be necessary to add a small amount
of white of egg. The precipitate on the filter is collected in a flask, mixed
with 50 c.c. of a 3 per cent, potassium hydrate solution, and digested for

half an hour on a water bath. After the mixture has cooled, 60 c.c.

of chloroform are added and the flask is thoroughly shaken at intervals

of at least two hours. Twenty-four hours later the chloroform is sepa-

rated from the watery fluid in a separatory funnel and evaporated in

a tarred flask. The watery solution which remains is shaken out for a

second and third time with chloroform, and the extracts added to the

original in the weighing flask. The chloroform is then evaporated and
the flask dried at about 120° C, and weighed after cooling. The method
is roughly quantitative, the error being less than 2 per cent.

Resorcin is excreted partly as such in the urine, partly as an ethereal

sulphate. It gives tests for naphthalin. Other tests must be appUed
on the isolated substance.

The urine is evaporated to one-fourth of its bulk ; the residue boiled

with sulphuric acid and the fluid extracted with ether. The ethereal

solution is evaporated, boiled with barium carbonate, filtered, treated

with animal charcoal and evaporated. The residue is dissolved in water,

and gives a violet color on the addition of ferric chloride and a precipitate

of tribromresorcin with bromine water.

1 Internat. Beit. z. inner. Med., Bd. ii, p. 1 ; see also A pert : Arch. g6n. d.

med., 1904, p. 1665.

^Kleine : Zeit f. Hygiene, Bd. xxxviii, 1901, p. 458.
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Rhubarb colors the urine a deep yellow or a greenish yellow, from the

chrysophanic acid contained in this drug. Senna gives the same color.

Tests : 1. The yellowish colored urine becomes purple red on the addition

of alkali and the precipitate which is formed has a reddish color. The
color of the precipitate is unaltered by the addition of acids, which dis-

tinguishes the reaction from the Heller test for blood.

2. Urine colored by chrysophanic acid and of an acid reaction is de-

colorized when shaken with half of its bulk of ether by the solution of

the acid in the ether, and the ethereal solution assumes a red color on
the addition of sodium hydrate. This reaction differentiates between

urine containing santonin, the color of which is not extracted by ether.

Another difference lies in the fact that the red urine containing rhubarb

and senna when treated with dilute acid and zinc dust is decolorized,

while santonin urine is not. Chrysophanic acid is precipitated by baryta

w^ater and milk of lime, while santonin urine retains its color.

3. Acidulate the urine with hydrochloric acid and shake out with

chloroform, when, if chrysophanic acid be present, a violet ring will be

produced on the addition of potassium hydroxide.

Saccharin appears unchanged in the urine. The fluid to be tested

for saccharin is acidulated with phosphoric acid and extracted with

ether. The ethereal residue has an extremely sweet taste, and if it is

heated at 250° C. for half an hour with a small quantity of concentrated

sodium hydrate solution, and after acidulation extracted with ether, the

residue, after evaporation of the ether, gives the reaction of salicylic acid.

Salacetol, Salipyrin, Salophen, Salosantal, and Salol, all give the

reactions of saUcyUc acid.

Salicylates appear in the urine as salicylic acid, as ethereal sulphates

or as glycuronates, and partially in unaltered form. The most important

test is the bluish violet color, which appears on the addition of ferric

chloride as in Uffelmann's test for lactic acid. If only small quantities

of saHcylic acid be present, the urine should be acidulated with sulphuric

acid and shaken out with ether, the ether allowed to evaporate spon-

taneously and the residue tested with very dilute ferric chloride solution,

or the ether may be shaken with dilute sodium hydrate and the latter

mixed with a dilute solution of ferric alum.

Sandalwood oil is excreted in the urine as a glycuronic acid compound

and may be recognized by the same test as for copaiba, but distinguished

from the latter by the fact that the addition of mineral acids does not

give rise to a red color.

Santonin causes the urine to assume a yellowish color, which is due

to xanthopsin, which changes to a red on addition of alkali and is not

extracted by ether. (See Rhubarb.)

Sulphonal, Trional, and Tetronal in large doses are likely to incite

hsematoporphyrinuria. The identification of the pigment depends upon

spectroscopic tests and is given on pages 22 and 572.

Tannin and Tannigen appear in the urine as gallic acid, which gives
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a greenish-black color with ferric chloride. The alkaline urine turns black

from the absorption of oxygen.

Terpin hydrate may be recognized in the urine after distilling 500 c.c,

extracting the residue with 5 c.c. of alcohol, and heating the alcoholic

extract so as to cause the vapor to pass over a crystal of subchloride of

antimony. The latter assumes a red color if terpin hydrate be present.

Thymol appears in the urine as thjTnol-sulphuric acid, thymol-glj'c-

uronic acid, and as a green coloring matter. Urine containing large

quantities deposits cr>'stals of dichlorth\Tnol-glycuronic acid when mixed

with a third of its volume of concentrated sulphuric acid and sodium

hj-pochlorite.

Urethan when it appears in the urine reduces Fehling's. If 500 c.c.

of the urine is shaken out with ether, the ether washed with water and

the residue obtained on evaporation of the ether dissolved in water, the

solution when rendered alkaUne with potassium hydrate will give a precip-

itate of yellow mercuric oxide, which changes on agitation to a white

mercuric carbamate.

Urotropin gives an orange-red colored precipitate of dibromurotropin

when the urine containing it is mixed with bromine water.

IV. MICROSCOPIC EXAMINATION OF URINE

THE SEDIMENTS IN THE URINE

The .sedimentation of the urine for microscopical examination

may take place spontaneously in a conical glass, or it may be

hastened by the use of a centrifuge. The rapid method is far

more preferable, as there Is no chance for any alterations to occur

in the deposits. Especially Is this true in strongly alkaline urine,

in which hyaline easts may be dissolved in a very short time. The

casts and other mori^hological elements which may be present

are not injured by centrifugalization.

The deposit is to be obtained from the conical tip of the glass

by means of a pipette ^ith a rather finely-drawn-out tip. The

finger Is placed over the upper end of the pipette and the tip is

lowered until it is in contact with the deposit ; the pressiu-e on the

upper end of the pipette is then removed and the deposit allowed

to flow rapidly into the lumen of the tube. The finger is then

tightly pressed over the upper end, and by gradually rotating

the pipette small amounts of the urine are allowed to escape on

the slide for examination. Hollow ground slides are not so suitable

as those of plain glass of extra width. The size 2 by 3 inches

is the best. The large slide is preferable, because the urine
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is less liable to run over the edge and soil the surface of the micro-

scope stage.

A cover glass has the advantage that it renders the soiling of

the front lens of the objective less likely, but it is prone to alter

the morphology of the more delicate ele-

ments by pressure unless it is carefully

adjusted. A mechanical stage for the rou-

tine searching of a preparation is very con-

venient.

The lens to be used is a comparatively

low power one with a focal length of 8 to

16 millimeters. Of the lenses

on the English system, a half

inch is the most suitable. A
moderately high eyepiece is

advisable. With this com-

bination the large field allows

the rapid searching of a large

surface, and yet, if the Hght

is properly adjusted, the

casts, crystals, and epithe-

lium are much more easily

seen than with a higher

power. The beginner always

makes the mistake of working with a 4 or 6 milli-

meter dry lens, so that, besides the discomfort of

the small field and the tiring of the eyes which

results from the rapid movement of the objects

because of the high magnifying power, there is the

need of great care in handling the lens lest it be-

come injured by contact with the urine or reagents.

If crystals are being tested with acids a very large

cover glass should always be used and a low power

objective, if possible, in order not to get the mount

too close to the corrosive fumes.

The acid or other reagent to be used is placed

at one side of the cover glass by means of a

pipette and drawn under the cover by abstract-

ing urine from the opposite side by a narrow strip of blotting

paper.

Fig. 154.—A Convenient
Form of Cylinder for
Sedimenting Urine,

Fig. 155. — Im-

proved Cen-
trifuge Tube
with Remov-
able Tip.



592 THE UKIlSrE

The regulation of the Hght is a most important matter. As

most of the modern stands are fitted with an Abbe condenser, the

question is almost always one of diminution in the amount of

light to the smallest amount possible by the use of the smallest

diaphragm, or by reducing the iris to the smallest aperture. It is

often of advantage to use a low artificial light rather than brilliant

daylight. If the Abbe can be removed entirely and the light then

reduced by a diaphragm, the conditions will be most favorable to

the beginner in his search for hyaline casts, though this procedure

is not necessary after some experience.

The preservation of urinary deposits as type specimens is a

difficult matter. The crystals are best mounted in glycerine

jelly .1 Some of this is melted and poured over the centrifuged

deposit. A drop of the warm mixture is then placed on a slide,

covered with a cover glass and allowed to cool. The preparations

must be ringed with asphalt or shellac. Casts and epithelium

may be preserved by sedimenting the urine and washing the

sediment in several changes of physiological salt solution until

the albumin is removed, and then hardening them in a 5 per cent.

formaldehyde solution. They may be kept fairly well in this way
in sohition, and they may be mounted in glycerine jelly, but the

results are unsatisfactory except for the coarser varieties of casts,

such as the waxy and epithelial varieties.

ORGANIZED DEPOSITS

The red blood corpuscles in fresh acid urine preserv-e their

shape and color very well for a short time. Later the hipmoglobin

is likely to be washed out by the solvent action of the fluid. In

alkaline urine or in very dihite urine the color quickly fades and
the cell swells up and is visible only as a faint ring. In concen-

trated urine the cell assumes a crenated form such as is seen in

a fresh blood preparation after concentration of the serum has

taken place from evaporation.

Leucocytes retain their structure very well in acid urine, and
by the addition of a little acetic acid the nucleus can be rendered

quite distinct. In alkaline urines the leucocytes lose their shape

quickly and undergo solution in the ammoniacal fluid, forming a

stringy mass of nucleo-albumin and cell remnants which is often

> See Appendix, page 701.
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called mucus, and which becomes much more stringy if a little

strong NaOH be added. The pus in urine will blue freshly pre-

pared guaiacum tincture if the latter is layered over the purulent

fluid.

Mucus is present in very small quantities in the urine in the

nubecular cloud and in small threads, which are often branched

and taper at the ends into smaller threads. These threads are

not nearly so refractile as the faint hyaline casts and are easily

distinguished from them by their tapering ends.

Epithelium is present in the sediment of every urine, rather

more abundantly in the urine from females owing to the large pro-

portion of vaginal epithelium. The epithelium from the female

Fig. 156.

—

Epithelium from Genito-urinary Tract.

a, Bladder; b, near neck of bladder; c, urethra; d, kidney epithelium; e, ureter.

urethra, the vagina, and the male urethra is often large in size and

oval in shape, with a small nucleus compared to the size of the cell.

The vaginal is usually larger, though an occasional large cell may
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come from other regions. The cells from the superficial layers of

the bladder may also be rather large, but the nuclei are usually

slightly larger than that of the vaginal epithelium. Small round

cells may come from the whole of the urinary tract, but when they

are dark in color and have large nuclei and are very granular

they are generally assumed to be derived from the kidney tubules.

This supposition can only be proven when this form of epithelium

is passed in the urine in the form of cylinders or casts of the urinary

tubules. The isolated cells can not be certainly identified. The

fact that the kidney is the seat of an active nephritis, with much
albumin in the urine, will, of course, render the probability that

an isolated cell is derived from the kidney epithelium somewhat

greater.

Epithelium of irregular shape and cells with long tail-like pro-

jections may be derived from any portion of the urinary tract,

but usually from the deeper layers.

It is impossible to determine exactly the site of production of a

given epithelial cell. For a long time it was considered that

certain of the tailed cells were derived from the pelvis of the

kidney, but this view has been abandoned. The only fact of diag-

nostic value to be derived from an examination of the morphology

of urinary epithelium is that there is present in the urine a greater

or a less amount, and that this is to a certain extent an index to

the amount of inflammation and desquamation going on.

The epithelium in the urine may undergo degeneration before

it is set free in the fluid. The commonest form of degeneration

seen is fatty change, especially in the small granular cells from the

tubules of the kidney. The fat granules can be recognized more

easily if the deposit be treated with 1 per cent, osmic acid or with

an alcoholic solution of Sudan III or scharlach R, all of which

color the fat. A convenient mixture for the purpose is one ob-

tained by mixing two parts of a saturated solution of Sudan III

in 70 per cent, with one part of 10 per cent, formalin, and

filtering.

Fragments of tumors may be passed in the urine, and if im-

bedded and sectioned may cast some light upon the nature of a

growth in the urinary tract ; but, as a rule, such fragments are too

necrotic to permit of an accurate opinion from the examination of

a section. The same condition holds true if the specimen is ex-

amined fresh.



MICROSCOPIC EXAMINATION OF URINE 595

Spermatozoa are occasionally found in the urine of the male

after coitus or a nocturnal emission, and in spermatorrhoea. They
are also found after an epileptic attack. In the female they are

present in the vagina and occasionally in the urine for some days

after coitus.

CASTS

When the substance of the kidney is altered by circulatory,

toxic, or inflammatory disturbances, the urine contains cylindrical

bodies which originate in the tubules. Besides these true casts

we may find cylinders in the urine of a slightly different morphol-

ogy which do not necessarily denote any of the above condi-

tions. The first are called casts, and the second cylindroids and

mucous threads. It will be more convenient to begin with the

latter.

Mucous threads are bodies which appear in the normal urine

in the form of long, tapering, transparent shreds which are longer

and usually thinner than casts of the hyaline variety, for which

they are most likely to be mistaken. They frequently taper out

Fig. 157.—Hyaline and Granular Casts, Mucous Threads and Cylindroids.

Scattered through the Field are a few Epithelial Cells from Bladder,

at both ends in the form of fine threads, or they may split into

several fine divisions and these separate tails fade away imper-

ceptibly. The mucous threads are very often covered with fine
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granules deposited on them as the urine cools and the urates begin

to separate out. They should never be mistaken for casts.

Cylindroids are rather larger and more refractile cylinders than

the mucous threads, and at times can not be distinguished from

true hyaline casts except by the fact that the cylindroid tapers out

gradually at one or both ends into a long tail, while the casts

possess a rounded or short pointed end. The cylindroids are also,

as a rule, a little broader than hyaline casts. They may also

collect granular deposits and occasionally have leucocytes at-

tached to them. An absolute and dogmatic distinction between

a cylindroid and a given hyaline cast is at times quite impossible.

They both appear in the urine under much the same conditions

;

that is, in cases of chronic nephritis without much albumin and

with only a few hyaline casts, and in the urine of old people.

Occasionally a true hyaline cast may be seen with a short tail

instead of a rounded end, and in such a dilemma it is always neces-

sary to search the urine further until definite forms are discovered

which will enable one to say that casts are or are not present.

Hyaline casts are the most difficult to find, but at the same

time they are the most important form of casts from a point of

view of diagnosis. They are often present in very small numbers,

and disappear from the urine so rapidly when the fluid under-

goes any change that they are often overlooked. The urine, there-

fore, in an important case, should always be centrifuged as soon

as possible after passing, and the deposit examined with great

care as to the proper regulation of the amount of light used. It

is better to have too little than too much ; the first condition

can only strain one's eyes, the second will insure many a faulty

diagnosis.

The importance of hyaline casts lies in the fact that they are

often the only evidence of an advanced nephritis, the discovery

of which would deter the surgeon from, operating, or decide the

question of life insurance, or of suitable climatic or medical

treatment.

Hyaline casts are narrow, cylindrical bodies of about the same
proportions in regard to length and breadth as the human finger.

They are usually rounded at each end or cut off obliquely ; but as

a rule there is no sharp point and especially no prolonged tail.

(See Fig. 157.) Hyaline casts are often covered with granular

matter and at times with leucocytes, but a careful examination
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with a high power will show that the deposits are on the cast and

do not form a part of its substance, as is the case with the granules

in the true granular casts. This distinction should always be

made, as the prognostic value of granular casts is far graver than

that of the hyaline casts. Hyaline casts rarely contain in a part

of their length cast material of a different sort, but occasionally

a cast is seen which is hyaline at one end and granular or com-

posed of blood at the other. (See Fig. 157.)

Granular casts are distinguished from the hyaline variety by
their deeper color and greater refracting power, as well as by the

fine or coarse granules which are contained in their substance.

^-^ JL- -^^^^

Fig. 158.^Finely Granular Casts from Case of Subacute Diffuse

Nephritis. (200 diameters.)

(See Figs. 157 and 158.) The lateral borders are also rather in-

clined to be irregular and to show a slight waviness. They

frequently are granular at one end and quite transparent at the

other, and may contain red or white blood cells or epitheHum in

small amount or may be fatty.

Epithelial casts are, as the name indicates, composed of tubular

epithelium with a more or less transparent matrix.
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Blood, leucoc5rtes, and pus casts are sufficiently described by

the name.

Waxy casts are very large, highly refractile casts which are

not very frequent in the urine, and which occasionally give the

reactions for amyloid

with iodine or the

aniline dyes. The ends

show a well-marked

fracture, and the casts

have a characteristic

well-defined and wavy
outline which is some-

times due to a spiral

twist in the entire

cast. They are very

resistant to the ac-

tion of acid. Transi-

tions from wax to

epithelium or granular

masses in the same

T. ^ r> rr. cast are common. (See
Epithelial, Coarsely Granular and ^

Fatty Casts. Fig. 160.)
Fig. 159.-

DIAGNOSTIC VALUE OF THE DIFFERENT VARIETIES OF CASTS

Hyaline casts are not always indicative of an active or pro-

gressive nephritis. They may be found in about 50 per cent, of

cases of general anaesthesia if care is taken to centrifugalize the

urine and make a thorough search. Evidently the lesion is a

temporary irritation or possibly a congestion of the kidneys, as is

shown by the fact that the casts, and the trace of albumin which

often accompanies them, disappear from the urine in twenty-four

to forty-eight hours.

Casts of a hyaline nature are found in the urine of many
persons over fifty years of age, but with no other evidence of a

renal lesion, and very rarely without albumin being present. ^ As a

rule this condition is not regarded as indicating a chronic diffuse

^ See, in this connection. Osier : " On the Advantages of a Trace of Al-

bumin and a Few Tube Casts in the Urine of Certain Men Above Fifty Years

of Age," New York Medical Journal, vol. Ixxiv, 1901, p. 949.
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nephritis, but only that a small area of one or both kidneys may
have a few sHght changes, which will account for the presence
of these casts, and the trace of albumin which may or may not
accompany the latter. Any one who has sectioned and examined

Fig. 160.

—

Types of Casts with a Waxy Matrix from a Case of Subacute
Parenchymatous Nephritis. Some of the casts are quite transparent,

others are granular at one end and clear at the other. Some are composed
partly of granular matter and partly of waxy material. The casts vary greatly

in size but are all drawn to the same scale. One very small cast in the center

is of the hyaline variety.

microscopically many kidneys from elderly persons will agree that

a perfectly normal kidney in such people is almost never seen,

but that frequently small areas will show a little connective tissue

and a few atrophic glomeruli.

Hyaline casts are also found in all cases of well-marked jaun-

dice; and here they also seem to be the evidence of a transient

lesion of the epithelium, for they, as well as the traces of albumin

and nucleo-albumin usually present, soon disappear from the urine

when the excretion of bile through the kidney ceases.

Hyaline casts are also seen in febrile diseases, in chronic con-

gestion of the kidneys, in severe anaemias, and in diabetes. In
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all these conditions the renal changes found on autopsy are slight,

and the casts or the trace of albumin with them seem to be due

to the altered nutrition or degeneration of the tubular or glomeru-

lar epithelium. This does not mean that a true and active

nephritis may not be

seen under the above

conditions. Such is

often the case, but what

is meant is that a very

few hyaline casts may
be seen without the

diagnosis of nephritis

being necessary.

In the great major-

ity of cases, however,

the presence of hyaline

casts and albumin
means the existence of

a chronic nephritis. In

general the greater the

number of casts the

more severe the dis-

ease; but there are many exceptions, and a patient may pass

urine nearly normal in quality when the kidneys are in an ad-

vanced state of nephritis and uraemia is threatened.

The casts may appear before the albumin, and may remain

after the albumin has disappeared in cases of mild chronic nephritis

which are amenable to treatment.

Granular casts invariably indicate a nephritis of severe grade,

especially when the granules are coarse.

Waxy casts are not necessarily the accompaniment of a waxy
kidney ; in fact, they are rather uncommon in this condition, but

are seen most frequently in the large white kidneys which often

show a moderate amount of waxy degeneration, accompanied by

advanced changes in the glomeruH and tubular epithehum. They

appear also in acute, rapidly fatal cases of nephritis.

Epithelial casts indicate a severe destructive lesion of the

kidney epithelium, and are only rarely seen except in most ad-

vanced nephritis.

Blood casts are chiefly seen in acute glomerular nephritis with

Fig. 161.- -PSEUDO-CASTS OF AmMONIUM UbATE
AND Uric Acid.
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hsemorrhage from the vessels of the tuft, and indicate a serious

lesion of the kidney.

Pus casts are met with most frequently in acute pyelo-nephritis,

and are of grave diagnostic import.

CRYSTALLINE AND AMORPHOUS DEPOSITS IN THE URINE

The unorganized deposits in the urine can be conveniently

divided for clinical purposes into those which appear chiefly in acid

urine and those which are found in alkaline urine. It is important

to remember that the addition of preservatives to the urine may
alter the form of the crystals or give rise to new varieties. For

example, it has been shown ^ that the addition of formalin to

urine may give rise to disk-like bodies about twice the size of a

red corpuscle, with radial striations, which makes them resemble

leucin. These crystals are a compound of formalin and urea.

I. SEDIMENTS IN ACID URINE

1, The quadriurates of sodium and potassium form the chief

portion of the yellow or brick-red deposits which occur in any

concentrated acid urine. The color of the yellow deposit is due

to urochrom and urobilin, that of the red to uroerythrin. The

deposit frequently contains traces of hsematoporphyrin. Micro-

scopically the deposit is formed of a finely granular sediment,

which can be decomposed into uric acid and a biurate by the ad-

dition of a little water. The deposit is soluble on warming the

urine slightly, and is easily soluble in acetic acid with the sepa-

ration of uric acid cr3^stals. The urates all give the murexide

reaction.

2. Uric acid separates from acid urine on the breaking up of

the quadriurates into the biurates and uric acid; the latter is

then deposited in the form of rhombic or whetstone-shaped plates

or six-sided prisms with rounded angles. The smaller forms of

the rhombic plates are at times colorless, but almost all the other

forms are deeply colored with the urinary pigments. Dumb-bell

forms are occasionally seen, and large rosettes formed by the com-

bination of the prismatic crystals are very common. Uric acid is

not soluble in acetic acid nor on heating, but can be dissolved by

potassium hydrate or by a 10 per cent, solution of piperazin, and

» Smith : Practitioner, 1903, p. 160.

40
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the uric acid again separated from the solution by the addition of

a Uttle HCl. The murexide reaction is given.

3. Calcium qxalate appears most frequently in acid urine, but

may often be found after a urine has undergone alkaline fermen-

tation, owing to its insolubility in alkali. It is characterized by

the small, highly refractile octahedra with a cross connecting the

4-
'?:

*M X*.
Fig. 162.

—

Crystals of Uric Acid.

corners. Occasionally one sees twin crystals with a half-rotation

of one of the components, causing one octahedron to have small

projecting points from the side, these points being the angles of the

other crystal. Pyramidal prisms or oval or dumb-bell forms are

not so frequent as the octahedra. Calcium oxalate is insoluble in

acetic acid, but soluble in HCl. (See Fig. 163.)

4. Cystin is a product of proteid metabolism which appears in

the urine in the form of highly refractile six-sided tables. (See

Fig. 165, p. 605, and Fig. 136, p. 460.) They are soluble in

HCl, in alkalies, ammonia (point of difference from uric acid), and

are insoluble in acetic acid. They are very rarely found in the
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urine, and attention is usually called to the condition by the find-

ing of a cystin calculus in the genito-urinary tract.

5. Leucin appears in the urine in the form of yellow, oily-

looking spheres with a radial striation. It is not soluble in hydro-
chloric acid, which separates it from ammonium urate, nor in

nb . '- ' '^-^ ^ '^^^^§^ A^ £>^9'^~^

fy
^^

»t'y%

Fig. 163.

—

Crystals of Calcium Oxalate.

ether. The latter reaction, and the fact that it does not stain with

Sudan III or scharlach R, differentiate leucin from globules of fat.

Tyrosin forms bundles of fine needles which are soluble in am-
monia and HCl, but not in acetic acid. It gives Millon's reaction.

If both leucin and tyrosin are present in large quantities in

the urine they may form a deposit, but usually it is necessary to

evaporate some urine to about one-tenth of its original volume

and then add some alcohol to the solution and examine under the

microscope for the formation of the characteristic crystals.

Leucin and tyrosin should always be tested chemically, and

not identified solely by their morphology. (See Fig. 135, p. 457.)
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6. Bilirubin or hsematoidin appears in the urine in the form of

brilliant yellow rhomboids or yellow needles. It may also form a

yellow granular deposit. The rhomboids sometimes have small,

curved needles projecting from the angles. It is soluble in chloro-

form and potassium hydrate and gives Gmelin's reaction.

7. Hippuric acid has been noted several times in acid urines

as transparent colorless prisms. (See Fig. 134, p. 453.) The
crystals are soluble in alcohol and also ether, which distinguishes

them from uric acid.

II. SEDIMENTS IN NEUTRAL AND AMPHOTERIC URINE

In addition to the sediments described above, neutral calcium

phosphate may be occasionally found. The crj^stalhne form is

that of slender pyramids united by their apices to form rosettes

or cross-shaped figures. (See Fig. 165.) They are soluble in

acetic acid, and form balls of calcium carbonate when treated

with 20 per cent, ammonium carbonate. .Ammonium-magnesium
phosphate may rarely be found in neutral urine.

III. SEDIMENTS IN ALKALINE URINE

1. Amorphous deposits of tricalcium and trimagnesium phos-

phates are often very abundant in alkaline urine. They are white,

bulky precipitates which are soluble in acetic acid without evo-

lution of carbonic

f-
acid gas.

-"^Jk 2. Calcium car-

^f bonate, which may

k ^^ 3.1so form an amor-
^ '^ phous precipitate

or groups of large

spheroidal masses,

gives off CO2 when
tt ^jifi " treated with acetic

Wg % ^^^^'

^^V ^''
3. Ammonium

urate is quite fre-

quently present in

alkaline urine in the form of dark brown or black spheres, either

single or united, and frequently covered with short, curved projec-

•*

-.. « ., • „,

,

Fig. 164.

—

Crystals of Ammonium Urate.
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tions forming the so-called thorn-apple crystals. They dissolve in
hydrochloric acid with the separation of uric acid and give the
murexide test. They dissolve in strong alkalies with the evolu-
tion of ammonia.

4. Triple phosphate or ammonio-magnesium phosphate crystals

are the most frequent crystalline forms in alkaline urine. They

\

<3I?

X.

Fig. 165.

—

The Cross-shaped Crystal in the Center is Calcium Phosphate.
The Hexagonal Crystal in the Lower Portion of the Figure is Cys-
tin. The Irregular Transparent Crystals to the Right are Ammo-
nium-magnesium Phosphate.

appear either as the coffin-lid forms, or as long, feathery crystals,

of which four are usually united by their bases, forming a mass

like a rough letter H. The coffin-lid forms are exceedingly char-

acteristic, but can be still further identified by their easy solubility

in acetic acid.
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Fig. 167.

—

Crystals of Ammonium-magnesium
Phosphate.

The summary which

is given below may also

be used in testing un-

known deposits.

1. Colorless crystals

may consist of calcium

phosphate, calcium sul-

phate, ammonium-mag-
nesium phosphate, cal-

cium oxalate, cystin,

xanthin, tyrosin, or hip-

puric acid.

Calcium sulphate

and tyrosin form fine

needles ; cystin, six-

sided or rhombic plates,

or rarely, thick needles

;

calcium phosphate.

Fig. 166.

—

Crystals of Ammonium-magnesium Phosphate.



MICROSCOPIC EXAMIN^ATION OF URINE 607

rhombic prisms; xanthin, six-sided plates or small oval flat

crystals; calcium oxalate, octahedral or long prismatic bodies.

Ammonium-magnesium phosphate forms large six-sided prisms

with oblique end facets. Short prisms of the triple phosphates

may resemble the octahedra of calcium oxalate, but these forms

are rare.

2. Colorless balls or dumb-bells consist of calcium carbonate,

oxalate or sulphate.

3. Yellow, reddish or brown crystals are uric acid, and very

rarely phosphates or oxalates colored with bile pigment.

4. Yellow and reddish brown balls or masses with prickle or

spur-like projections are either urates or leucin.

5. Calcium and magnesium phosphates, alkaline urates and
xanthin form fine granular deposits.

THE RELATION OF THE SEDIMENTS TO REAGENTS

1. Strong acetic acid dissolves calcium and magnesium phos-

phates, calcium carbonate and ammonium-magnesium phosphate

;

but does not dissolve calcium sulphate or oxalate, uric acid,

xanthin, or cystin. Uric acid salts are partially dissolved and

leave a residue of uric acid crystals, which are better marked after

an hour or two than just after making the test.

2. Hydrochloric acid dissolves all crystals except uric acid and

calcium sulphate.

3. Ammonia dissolves tyrosin, cystin, and xanthin. Uric acid

crystals are partially eroded with the formation of ammonium
urate.

4. Water sets free uric acid from the urates of sodium and

potassium, and when in great excess dissolves tyrosin, xanthin,

uric acid and urates : but this solution is hardly to be noticed in

microscopical preparations.

5. A 20 per cent, solution of ammonium carbonate is useful

in differentiating between calcium and magnesium phosphates

and triple phosphate. The last remains unchanged. Magnesium

phosphate crystals are eroded and small triple phosphate crystals

are soon formed by the action of the ammonia. Small globules of

calcium carbonate are formed on* the calcium phosphate crystals.

6. Chloroform dissolves bihrubin and fat.

7. Alcohol dissolves tyrosin, leucin, cystin, and hippuric acid.



608 THE URINE

CALCULI IN THE GENITO-URINARY TRACT AND THEIR
ANALYSIS

The formation of urinary calculi depends upon the same phys-

ical and chemical changes in the urine as give rise to the crystal-

line and amorphous sediments. The latter are rarely found in

freshly passed urine, but form rapidly when the urine cools or

changes its reaction. So, too, when bacteria set up an alkaline

fermentation in the urine, particles of the phosphates may be

deposited upon any foreign substance which may be present in

the genito-urinary tract and form a calculus. The process of

accretion may stop before the stone becomes too large to pass the

ureter or the urethral orifice, or it may continue and give rise

to very large masses which partly fill the pelvis of the kidney or

bladder. The foreign substances which form the nucleus of a

calculus may be a small crystal of uric acid or calcium oxalate,

for example ; or it may be a flake of fibrin, or mucus, a small blood

clot, a few desquamated epithelial cells, or finally some wholly

foreign matter, such as the tip of a catheter or a non-absorbable

suture. The growth of the stone takes place by the deposition of

successive layers upon the original nucleus. In the calculi formed

of cystin, xanthin, uric acid, or calcium oxalate, the layers may be

of the same nature as the nucleus, but usually the different strata

vary considerably in their chemical composition. Calculi also

vary considerably in their color, form, and hardness, depending

upon their chemical composition.

1. Uric acid and urate calculi are among those most frequently

met with. They are usually composed of a mixture of these

two substances, are yellowish or brownish in color, with a slightly

roughened surface and fairly hard. On cross-section they show a

distinctly laminated structure. Some of the small calculi are

composed of crystalline aggregations of nearly pure uric acid, with

very sharp angles. Ammonium urate calculi are small, yellow,

and very soft. All of this group give off the odor of hydrocyanic

acid when ignited on platinvmi-foil and leave but little residue.

2. Calcium oxalate calculi are very hard and show a crystalline

fracture. The smaller ones are smooth-surfaced and white; the

larger have a very rough exterior, with sharp projecting angles,

and are often stained a dark brown color from blood pigment

derived from the haemorrhages produced by the sharp angles of

the stone (mulberry calculi). These calculi are changed into
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calcium carbonate and lime on heating. They are soluble in

hydrochloric acid.

3. Phosphatic calculi are composed of ammonium-magnesium
phosphate and the normal phosphates of the alkaline earths,

calcium and magnesium. They often contain an admixture of

ammonium urate and calcium carbonate, occasionally some cal-

cium oxalate. Pure calcium phosphate and triple phosphate

stones are rare. Stones of the phosphate group are often of large

size, of a white or yellowish color and of a chalky consistency. The
surface is usually rough. They are soluble in hydrochloric acid,

and leave an abundant white residue on heating.

4. Calcitim carbonate calculi are rare. They are small, have a

chalky feel and a smooth white surface, and are friable.

5. Cystin calculi are of a pale yellow color, have a smooth or

mammillated surface, and are soft and friable. The cut surface

is translucent and waxy. Flat crystalline plates can often be

split off from the broken surface of the calculus.

6. Xanthin calculi are very rare. They are light brown in

color and moderately hard. When the surface of the stone is

rubbed it takes a dull, wax-like polish, and fiat plates can be split

off from it. They leave but little residue on heating and are

dissolved by hydrochloric acid.

7. Cholesterin calculi are very rare. They resemble cystin

stones in their gross appearance, and are soluble in a mixture of

alcohol and ether. When this solution is evaporated rhombic

plates of cholesterin are obtained which can be identified by their

form and reactions (page 338).

8. Urostealith calculi are small masses composed chiefly of

fatty acids and fat, the former combined with calcium and mag-

nesium. The analyses of Horbaczewski ^ showed that the calculi

which he examined contained 51.5 per cent, of fatty acids, chiefly

stearin and palmitin, and 31.5 per cent, of fat.

9. A calculus composed of indigo has been described. It

weighed forty grams. Indigo can be sublimed by slow heating,

and dissolves in chloroform with the production of a blue color.

10. Mixed calculi are frequent. They consist of concentric

layers of substances of varying chemical composition, most fre-

quently uric acid, calcium oxalate, and the phosphates. Rarely

1 Zeit. f . phys. Chem., Bd. xviii, p. 335, 1893.
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such stones contain slight admixtures of cystin, tyrosin, xanthin,

or even small amounts of indigo red or indigo blue.

THE QUALITATIVE ANALYSIS OF URINARY CALCULI

A small quantity of the finely pulverized stone is heated on a

small porcelain dish or platinum foil. If the powder burns com-

pletely or leaves behind only a small quantity of ash, the stone

consists of either uric acid, ammonium urate, cystin, xanthin,

indigo, or proteid substance, or is the exceedingly rare stone com-

posed of fats, known as urostealith. Urate and xanthin calculi

give off the vapor of hydrocyanic acid, which can be recognized by

its odor. If the combustion is not complete the stone may possibly

contain some uric acid or its salts, besides calcium or magnesium

phosphate, ammonium-magnesium phosphate or calcium oxalate.

Cystin, xanthin, and urostealith stones contain little or no in-

organic matter. The further course of the analysis depends upon

the results obtained by heating the stone.

I. The calculus leaves no residue on heating, or only a very

slight one.

A fresh portion of the powder is warmed with 30 per cent,

hydrochloric acid.

a. The powder dissolves completely, or almost completely, in

which case the stone consists of cystin or xanthin.

To identify cystin, a small fragment of the powder is dissolved

in ammonia, the solution filtered, and allowed to evaporate slowly

in a watch-glass. The residue w^hen examined by the microscope

will show flat hexagonal crystals.

To test for xanthin, dissolve a small quantity of the powder

in nitric acid and dry carefully over a small flame. In case xanthin

is present a lemon yellow residue is left, w^hich becomes intensely

red when touched with a drop of concentrated sodium hydrate.

If water be added to the mixture a yellow solution is produced

which on being evaporated again leaves behind a violet red residue.

(Difference from uric acid.)

h. The powder does not dissolve completely in hydrochloric

acid. The mixture is filtered and the residue is washed with

water.

1. The residue on the filter is uric acid or organic matter.

The former can be identified by the murexid reaction: Evap-
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orate at a gentle heat a little of the powder with some nitric acid in

a porcelain dish. The residue assumes a beautiful purple-red

color when exposed to the fumes of ammonia, the color changing

to violet when treated with sodium hydrate solution.

2. The filtrate contains ammonium chloride. To test for

ammonia, warm the solution with sodium hydrate, when fumes of

ammonia will be given off, and can be identified by their odor and
by bluing a moistened strip of red litmus paper.

II. The calculus blackens, but combustion is not complete.

Almost all urinary calculi turn black on heating, because of a

small quantity of organic substance which is contained in prac-

tically all of them. A fresh quantity of finely powdered stone is

heated with 30 per cent, hydrochloric acid. The evolution of gas

indicates the presence of carbonates.

a. The solution is complete, which indicates that uric acid is

absent.

h. The solution is incomplete.

The residue consists of uric acid, albuminous substances,

epithelium, etc. The examination of the residue under the micro-

scope will often enable one to identify the epithelial cells. The

uric acid is determined by the murexid test and by the odor of

hydrocyanic acid produced on heating.

The solution obtained by treatment with hydrochloric acid is

to be tested as follows: A small portion is taken and tested for

ammonia. The remainder is diluted, filtered, and rendered alka-

line by ammonia. The filtrate is allowed to cool and is acidulated

with acetic acid. There is thus obtained either a clear solution

or one which is slightly cloudy and from which a white precipitate

gradually separates out. The yellow-white flocculi which are

present in the solution consist of ferric phosphate, which can be

identified by filtering off the precipitate, dissolving the residue in

hydrochloric acid, and treating with potassium ferrocyanide,

which gives a blue precipitate with ferric salts.

The white insoluble residue is calcium oxalate. It sometimes

shows characteristic crystals under the microscope, and can thus

be identified. If a considerable quantity is present it should be

collected and heated in a crucible to a red heat, when a mixture of

lime and calcium carbonate will be formed. The residue shows,

therefore, a strong alkaline reaction to moistened litmus paper,

and when a drop of hydrochloric acid is added, bubbles of car-
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bonic acid are given off. The filtrate, after the removal of the

calcium oxalate crystals, may contain phosphoric acid, calcium,

and magnesia.

1. Add some uranium acetate solution to a small portion of

the filtrate, when if phosphorus is present a yellowish white pre-

cipitate of uranium phosphate may be produced.

2. Add ammonium oxalate. A white precipitate is evidence

of the presence of calcium. The solution is warmed, the precipi-

tate filtered off, and the filtrate rendered alkaline with ammonia.

If crystals of ammonium-magnesium phosphate are produced, the

presence of magnesium can be assumed.

PARASITES IN THE URINE

The bacteria which may be found in the urine are very nu-

merous, but the important species are the colon and typhoid

bacilli, both of which may cause cystitis, staphylococci and strep-

tococci and gonococci, and the tubercle bacillus. Actinomyces

and the hooks from echinococcus cysts have been found very

rarely. In Egypt the eggs of the Distomum haematobium are not

rare in the urine, and in the tropics the embryos of the Filaria

sanguinis are moderately common in the urine of those who
suffer from the presence of these parasites in the blood.

The presence of typhoid bacilli in the urine of persons suffering

from typhoid fever has recently attracted considerable interest,

not because the presence of these bacteria incite either general

symptoms or lesions in the genito-urinary tract, but because of

the possibility that such urine may be a sovirce of further infection,

either through the hands, clothes, or drinking water. The typhoid

bacilli have been found in approximately 25 per cent^ of the cases,

the figures varying a good deal in different epidemics. As a rule

they are present only when a considerable quantity of albumin is

passing through the kidneys. The bacteria appear in the urine

from the second to the fourth week of the disease, and may persist

for a considerable time during convalescence.

The gonococcus and the tubercle bacillus are the only species

in which a morphological examination is of much value, though

rarely one may find a urine containing a pure culture of the strep-

tococcus pyogenes in which the morphology gives some clue to

the germ.

The demonstration of the gonococcus in urine is not easy, and
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the results must always be controlled by the Gram method of

staining, as diplococci can be found in all fluids which have passed

through the urethra. It must be remembered also that in staining

the gonococcus in albuminous urine, fixation at a high temperature

may result in the cocci retaining the gentian violet, while in very

acid urines organisms which are naturally Gram positive may
decolorize.!

The urine should be centrifuged and the sediment examined
by staining on the slide with the Gram stain, after fixing the

sediment to the slide, as is directed under the heading of staining

for tubercle bacilli. The other species of bacteria nmst be iden-

tified by cultural means.

Yeasts are not rare in urine containing sugar, and have no

pathological significance, except that they may produce gas in the

bladder and thus cause the patient to pass gas with the urine.

The alcohol which they produce may also cause some confusion

when testing urine for acetone.

TUBERCLE BACILLI IN THE URINE

The question of the presence or absence of. tubercle bacilli in

the urine is of very great importance in the diagnosis of tubercu-

losis of the genito-urinary tract, inasmuch as the clinical symp-

toms are often not sufficiently well marked to warrant a diagnosis.

The methods to be employed differ somewhat from those in use

for staining tubercle bacilli in sputum, because of the presence in

the urine, in a rather large proportion of cases, of bacilli which

exactly resemble tubercle bacilli in their staining reactions when

the ordinary carbol-fuchsin and acid decolorizers are used. These

bacilli are the so-called smegma bacilli, which are constant inhab-

itants of the genital mucous membranes in both sexes, and are

often found in urine passed from the bladder or even obtained by

catheter. They occur most freqviently in the region of the glans

and vulva, but also on the skin, especially about the anus, between

the toes, in the folds of the axilla and groin, and on the mucous

membrane of the mouth. They belong to the same group as the

bacilli which have been found in the exudate from the lungs in

cases of gangrene.

To differentiate between the tubercle and smegma bacillus it is

1 Libman : Proceedings N. Y. Path. Society, N. S., vol. iii, 1904, p. 227.
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necessary to use special decolorizing agents which act upon the

smegma bacillus and remove its color, without affecting the stain

held by the tubercle bacillus.

One method is as follows

:

1. Stain the dried and fixed sediment with carbol-fuchsin,

heating gently until the dye steams, but do not boil.

2. Pour off the surplus dye and decolorize with 10 per cent,

nitric or sulphuric acid.

3. Remove excess of color with strong alcohol.

4. Counterstain with aqueous methylene blue.

5. Dry and examine with an oil immersion lens. If any

bacilli are found stained red, mark the spot by a circle of water-

proof drawing ink, or determine the position by reading the co-

ordinates of a mechanical stage and leave the slide in strong

alcohol (97 per cent.) for eight hours. If at the end of that time

the bacilli in this same field still retain their red color, they are

tubercle and not smegma bacilli.

Another method is that recommended by Pappenheim, and

depends for differentiation of the two organisms on the combined

decolorizing effect of alcohol and rosolic acid (known also as cor-

allin and aurin). The technique of the procedure has been given

on page 392, but for convenience may be abstracted here.

1. Spread on a slide and fix as usual. Stain with hot carbol-

fuchsin for two minutes.

2. Pour off the surplus dye without washing, and

3. Counterstain and decolorize by pouring over the slide three

to five times the following solution:

Strong alcohol 100

Corallin 1

Saturate the above solution with methylene blue and add 20

parts of glycerine.

4. Wash off in water, remove surplus with blotting paper, and

then dry in the air and examine.

The tubercle bacilli are stained red, the smegma bacilli blue.

Certain special procedures are necessary with urine which are

not required in examining sputum. The urine should be as fresh

as possible, as the alteration of the reaction changes somewhat

the color reactions of the bacilli. It is usually necessary to cen-

trifugate a considerable quantity of the urine, and, if large amounts

of thick nucleo-albumin and pus are present, to use some method
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of softening it so that the bacilH may be deposited. The best is

that of Biedert, as given on page 394.

After the bacilH have been collected in the centrifuge tube they

should be mixed with a little blood serum or egg albumin, so that

when the slide is stained the bacilli will not be removed by the

aqueous fluids. It is advisable to employ albumin in fixing all

kinds of urinary deposits to the slide as a preliminary to staining,

as otherwise they often wash off from the slide during the neces-

sary manipulations.

In all important cases, especially before undertaking operative

procedures, it is advisable to resort to animal inoculations or to

inject tuberculin and not to depend upon the results of stains.

Large quantities of urine may be injected into the abdomen of the

guinea-pig, and in cases where there is but little pus this may be

preferable, as there is less chance of missing a possible bacillus in

so large a quantity as 10 c.c. ; but several animals should always be

injected with the same specimen, as there is considerable danger

of the animal dying of general peritonitis before any tuberculous

lesions can develop. When a considerable amount of thick pus

can be obtained it should be inserted in the groin. When several

are injected one is likely to survive the infection and go on to die

of tuberculosis should the bacilli be present in the injected fluid.

TUBERCULIN AS A MEANS OF DISCOVERING GENITO-URINARY

TUBERCULOSIS

The use of tuberculin injections to determine the presence or

absence of a tuberculous lesion has recently come widely into use.

The technique is simple. The normal temperature variations of

the patient are first determined for twenty-four hours, preferably

by observations every two or three hours. After the injection of

the tuberculin the temperature must be taken at least every two

hours or a slight reaction may be overlooked.

The old Koch's tuberculin is to be used, which is a glycerin

extract of the bodies of the tubercle bacilU, and not the newer

preparations, TR, etc.

One-half to one milligram of the tuberculin is to be injected,

the smaller quantity in children, the larger for adults. These

quantities can be easily measured by properly diluting the original

strong dilution.
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The injection should be made into the deeper tissues with a

hypodermic syringe which has been steriUzed by boihng. If after

this first injection a rise of temperature of 0.5° C. is observed, the

diagnosis of a tuberculous lesion is probable, though a good re-

action, according to some observers, requires a rise of at least

1.2° C.^ This rise regularly occurs within the first thirty-six hours

after the injection, usually within four or five hours.

If no rise is observed, a second or even a third injection may
be given with a dose not to exceed 1 milligrams ; anything above

this will cause a rise of temperature in healthy adults. A positive

result is a very strong evidence of an active tuberculous lesion in

the body ; a negative result is not quite so valuable, as in a certain

number of cases of old encapsulated tuberculous lesions, notably

in tuberculous peritonitis, a positive reaction does not occur, even

with considerable doses. This is probably due to the poor cir-

culation in such nodules, which prevents the escape of the toxins

of the bacilli and equally the entry of the tuberculin. The re-

action has been noted in cases of lepra and also in actinomycosis,

but these two conditions can as a rule be easily differentiated

from tuberculosis by the clinical symptoms and demonstration

of the specific germ.

The careful use of well-prepared tuberculin is not usually dan-

gerous. It contains no tubercle bacilli. Some observers, how-

ever, have noted that the pulmonary symptoms in phthisis have

been aggravated by the injection, and cases of serious collapse

after the injection, while rare, have occurred. . It is well, therefore,

to limit the use of this powerful agent to such cases as need an

immediate diagnosis either as a preliminary to operative interfer-

ence or to climatic treatment.

CHANGES IN THE URINE IN DISEASES OF THE GENITO-
URINARY TRACT

Cystitis.—In cystitis of a moderate grade the urine is usually

slightly acid and free from albumin. There is a slight diffuse

cloud which contains only a moderate number of leucocytes and a

few bladder cells. In more severe cases the reaction is usually

alkaline to litmus or becomes so soon after passing, and the amount
of deposit is considerable. A trace of albumin is present.

In advanced cases of acute cystitis, the urine is dark from the

^Zupnik: Deut. Arch. f. klin. Med., Bd. Ixxxvi, 1903, p. 297.
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presence of altered blood pigment, and the leucocytes are usually-

softened down to a stringy mass which may even be so thick as

to make the urine difficult to pour from one vessel into another.

In the thick sediment may be found large numbers of triple phos-

phate crystals and bacteria of all sorts. In uncomplicated tuber-

culous cystitis the amount of pus is not very great and the urine

is usually acid in reaction.

An acute membranous cystitis is occasionally seen in which

more or less complete casts of the bladder may be passed. These

casts are composed of necrotic epithelial cells, fibrin, pus, and

bacteria.

Gonorrhoea in the Male.—In the acute stages in the male the

thick, creamy pus which can be expressed from the meatus by

pressure along the course of the urethra, is composed of large

numbers of neutrophilic pus cells, and mingled with them an

abundance of eosinophile cells. The cells are not all polynuclear,

but the mononuclear appearance is due most often to the nucleus of

the polynuclears collecting at the center of the cell and not remain-

ing distributed through-

out the cell body, as is

the case in the circulat-

ing blood. The biscuit-

shaped pairs of the gono-

cocci can be seen in the

bodies of the leucocytes,

and occasionally in the

bodies of the large epi-

thelial cells which have

desquamated from the

surface of the urethra.

The smears of the pus

can best be made by

spreading with the edge

of another slide just as in

smearing blood.

If the discharge is not

abundant or only present

as a morning drop, the patient should be given two glass sUdes

with the instruction to collect any discharge between the two

slides, fasten them together by a rubber band and bring them for

41

Fig. 168.

—

Gonococci from Urethral Pus.

Stained by the Jenner method. Magnified

1.200 diameters.
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examination. The slides are then separated and a fair smear of

the pus will be found on each.

The simplest and most convenient stain for the routine ex-

amination of gonorrhceal discharges is the Jenner stain, which

fixes and stains at the same time. But inasmuch as there are

diplococci in the urethra which are morphologically so similar to

the gonococcus that a differentiation is impossible, it is necessary

in doubtful cases to resort to a differential stain. This is especially

true of chronic gonorrhoeas of long standing, in which a secondary

infection, or at least the growth of other bacteria, takes place.

The stain which is used to distinguish between the gonococcus

and the various cocci is that bearing the name of Gram. The

details of the stain will be given under Exudates (page 640).

A very few cases have been reported in which a patient suf-

fered from a urethritis, the discharge from which contained diplo-

cocci which closely resembled the gonococcus in morphology and

decolorized with Gram, and yet were not gonococci, as was show^n

by cultural tests. Nevertheless these cases are so extremely rare

that under ordinary conditions such a possibility may be neglected,

and biscuit-shaped diplococci found in pus cells from a vaginal or

urethral discharge and decolorizing with Gram may be considered

as gonococci. The only cocci which at all resemble the gonococcus

in their morphology and reaction to Gram are the meningococcus

intracellularis of Weichselbaum, found in the pus from the

meninges of cases of epidemic cerebro-spinal meningitis, and the

micrococcus catarrhalis. Both of these organisms differ in their

cultural characteristics from the gonococcus. The micrococcus

catarrhalis does however incite a subacute or chronic urethral dis-

charge of the mucoid character and without many pus cells. These

cases are rare, and can only be positively distinguished from true

gonorrhoea by cultivating the organisms.

As an attack of gonorrhoea becomes chronic the appearance

of the discharge changes from the thick, creamy pus of the earlier

stages to a thin, stringy fluid containing fewer pus cells and

more mucus and epithelium. The gonococci also become fewer

in number, and may entirely disappear from the penile discharge,

which is often only present in the morning as a morning drop. If,

however, the urine of such a case be collected and carefully

examined, long threads will be found in it, and these threads

frequently contain the gonococcus.
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Fig. 169.

—

Urethral Threads.
Twice natural size.

The threads are of two varieties, one composed chiefly of

mucus covered with a moderate amount of epitheUum, and the

other, as a rule, thicker, shorter, and more opaque, and com-

posed very largely of pus cells.

Very short, comma-like
threads are also seen, which

are derived from the glands

of the urethra and the pros-

tate, and covered largely with

cylindrical epithelium, which

often shows hyaline degenera-

tion. The exact site of origin

of these threads may be deter-

mined by having the patient

pass his urine into two glasses

;

the threads in the first will be

washed out of the anterior

urethra by the stream of urine,

while the urine in the second glass will contain the threads from
the posterior urethra and the prostate.

Another method of obtaining the prostatic threads is to mas-

sage that organ through the rectum after the patient has passed

a little urine, and then, after the massage, to have him wash out

the prostatic threads by means of the remaining urine. The
careful examination of these threads is of the greatest importance

in deciding whether a case of chronic gonorrhoea is cured or not.

The gonococci often persist in the glands of the urethra when
they have disappeared from the mucopurulent fluid which can be

obtained from the meatus.

The presence of mucous threads in the urine is, however, no

proof of the existence or previous existence of a gonorrhoea.

They may be seen in moderate numbers in the urine of persons

who have never suffered from that disease, but who from sexual

excess or masturbation have kept up a chronic congestion of the

urethra. The threads in these non-infectious cases may contain

a few bacilli or cocci, which are positive to Gram, and are

merely accidental inhabitants of the urethra.

Gonorrhoea in the Female.—The localization of the germ in

acute gonorrhoea in the female varies a good deal, depending upon

the age of the patient. The acute gonorrhoea of infants is usually
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in the conjunctiva, while that of small girls is usually in the vagina,

and that of adults, in the majority of cases, either in the urethra,

the cervix, or the vulvo-vaginal glands of Barthohn.

In chronic cases in adults the vulvo-vaginal glands are infected

in a large proportion of the cases. In the adult the infection

frequently invades the uterus and the tubes, and the gonococcus

may be obtained in pure culture from these situations. The

diagnosis of gonorrhoea from stained specimens is more difficult

in the female than in the male, and especially in the chronic cases,

and the precautions to avoid error by the use of the Gram stain are

even more important, because of the large flora of the female

genital tract.

In the vulvo-vaginitis of small girls the presence of the gono-

coccus is very easy to determine, as a rule, in the abundant puru-
'

lent discharge from the vagina.

In adults, gonorrhceal vaginitis is very rare. Pus for ex-

amination in chronic cases should be obtained from the cervix or

urethra by means of a sterile platinum loop or by a small sterile

swab of cotton, and the resulting fluid smeared on a slide, fixed

and stained by Gram's method.

Chronic Prostatitis.—The amount of deposit which may be

obtained after the massage of the normal prostate and the washing

out of the urethra by the urine is very small, and consists chiefly

of epithelium, strings of mucus, and a few amyloid bodies and

spermatozoa expressed from the seminal vesicles. The amount

which may be obtained from a case of chronic prostatitis is much
larger, and can often be obtained from the meatus after massage

without any mixture of urine. When examined micros(;opically

this fluid will be found to contain, besides many epithelial cells,

large masses of hyaline material and amyloid bodies from the

prostate, lecithin granules, spermatozoa, and finally the so-called

'^ Bottcher's " crystals. These are needle or whetstone shaped

crystals which are peculiar to the prostatic fluid and give it its

characteristic seminal odor. These crystals are phosphates of an

organic base and can not usually be demonstrated in the prostatic

sediment when obtained from the urine, but only when in pure

form as expressed from the meatus after prostatic massage. They

are soluble in alkalies and formaldehyde, which distinguishes
^

them from the Charcot-Leyden crystals. Their formation is

hastened by the addition of a few drops of a 1 per cent, solution of
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ammonium phosphate and allowing the mixture to dry slowly

under a cover glass.

A reaction which is useful in determining the presence of sper-

matic fluid is as follows

:

Florence Reaction. ^—The reagent consists of a mixture of

iodine, 2.54; potassium iodide, 1.65; distilled water, 30. The

iodine should be washed with distilled water before dissolving.

^ /
^ \

/

1

-

»

H "" *»>.

J
Fig. 170.

—

Crystals Obtained in Spermatic Fluid with Florence's Reagent.

The suspected stain is cut or scraped off the cloth or tissue to

which it is attached and placed on a slide. A few drops of the

reagent are added and the preparation promptly examined with

a medium power lens. The crystals which are formed are single

lance-shaped bodies or rosettes of the same; also double lance-

shaped or pyramidal forms, and finally, small rhombic crystals.

All are of a dark brown color.

The reaction is given very promptly by human semen ; also

by that of animals, though less characteristically, and finally by

extracts of organs, especially the liver and brain, crushed insects,

etc., and even by fresh extracts from vegetable seeds, but not by

Arch. d'Anthropologie, tome x and xi, 1896.
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uterine or vaginal secretion nor by that from the nose or throat.

Bocarius^ has shown that the crystals are due to cholin which

is contained in the seminal fluid and also in organic extracts.

The reaction can be obtained from traces of human semen whether

it be fresh or has been dried. Specimens twenty-two years old

have given the reaction, and even putrefaction of the semen does

not prevent a positive reaction. The value of the test is there-

fore dependent upon the proof that such substances as give the

reaction have not been mixed with the stain to be tested.

V. FUNCTIONAL EFFICIENCY OF THE KIDNEYS

The exact determination of the functional efficiency of one

kidney or of both kidneys acting together is of interest from two

points of view: first, because of the great importance of these

organs as the channel through which the excretion of the nitro-

genous substances, salts, and fluids of the body largely takes place,

and the marked clinical symptoms which arise when this excre-

tion is interfered with; and, second, because one healthy kidney

is capable of taking over the work of the other, thus permitting

the surgical removal of the diseased organ.

The procedures which we employ for this purpose are of two

types

:

1

.

We may determine whether the two kidneys taken together

are sufficient for the needs of the body metabolism. The result of

such a determination does not, however, furnish any hint of the

individual capacity of the two organs—in other words, does not

tell us whether the kidney which is to be left in situ possesses suf-

ficient secretory capacity to carry out the work of the body in

removing waste products.

2. We may determine the efficiency of each kidney and thus

discover whether the organ which is to remain in the body is capa-

ble of successfully carrying on its own work and also that of the

diseased kidney which is to be incised or removed.

3. By chemical or physical examination of the blood, we may
determine the presence or absence in that fluid of an excess of

metabolic products which under normal conditions are excreted

by the kidneys and in certain types of disease are retained in the

» Zeit. f. phys. Chemie, Bd. xxxiv, 1902, p. 339.
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blood by the impermeability of the kidney filter. This method
furnishes no information concerning the relative condition of

either kidney, except that both together are sufficient or insuffi-

cient.

DETERMINATION OF EFFICIENCY BY THE EXAMINATION
op MIXED URINE FROM BOTH KIDNEYS

The method by which the determination first mentioned is

obtained is usually based upon an examination of the combined
urine as it is passed from the bladder, and is the conventional

microscopical and chemical procedure used in clinical medicine

for the determination of the presence of abnormal constituents

or a reduction in the excretion of the normal substances.

The presence of albumin and casts in a mixed urine, for exam-

ple, furnishes us with an evidence of kidney insufficiency and also

signifies a lesion of one or both kidneys, yet an accurate estimate

of the efficiency can not be made from mere quahtative determina-

tions. For example, a tuberculous kidney may permit the trans-

udation of a large amount of albumin and the formation of numer-

ous casts, and yet the remainder of the kidney substance, which is

not affected by the tuberculous process, may be quite sufficient to

excrete an abundance of urine and that of good quahty, so that

if the urine from this kidney is separately collected and examined

it will be found that it has nearly the same specific gravity, and is

the same in quantity as that produced by the other and healthy

organ. CUnical instances of this fact are seen when one tuber-

culous organ has been removed, and the other, though slightly

involved by the same infection, is found to be perfectly able to

carry on the work of removing the metabolic products and to allow

the patient to resume his vocation.

An illustration of exactly the opposite type is seen in advanced

chronic nephritis where the urine may contain only an occasional

cast and a trace of albumin and yet the kidney efficiency be reduced

to the very lowest limit consistent with the continuance of the

patient in an apparently normal condition, while the slightest

additional strain thrown upon the kidneys, such as the taking of

an anaesthetic, will precipitate an acute exacerbation of the dis-

ease or an attack of uraemia. The casts and the albumin evi-

dently furnish no accurate quantitative measure of the efficiency

of the kidneys.



624 THE UEINE

It is possible also that although the urine contain albumin

and numerous casts, these evidences of renal disease may be partly

or even wholly derived from one kidney, the other organ being in

a fairly healthy condition. An examination of the mixed urine,

therefore, throws no light upon the condition of either kidney,

but only upon both taken together.

SPECIAL METHODS USING MIXED URINE

Nitrogenous Excretion through the Kidneys.—One sees in the

literature continued references to the fact that the determina-

tion of the amount of nitrogen excreted will enable one to judge of

the conditions of the kidneys. A diminution in the normal excre-

tion is said to point to a lesion of the renal tissue. It is first neces-

sary to decide what must be considered as a normal excretion,

first, of urea, and second, of the total nitrogen.

The results of careful analyses made of the urine of patients

who are on a measured and constant diet have shown that the

amount of urea and the amount of nitrogen excreted depends

largely upon the composition and amount of the food, and upon

other conditions—for example, the amount of fluid taken, the

amount of exercise, and the bodily weight of the patient. The

important thing to note is that there is no fixed quantity of urea

or nitrogen excreted.

The human body excretes either exactly as much as it takes

in, or, in the case of febrile conditions, wasting diseases, and

diabetes, more than it takes in, for the reason that there is a

breaking down of the proteid tissues of the body; or, finally, it

excretes less than it takes in. This retention of nitrogen is noted

in healthy persons where the body is storing away proteid and

gaining weight. In such conditions the nitrogen is stored, not

excreted, and the urea excretion may be low as compared with the

amount of urea which can be derived from the proteid taken in in

the food. It must be remembered that normal people do not

excrete urea in a constant way, but retain a certain amount for a

few days, then excrete the excess, then accumulate again. It

must also be remembered that a variable amount of the nitrogen

of the body is excreted in the faeces, and without careful analysis

of this excretion it is impossible to judge of the total nitrogen

removed from the body.

It has been shown by careful analyses in cases suffering from
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various forms of nephritis that there may be nitrogen retention

in these cases, but that there may be also periods of excessive

ehmination, so that a single examination does not furnish any

clue as to the occurrence of nitrogen retention. The type of the

disease is also of importance, for in uncomplicated cases of chronic

parenchymatous nephritis there is usually no nitrogen retention,

while in interstitial nephritis there is often a marked retention of

the nitrogenous substances, though not until the later stages of

the disease.

All analyses without previous determination of the nitrogenous

intake are quite useless, for the amount of fluctuation even in

nephritics may be no more than appears in normal persons.

^

Excretion of Chlorides by the Kidneys.—The results of the

analysis of the chloride excretion in cases of health and disease

have not furnished us with facts of value in diagnosing the per-

meabiUty of the kidneys. C. v. Noorden 2 has not noted a reten-

tion. Widal has found a marked retention in cases of nephritis

with oedema. Other observers have obtained variable figures.

(See also page 424.)

The Determination of the Freezing Point of the Urine.—
This method, which gives us an accurate means of determining

the total molecular excretion of the kidneys, is possibly of more

value than the analysis of the excretion of a single constituent of

the urine, and the results can be obtained more quickly than by

purely chemical means. But the freezing point varies so greatly

even in health, or in diseases other than nephritis, often depending

upon the amount of food and water taken by the patient, that the

low freezing points occasionally seen in the urine of nephritis can

not be relied upon as furnishing definite diagnostic hints.

The Excretion of Substances Artificially Introduced into the

Body.—The first of these substances is methylene blue, which is

excreted by the kidneys partly in the form of a colorless chromo-

gen which must be heated with acetic acid in order to bring back

its blue color, and partly in the form of the original substance.

' For further details see Kohler : Arch. f. klin. Med., 1900, Bd. Ixv, p. 542;

Casper u. Richter : Funktionelle Nierendiagnostik, Berlin, 1901; v. Noorden

u. Bitter : Zeit. f. klin. Med., 1891, Bd. xix, p. 197 ; Strauss : Die chron. Nieren-

entziindungen, Berlin, 1902; v. Koziczkowsky : Zeit. f. klin. Med., 1903, Bd. li,

p. 287.

2 Sammlung klin. Abhandlungen, Heft 2, Berlin, 1902.
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It has been found that in cases of chronic interstitial nephritis

after the injection of 0.05 grams of the medicinal preparation of

the dye the excretion of the methylene blue is delayed for a very
considerable time, even as long as three hours. In parenchyma-
tous nephritis there is no alteration in the time of excretion.

Some cases, however, of advanced interstitial nephritis have been
found to exist which excreted methylene blue in the same quantity
and in the same time as normal persons ^ ; that is, in about 15 tc

30 minutes.

Indigo-carmine has also been suggested for use in testing the

efficiency of the kidney,^ especially in connection with cystoscopic

examination of the mouths of the ureters. If after an intramus-

cular injection of 0.05 grams of this substance the stream from
the ureter of one side is colored before that of the other, it has

been assumed that a lesion of the renal tissues exists on the side

on which the excretion has been delayed. If no blue color appears

on one side, it is justifiable to conclude either that the kidney of

that side is absent, that the ureter is completely blocked, or that

the kidney substance is so completely destroyed by disease that

no urine can be produced. The procedure, however, is too new to

permit of thorough investigation, and while some surgeons have

obtained satisfactory results the method has not escaped sharp

criticism.^

DETERMINATION OF EFFICIENCY BY EXAMINATION OF
URINE FROM EACH KIDNEY

The determination of the efficiency of the individual kidney

depends naturally upon the possibility of collecting the secretion

of each kidney separately and during exactly the same period of

time. Then, as each organ is elaborating and excreting the prod-

ucts of metabolism of the circulating blood which furnishes each

kidney with a fluid of exactly the same physical and chemical

qualities, any difference in the urine secreted by either one will

^ See Achard et Castaigne : L'Exam. clin. d. fonctions renales, L'oeuvre

m^dico-chirurgical, Paris, 1900 ; Landau : Zeit. f. klin. Med., 1902, Bd. xlvi,

p. 210.

2 Voelcker u. Joseph : Miinch. med. Woch., 1903, p. 2081.

3 Karo: Monatsbericht f. Urol., Bd. ix, 1904, p. 1.
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furnish a clue to the relative amount of work which each is

capable of performing.

The means of obtaining urine from each kidney under fairly

normal conditions are the separate collection of the urine from

each ureter by one of the so-called segregators or by direct cathe-

terization of the ureters. If both ureters can not be catheterized

for any reason, the catheter can be placed in one and the urine

from the other kidney allowed to collect in the bladder and with-

drawn by a second catheter. When working, however, with spec-

imens of urine obtained under these conditions minor variations

in composition are of much less importance than when each ureter

can be catheterized.

The condition of the most importance, which must always be

fulfilled, is that the urine be collected simultaneously from each

kidney and for an exactly equal period of time. In persons with

normal kidneys the quantity, chemical and physical properties of

the urine from each kidney are approximately the same.

The technical difficulties of both procedures unfortunately

greatly limit the usefulness of this method. Not every surgeon

can use a cystoscope or a segregator, and it may even be wise not

to submit a patient who is seriously ill to the shock incident to so

prolonged an anaesthesia as may be necessary in order to collect

sufficient quantities of urine for analysis.

Even if the urine can be obtained without placing the patient

under an anaesthetic, the reflex irritation may give rise to sup-

pression of urine or may set up circulatory changes in the renal

secretion which interfere with the tests. For example, a reflex

polyuria has been noted from one kidney after insertion of a cathe-

ter in the corresponding ureter and also a suppression from the same

cause. These phenomena have led Albarran^ to the conclusion

that in order to avoid the effects of reflex irritation in altering the

composition of the urine the fluid must be collected for a long

time—at least two hours. This is not often possible, and allow-

ance must be made for slight chemical differences.

The course of the examination of specimens of urine obtained

by ureteral catheterization is as follows

:

The urine from each kidney is preferably collected in sterilized

graduated conical centrifuge tubes holding 15 c.c. These are

^ C. R. de. TAcad., 1903, tome cxxxvi, p. 1207. See also Gobell : Munch.

med. Woch., 1903, p. 1993.
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closed by sterile corks and immediately centrifugalized. The
clear supernatant urine is then poured off, its reaction obtained,

and its specific gravity determined. This usually must be done

either by means of the Westphal balance, or better by a small

pycnometer flask which is filled and weighed on a balance. The

Saxe hydrometer may also be used. As the specific gravity of the

urine is only of value when compared with that of the other side,

the results need not be corrected for temperature, if both deter-

minations are made within a few minutes of each other.

The clear supernatant fluid is poured off from the deposit in

the tip of the centrifuge tubes and the freezing point is determined.

To do this with the Beckmann apparatus requires about 15 c.c. of

urine and twenty minutes' time. If the amount of urine is less

than 10 c.c. from one side or both, it must be diluted carefully

and the results multiplied accordingly. The values so obtained

are accurate enough for clinical purposes. If the freezing points

agree closely—that is, to within one or two figures of the second

decimal—and are both more than 1° C. below that of distilled

water, the urines may be assumed to be normal, provided the

microscopical examination shows that no casts, albumin, or sugar

are present. If the freezing point of one urine is very different

from that of the other side, an insufficiency of the corresponding

kidney is very probable. Sometimes this is temporary, as has

been observed in renal colic, when the urine regains its normal

character after the passing of the attack or after the removal

of the stone. Where the kidney is the site of a serious lesion,

however, the difference is constant and usually very marked ; the

normal side may show a depression of 1.5° C, the diseased side a

depression of only 0.10° to 0.80° C. The difference between the

freezing point of the urine from each kidney is marked in tumors

of one kidney and in kidneys in which much tissue has been invaded

by either tuberculous disease or suppuration.

The difference is often very great with a one-sided hydronephro-

sis ; but care must be taken first to drain the urine which has col-

lected in the hydronephrotic sac, and then to obtain the excretion

of the kidney direct and during a given period, for the urine in a

sac or dilated pelvis may vary greatly from that directly excreted

by the kidneys. If the freezing point of the urine from both sides

is less than 1° C. below that of water, both kidneys are probably

insufficient and the d of the blood should be determined. As a
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rare occurrence such a slight depression of the freezing point may
be observed after extreme diuresis from any cause, but this can

be easily excluded by the history.

After the freezing point determination has been made the urine

from each side should be carefully tested for albumin and sugar

by the usual methods. It must be remembered in this connec-

tion that traces of albumin may appear in any urine during the

taking of an anaesthetic, and though this is not invariable, yet it

is present sufficiently often to detract somewhat from the results

of the more delicate tests. It is better, therefore, if possible, not

to give an anaesthetic if the patient can be catheterized without.

A trace of albumin may also appear in the urine if the operator

in any way injures the mucous membrane of the ureter; or, when

the urine is allowed to flow into the bladder from one kidney, by

any injury to the bladder sufficient to cause a flow of blood. If

the freezing point determination has been made, quantitative

determination of the chlorides or urea is not absolutely necessary,

though a very considerable variation in the quantity of these

substances may be noted in urines with approximately the same

freezing point.

The deposit at the tip of the centrifuge is to be carefully exam-

ined microscopically, especially for casts and bacteria. The casts

give positive evidence of a kidney lesion ; the bacteria may furnish

a clue to the cause of the kidney lesion.

The only morphological diagnosis which is allowable is unfor-

tunately confined to two species, the tubercle bacillus and the

gonococcus. The precautions for the decolorization of the smegma

bacilli should always be taken, and the gonococcus must decolorize

by Gram. Pus corpuscles give valuable evidence; crystals and

epithelium are of httle importance from a diagnostic aspect.

Another method of obtaining a judgment upon the relative

excretory efficiency of the two kidneys is by producing an artificial

glycosuria and determining the amount of sugar excreted by each

kidney. About half an hour before the catheterization is to be

done, 5 mgm. of phlorizin dissolved in warm water or dilute sodium

carbonate solution are injected subcutaneously. This amount is

sufficient to produce a transitory glycosuria lasting for about three

hours in a person with normal kidneys, and without danger to the

patient. The action of the drug is presumed to be upon the

parenchyma of the kidney and alters the cells so that the kidney,
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it is supposed, excretes the sugar normally present in the blood.

If the amount of functionally capable parenchyma is in any way
reduced, either by a nephritis or by an inflammation of the kidney

substance or by compression by a tumor, then the amount of sugar

appearing in the urine will either be greatly reduced or in severe

cases no sugar at all will appear. The relative amounts of sugar

in the urine from the two sides is easily determined quantitatively,

either by titration or by fermentation in a suitable apparatus.

The results agree very closely with those obtained by the freezing

point method. If the appearance of the sugar in the urine is

delayed for an hour or so from either one or both kidneys, a general

lesion of the kidney parenchyma may be suspected.

DETERMINATION OF EFFICIENCY BY THE FREEZING
POINT OF THE BLOOD

We owe chiefly to Koranyi^ the enunciation of the fact that

the molecular concentration of the blood is exceedingly constant,

the depression in the freezing point being .55° to .57° C. below

that of distilled water. It has also been shown by the same

observer that in cases of nephritis there is often a retention of

molecules in ths blood, as evidenced by an increased depression

of the freezing point, which may reach even to —.75° or —1° C.

The reason for this retention is the impermeability of the kidney

tissue for the products of metabolic activity. While it has been

shown that in many cases of nephritis the freezing point is de-

pressed below the normal, yet this phenomenon is not constant

nor does it appear early in the disease, nor when the lesion is uni-

lateral. A unilateral lesion is practically not met with in the

ordinary forms of acute or chronic nephritis, but when the kid-

ney is the site of a tumor or stone, or is subject to other forms

of irritation, a nephritis may be incited in one organ and not in

the other.

A great depression in the freezing point indicates that the

kidneys are not sufficiently active to carry off the surplus mole-

cules, and no operative procedures of any magnitude should be

^ An excellent resume of the subject is contained in a short monograph
by V. Kordnyi on "Die Wissenschaftlichen Grundlagen der Kryoskopie,"

Berlin, 1904. See also Strauss: Bedeutung d. Kryoskopie f. d. Diag. u.

Therap. von Nierenerkrankungen, Berlin, 1904.
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undertaken on such a case. A number of surgeons ^ have found

that if the freezing point is much below —.60° C. or —.62° C, a

nephrectomy is hkely to be followed by death from uraemia or

suppression of urine, and yet no absolute hne can be fixed beyond
which no patient should be subjected to operative interference.

For example, Barth ^ reports a successful operation upon a patient

whose blood froze at — .62° C. The kidney removed was atrophic,

the other normal. Israel"^ also has operated. with success upon
patients with a ^ of — .60° C. It is evident that the final decision

depends much upon the skill of the operator and more upon the

nature and extent of the proposed operation. An incision, for

example, into a pus kidney should not be omitted simply because

the patient's blood freezes at —.70° C, nor should a prolonged

and difficult operation be undertaken if the freezing point is

— .60° or — .62° C. A good many nephrectomies have been car-

ried out with marked benefit to the patient's condition though

the freezing point of the blood was below — .56° C.

The choice of the anaesthetic is also important, and it should

be remembered that ether and chloroform both irritate the kid-

neys, so that nitrous oxide should be used, if possible.

A moderate depression of the freezing point has been seen in

the blood of persons suffering from chronic heart disease, from

renal colic due to calculi, with large abdominal tumors, and occa-

sionally ^ in the cachexia dependent upon the presence of mahgnant

new growths.

The same phenomenon has been observed in diabetes, in lead-

poisoning, and also during an attack of acute gout. It is evident,

however, that in the three conditions last mentioned a renal

lesion might exist without other symptoms such as casts or albumin

and thus account for the lowered freezing point.

1 Kummell u. Rumpel : Beit. z. klin. Chir., 1903, Bd. xxxvii, p. 788 ; Rum-

pel : Miinch. med. Woch., 1903, p. 19 ; Tinker : Johns Hopkins Hosp. Bull.,

1903, vol. xiv, p. 162.

2 Verh. d. deutschen Gesellschaft f. Chirurgie, 1903, p. 343.

' Mitteil. a. d. Grenzgebt. d. Med. u. Chir., 1903, Bd. xi, p. 171.

* Engel (Berl. klin. Woch., 1904, p. 828) examined thirteen cases of malig-

nant growth and found no depression below - .58° C, while Engelmann (Mitteil.

a. d. Grenzgebt. d. Med. u. Chir., 1903, Bd. xii, p. 396) found a marked depres-

sion in five out of ten cases examined, though the tumors in some of the five

cases may have exerted pressure on the ureters and thus set up changes in

the kidney.



632 THE UEINE

While, therefore, a high freezing point does not necessarily

indicate nephritis with retention, neither does a normal freezing

point of the blood indicate a normal condition of the kidneys. A
very considerable proportion of cases of uraemia show practically

normal values for the d of the blood.

An important observation bearing on this point has been

recorded by Stockman, ^ who saw a normal <^ shortly before death

in a person with advanced tuberculosis of one kidney and absence

of the other. Evidently the small portion of the kidney which

was not invaded by the disease was sufficient to remove the surplus

molecules from the blood.

It is evident, then, without presenting further data on the

subject, that while the determination of the freezing point may
frequently be of great value in the diagnosis of a renal insufficiency,

the method does not give results which can be blindly followed

as a guide, without taking into consideration many other factors,

among which the operative facihty of the surgeon and the nature

of the proposed operation are not the most unimportant.

^

The determination of the freezing point of the blood and other

methods of estimating the functional capacity of the kidneys have

not furnished us with any means of diagnosis or prognosis with

regard to puerperal eclampsia. Indeed, most observers report

that the freezing point of the blood is normal or is high—that is,

approaches the freezing point of distilled water. This is quite in

accord with the recent investigations of the pathological altera-

tions underlying puerperal eclampsia, which have shown that the

changes in the kidney are slight and relatively unimportant, while

the chief alterations have been found in the liver. It is of course

possible, however, to have a puerperal eclampsia and a coexistent

nephritis, but many cases are seen in which the renal symptoms

are unimportant.

^ Monatsbericht fiir Urologie, 1902, Bd. vii. p. 583.

2 Reports of cases and results may be found in Kovesi : Wien. klin. Woch.,

1904, p. 879 ; Van der Poel : N. Y. Medical Journal, 1904, vol. Ixxix, p. 721;

Tilden Brown : Med. and Surg. Reports of Presbyterian Hospital, vol. v,

New York, 1902 ; Krotozyner and Willard : Amer. Jour. Med. Science,

1904, vol. cxxvii, p. 821; Watson and Bailey : Bost. Med. and Surg. Jour.,

1902, vol. cxlvii, p. 609 ; KiimmeU : Arch. f. klin. Chir., 1903, Bd. Ixxii, p. 1.



PART VIII

TRANSUDATES AISTD EXUDATES

I. GENERAL CONSIDERATIONS

The examination of transudates and exudates may furnish

facts of diagnostic value in three ways : the study of the morpho-

logical elements contained in them, the identification of the bacteria

which may be present, and, more rarely, from a study of their

physical properties.

TRANSUDATES

Transudates are not due to inflammation, but to disturb-

ances in the circulation of the blood or changes in the osmotic

relations between the blood and the tissues. They are usually

transparent, light yellow fluids with a faint greenish tinge.

They frequently deposit a slight, flocculent coagulum on standing

and have an alkaline reaction.

In examining these fluids the specific gravity should be deter-

mined. It is lower in simple transudates, such as occur in the

case of a nephritis, than in truly inflammatory exudates, such as

occur in acute pleurisy. The average specific gravity is as

follows

:

In hydrothorax, lower than 1.015.

In ascites, lower than 1.012.

In anasarca, lower than 1.010.

In hydrocephalus, lower than 1.008.

In pleurisy, between 1.017 and 1.027.

In peritonitis, between 1.016 and 1.022.

Since the specific gravity is dependent chiefly upon the albumin

content of the fluid, we can roughly approximate the amount from

the specific gravity. The pleural exudates contain rarely less

than 4.5 per cent. ; those from the peritoneum, from 2 per cent.

42 6B3
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to 2.5. In transudates from the pleural cavity it is always under

2.5 per cent.; in transudates in the peritoneum, between 1.5 per

cent, and 2 per cent.

DETERMINATION OF PROTEID CONTENTS

The determination of the total albumin present in an exudate is most

accurately accomplished by coagulating the fluid after acidulation with

acetic acid and weighing the dried coagulum as is described in detail on

page 503. This procedure, however, is somewhat compUcated for clinical

purposes and the practitioner may prefer the Esbach tube.

The transudate should be considerably diluted before adding the re-

agent. It is generally necessary to add about 9 volumes of water to 1 vol-

ume of the fluid. This gives the total proteid present in the fluid, or A.

In order to obtain the proportions of albumin and globulins present,

it is necessary to precipitate the neutral fluid with a saturated solution

of ammonium sulphate.

B. The fibrinogen is precipitated by adding to 7.2 parts of the fluid

2.8 parts of ammonium sulphate solution.

C. A large proportion of the euglobulin is precipitated by adding

3.6 parts of ammonium sulphate solution to 6.4 parts of the transudate.

D. The pseudoglobulin is precipitated by the addition of an equal

bulk of ammonium sulphate solution.

After the precipitate has formed, the mixtures may be filtered and

the moist filter steamed in an Arnold sterihzer until the proteid is coag-

ulated. The excess of ammonium sulphate is removed by washing

with hot distilled water and the filters are dried and weighed, or the nitro-

gen of the coagulum and filter may be determined by Kjeldahl and the

proteid determined by multiplying by 6.25. For clinical purposes the

Esbach tube may be used,^ by adding to the mark U a sufficient quantity

of the exudate and the proper proportion of the ammonium sulphate.

After the proteids have settled to the bottom of the Esbach tube the

supernatant fluid should be removed by a pipette and the heavy ammo-
nium sulphate solution replaced with distilled water to the mark U.

The upper portion of the tube is then filled with the Esbach reagent,

a little acetic acid added, and the whole is inverted several times to mix
the fluids thoroughly and set aside for 24 hours.

B gives the fibrinogen content of the exudate.

C minus B gives the euglobuUn content of the exudate.

D minus C gives the pseudoglobuUn content of the exudate.

A minus D gives the albumin content of the exudate.

This method may also be employed in determining the relations of

the proteids in the urine and the blood.

' Oswald: Miinch. med. Woch., 1904, p. 1514.
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The proportions between the different kinds of proteids, both in the
serum of the blood and in transudates and exudates, vary considerably.
As yet we do not know the reason for such variations nor the laws
under which they occur. The table ^ which follows may, however, be of
some interest in this connection.

Pleuritis

EUGLOBTJ-
LIN

Pseudo-
globulin Albumin

Chest

:

19.7
14.8

27.2
26.3

53.1
5.8.8Cardiac hydrothorax

Abdomen

:

Cirrhosis 20.5
20.8
12.8

37.2
26.3
22.2

43 2
Cardiac transudate 52.8

64 QAscites from carcinoma

Tuberculous peritonitis 25.5
23.9

36.9
13.8

37 4
Tuberculous peritonitis 62 3

Blood Placental blood 13.1
17.0
26.7
16.1
20.0

20.97
13.0
19.8
21.4
17.7

66
serum: Umbilical vein blood 69 8

Blood from case of myocarditis
Blood from case of chronic nephritis..

.

Blood from case of chronic nephritis..

.

53.3
62.3
54.2

Tunica
vaginalis: Hydrocele fluid 4.4 13.7 81 9

A microscopic examination of transudates shows only a few

leucocytes and some normal endothelium of the pleura or peri-

toneum, generally in a condition of fatty degeneration.

EXUDATES

The strictly inflammatory exudates show great variations.

We can distinguish macroscopically, serous, chylous, and chyloid,

hsemorrhagic, purulent, and putrid. A special variety is the

diphtheritic, which is not fluid.

The specific gravity is above 1.01^; the reaction is alkaline;

the globulin quotient is often high, approaching that of the blood.

After long standing there is a deposit at the bottom of the

vessel consisting of fibrin, cells, pus, or blood. The fluid may be

stained a red color by the solution of the haemoglobin from the

red cells.

^Joachim: Wien. klin. Woch., 1902, p. 565.
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SEROUS EXUDATES

In serous exudates a moderate amount of clot separates as a

rule from the serum after it is drawn from the body. Microscop-

ically, we find a dense fibrin" network containing a few red blood

corpuscles, which may be partly or entirely derived from the

bleeding at the site of the needle puncture ; a few polynuclear

leucocytes, lymphocytes, and large mono- or polynuclear cells

from the surface of the pleura or peritoneum either single or ar-

ranged in masses.

The leucocytes, when stained by the Jenner method, show

more or less well-marked neutrophile granulations. Some of the

neutrophile leucocytes are mononuclear, but this appearance is

usually due to a modification of a normal polynuclear nucleus by
which the latter contracts into a mass instead of remaining dis-

tributed throughout the cell. This phenomenon is frequently ob-

served in other inflammatory exudates. The leucocytes and the

endothelial cells are frequently in an advanced stage of degen-

eration, depending upon the length of time which the fluid has

remained in the chest. Fatty degeneration is common in both

types of cells. In case of exudates arising in the pleura without

evident cause or after exposure to cold, tubercle bacilli will fre-

quently be found after centrifuging large quantities of the fluid

and examining the sediment ; or more easily by injecting 10 c.c.

of the fluid into the peritoneal cavity of a guinea-pig. A few

pneumococci may occasionally be found in serous exudates, es-

pecially in cases in which there has been an antecedent pneumonia.

CHYLOUS EXUDATES

Chylous exudates are seen in cases of rupture of one of the

large lymphatic trunks into either the pleural or the peritoneal

cavity, or very rarely the pericardium. The fluid in such cases

is white and milky and contains a considerable amount of fat,

which can be easily demonstrated microscopically by allowing

a little of the fluid to dry upon a slide and then staining the fat

granules by means of Sudan III or by osmic acid. If the chylous

exudate is rendered slightly alkaline with NaOH and then shaken

out with ether, the fat will be removed and the fluid become

much less opaque, though the opacity rarely clears up entirely

owing to traces of albumin which are present.
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CHYLOID EXUDATES

Exudates of this type are seen in carcinoma or sarcoma of

the intestines and peritoneum, spleen, pancreas, or ovary, in

chronic pleuritis or prohferative peritonitis, in cirrhosis of the

Hver, and in chronic tuberculosis of the peritoneum. Chyloid

exudates have also been occasionally noted in nephritis.

The fluid is not so milky white as that of the chylous exudates,

and the amount of fat which can be demonstrated is very small.

The opacity is due partly to fat, partly to the fine debris of the

broken-down and degenerated cells present in the exudate. In

some cases it has been ascribed to nucleo-albumins in suspension

in the fluid, while recently it has been shown that the turbidity

.of many of these chyloid exudates can be explained by the fact

that they contain considerable quantities of lecithin.

i

In order to test for the lecithin, a few cubic centimeters of the

fluid should be gently warmed with five parts of strong alcohol.

This precipitates the albuminous substances and dissolves the

lecithin. If the filtrate is now evaporated down to its original

bulk, the lecithin will be precipitated by the removal of the alco-

hol and the turbidity can be increased by the addition of a little

water. Fats will not dissolve in alcohol in this manner, nor pro-

duce an emulsion on evaporating the fluid, but collect in oily

drops. For the substance, lecithin, there are no simple tests.

As it contains phosphorus it is possible to demonstrate that

element by fusing the residue obtained by evaporating the alco-

holic extract with sodium hydrate and nitrate and testing the

aqueous solution of fused product with ammonium molybdate.

A yellow precipitate indicates phosphorus.

Wolf 2 has been able to isolate, from a case of chyloid ascites

due to carcinoma of the peritoneum, an ester of cholesterin-oleic

acid. The fluid did not clear up on the addition of alkali nor on

extraction with ether, but when shaken out with chloroform the

whole fluid thickened to a paste which in the course of 24 hours

again became thin, allowing the emulsified chloroform to settle

to the bottom. The ester appears to have united with the

1 See Christen (Cent, f . inn. Med., 1903, p. 181) , who holds that the turbidity

is due to lecithin,

2 Beit. z. chem. Phys. u. Path., Bd. v, 1904, p. 208.
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.

euglobulin content of the exudate, as it was with difficulty ex-

tracted from the fluid.

A further contribution to the subject has been made by
Joachim/ who found in a case of cirrhosis with chyloid ascites

a fluid which shaking with ether did not clear up. Fractional

precipitation with ammonium sulphate resulted in clearing of the

fluid in the fraction obtained between one-third and one-half

saturation ; in other words, the pseudoglobulin portion.

Lecithin could be demonstrated in the precipitate, so that it

seems probable that a combination of the pseudoglobulin and

lecithin is responsible for the turbidity in some of the cases.

It is evident that more study is needed to clear up the

chemistry of the chyloid exudates.

^

HEMORRHAGIC EXUDATES

These occur in persons suffering from hsemorrhagic diathesis,

after injuries to the chest, but most often in connection with an

active tuberculosis or with new growths of the pleura or perito-

neum. A careful microscopic examination of the fluid may there-

fore frequently give us valuable diagnostic points. Tubercle

bacilli may be difficult to find even after concentrating the fluid.

A diagnosis is best made by injecting a guinea-pig.

In cases of a new growth of the pleura it may be possible to

find small masses of the tumor which have fallen off from the sur-

face of the pleura and are drawn off with the fluid. Such masses

are exceedingly difficult to distinguish from similar masses of the

pleural endothelium, which also fall off in cases of an acute inflam-

mation of that surface. The cells derived from the new growth are

often very large, up to 120 micra. They are characterized, as

a rule, by their vacuolation, and generally lie in distinct masses.

They are usually in a state of fatty degeneration.

A valuable diagnostic point in the morphology of these cells is

the presence of mitotic figures in the nuclei. The examination of

such fragments of tumors is best done by embedding and section-

1 Munch, med. Woch., 1903, p. 1915.

2 For a thorough study of the chemistry of chyloid exudates, see Bernert :

Arch. f. exp. Path. u. Pharm., Bd. xUx, 1903, p. 32 (BibHography) ; Schulz

u. Mailer: Deut. Arch. f. khn. Med., Bd. Ixxvi, 1903, p. 599; Mosse: Int.

Beit. z. inn. Med. Fest. v. Leyden, Bd. ii, p. 299.
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ing the preparation in the usual manner, and not by attempting

to make a diagnosis with unfixed material. If it is necessary,

however, to make a preliminary diagnosis on a fresh specimen,

the best stain is a dilute aqueous solution of thionin, followed by
the examination of the mass in either water or glycerin.

In hsemorrhagic exudates which have remained for some time

in the chest we often find cRolesterin crystals. A few of these are

also usually found in old serous exudates. They are identified

by their rhombic form and notched angles. Occasionally we can

find small yellow masses of hsemosiderin, especially in exudates

which have remained for a long time in the chest.

PURULENT EXUDATES

These fluids are usually more or less yellow and thick and

deposit a considerable layer of cells on standing. They contain

numerous leucocytes, usually of the polynuclear variety, though

in gonorrhoeal pus eosinophils are abundant. The leucocytes

are frequently in a condition of advanced fatty or albuminous

degeneration, and may contain some of the bacteria connected

with the infection, notably the gonococcus, micrococcus catar-

rhalis, and the meningococcus. ^ The nuclei of the leucocytes may
be collected in a mass in the center of the cell body and thus

simulate myelocytes, though the condition is probably a degen-

erative one.

In addition to the leucocytes, pus often contains fat and fatty

acid crystals, and at times cholesterin. This substance is more

abundant in pus which is very old, as, for instance, the degen-

erated leucocyte debris from a tuberculous abscess.

The morphological examination of fresh pus is far less valuable

than the study of a stained smear. Such smears of pus can be

made either with a platinum needle or with the edge of a slide,

as in smearing blood. They are best stained with the Jenner stain,

"Which not only colors the bacteria sharply, but brings out the

granules of the leucocytes. No heat fixation is required with the

Jenner stain.

It is necessary, in endeavoring to make a morphological diag-

^ A recent study of the bacteriology of purulent exudates in the pleural

cavity by Bythell, may be found in the Journal of Pathology and Bacteriol-

ogy, 1904, vol. ix, p. 359.
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nosis of the species of bacterium present in a given specimen of,

pus, to resort to special stains, and among these the most valuable

is that known as Gram's.^

Gramas stain requires the use of two reagents, aniline water-

gentian violet solution 2 and Gram's iodine solution. The first is

composed of 5 c.c. of aniline oil, which is shaken up with 125 c.c.

of distilled water and the resulting emulsion filtered through a

moistened filter paper to remove the excess of the aniline oil which

Fig. 171.—Pus from Acute Streptococcus Peritonitis, Showing Strep-
tococci, Leucocytes, and Peritoneal Epithelium. Jenner Stain.
Magnified 1,000 diameters.

does not pass through the wet paper. To 108 c.c. of this watery

solution of aniline oil are added 12 c.c. of a saturated alcoholic

solution of gentian violet. The mixture is best used when at

least twenty-four hours old, and should be filtered before staining.

It keeps for a few days.

The Gram's iodine solution contains one part of iodine, two
parts of potassium iodide, and three hundred of water.

1 C. Gram: Fort. d. Med., 1S84, p. 185.

2 Ehrlich: Deut. med. Woch., 1882, p. 270.
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Smears of the pus are best made on a slide by means of the

edge of another sHde, as in smearing blood, or by means of a thick

straight platinum needle. They are fixed by passing six to eight

times through the flame, or until the smear side, which has been

away from the flame, is too hot for the hand to bear. The aniline-

gentian violet solution is poured on the smear for one to three

minutes, and then the excess blotted off with filter paper. It

should not be washed off. The iodine solution is then poured on

and allowed to act for from one to three minutes. The preparation

is then decolorized with strong alcohol for about five minutes, or

until all the purple has been extracted from the slide and the

smear is only faintly visible as a grayish opacity resembling ground

glass. Now, as certain bacteria, and among them the gonococcus,

give up their color to the alcohol when treated as above, it becomes

necessary to use a counterstain to make them visible. One of the

best is a saturated solution of Bismarck brown prepared by adding

an excess of the dye to boiling water. After the stain is cool it

can be left on the preparation for several minutes, as there is but

little risk of overstaining with this dye. The solution keeps only

for a few days.

Another counterstain which is easily made is a solution of

carbol-fuchsin so diluted as to be quite transparent in layers of

an inch in thickness. If used in full strength the carbol-fuchsin

would overstain everything and the preparation be valueless.

With the dilute solution it is rarely necessary to stain for more

than a few seconds to obtain a good result. If the preparation is

examined with a low power before putting on the immersion oil

and the leucocyte nuclei are found to be stained with the counter-

stain and not with the gentian violet, the preparation is a suitable

one. This does not apply to the thick portions of the smear—they

are of no value for study—but merely to the thin portions, where

the only satisfactory examination can be made.

Classification of Bacteria According to Staining Properties.—
Bacteria may be divided into two groups, according to whether

they are positive or negative to Gram. By positive we mean that

the bacteria retain the primary color or the gentian violet after

decolorization with alcohol. The term ''negative to Gram" in-

dicates that the bacteria lose the primary color after treatment

with alcohol and take up the counterstain, such as Bismarck

brown or fuchsin.
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Positive

Tubercle bacillus ^

Smegma bacillus ^

Lepra bacillus

Timothy bacillus ^

Anthrax bacillus

Tetanus bacillus

Diphtheria bacillus

Pneumococcus

Streptococcus

Staphylococcus

Saprophytic cocci of the

urethra

Negative

Colon bacillus

Typhoid bacillus

Cholera bacillus

Influenza bacillus

Friedlander's bacillus

Plague bacillus

Diplococcus intracellularis

Gonococcus

Micrococcus catarrhalis

Koch-Weeks bacillus

Conjunctivitis bacillus of

Morax-Axenfeld

The bacillus of Friedlander, the diphtheria bacillus, and the

diplococcus intracellularis are somewhat variable in their behavior

Fig. 172.

—

Gonococci in Urethral Pus. Magnified 1,000 diameters.

towards Gram's stain, and may or may not decolorize, but the

most usual type is taken in the column of the classification table.

1 These only take the Gram stain when exposed to the action of the aniline

gentian violet for twelve to twenty-four hours.
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Gonorrhoea! Pus.—From this table it will be seen that the

gonococcus is decolorized or is negative to Gram, while the diplo-

cocci of the normal or inflamed urethra are not decolorized or are

positive to Gram. In other words, if a preparation is stained

as above and small biscuit- or coffee-berry-shaped cocci are seen

in the pus cells and are stained with the secondary stain—that is,

the Bismarck brown or the carbol-fuchsin—the probabihty is that

they are gonococci, while any of the pus cocci or the cocci which

inhabit the urethra will retain the primary stain and therefore will

be colored a deep purple. The only exception to this rule is the

micrococcus catarrhalis, which, however, is rarely found in the

urethra and does not give rise to an acute urethritis clinically, but

to a chronic or subacute process which does not resemble the gonor-

rhoea! infection. Absolute distinction between the two forms of

organisms can be made only by cultural methods.

Abscess Pus.—In the pus from abscesses and other infections

a Gram's stain, or even a Jenner, will often permit of a preliminary

diagnosis of the species of bacteria present. This diagnosis m^y
be of use in surgical prognosis, and may also be of value in guiding

the further study of the material by means of cultures.

An excellent example is the pus from a case of salpingitis,

which a morphological examination will usually show to be sterile.

The uselessness of abdominal drainage under such conditions is

evident. If, however, a large number of streptococci or staphylo-

cocci can be shown to be present in the pus, the question of drain-

age becomes more important.

The pus from the buboes of a case of plague will often show the

characteristic short bacilli with marked polar staining.

CONJUNCTIVAL EXUDATES

The gonococcus is usually found in pure culture in the con-

junctival secretion of infants in cases of ophthalmia neonatorum,

and the diagnosis is comparatively easy. The rapid determination

of the presence or absence of the gonococcus in a conjunctival

secretion is of the utmost importance, as perforation of the cornea,

with a permanent loss of vision as a result, may take place in

twenty-four hours or even less after the infection.

In older children and adults a number of bacteria stand in close

causal relation to acute conjunctivitis, among them the strep-

tococcus, the pneumococcus, the diphtheria bacillus, the Koch-
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Weeks bacillus, and a bacillus resembling that found in the sputum
in influenza.

Another organism which may be present is the diplobacillus,

described by Morax and Axenfeld as the determining agent in

some forms of both acute and chronic inflammations of the con-

junctiva. The organism is a short, thick diplobacillus which is

frequently contained in the pus and epithelial cells of the con-

junctival discharge, and which is negative to Gram.

The xerosis bacillus is an inhabitant of the conjunctiva in

over 50 per cent, of healthy people. ^ This bacillus can not be dis-

FlG. 173. MORAX-AXENFELD DIPLOBACILLUS FROM CONJUNCTIVA.

(Specimen of Dr. Arnold Knapp.) Magnified 900 diameters.

tinguished by its morphology from the diphtheria bacillus, hence

the clinical appearance of the conjunctiva in cases of suspected

diphtheria is often more important than the morphological find-

ings. The strepto- or pneumococcus may be mistaken by a care-

less observer for the gonococcus unless a Gram stain is used. The

Koch-Weeks bacillus is in the form of long, slender rods which

decolorize by Gram, and which, though they frequently lie in

the pus cells, are not liable to be confused with the gonococcus.

1 See for further details, Griffith : The Flora of the Conjunctiva m Health

and Disease, Thompson-Yates Lab. Rep., vol. iv, 1901, p. 98. Also Axenfeld:

Special Bakt. d. Auges, Handbuch d. path. Mikroorganismen, Bd. iii, p. 489.
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DIPHTHERITIC EXUDATES

These exudates occur chiefly on the naso-pharyngeal mucosa

and on the tonsils. More rarely they are seen in the trachea and

larynx and in the vagina. In a certain proportion of the cases the

formation of this exudate is dependent upon the presence of the

streptococcus, but more often upon that of the diphtheria bacillus.

In a moderate proportion of the cases of true diphtheria the

bacilli may be demonstrated in smears made from the membrane

Fig. 174.

—

Diphtheria Bacilli, long form. Fifteen Hours' Growth on
Loeffler's Blood Serum. Magnified 1,000 diameters.

and stained with methylene blue. It is far better, however, to

make a preliminary culture upon Loeffler's blood serum and to

examine the growth which results.

The technique is as follows: A sterile cotton swab is rubbed

over the diseased area—which should not have been treated with

antiseptics for twelve hours previous—and then smeared over the

slanted surface of the coagulated serum, taking care not to break

up the surface of the latter. The tube is then placed in an -incu-

bator for from twelve to sixteen hours and a smear made from
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the whole surface of the growth. The smear is fixed by heat,

stained for fifteen to thirty seconds with lioeffler's methylene blue,i

and examined wdth an oil immersion lens. If a number of long,

slender bacilli with clubbed ends are present, and especially if the

staining of the bacillus is very irregular and deeply staining polar

granules are present, a probable diagnosis of diphtheria may be

made (see Fig. 174).

It will be noted that certain very definite conditions are im-

plied in the positive morphological diagnosis of the diphtheria

bacillus.

1. The smear is from a naso-pharyngeal or laryngeal exudate.

2. The growth must be for not much over sixteen hours at

incubator temperatures.

3. The bacteria must be grown upon a special medium.

4. The bacilli must show a definite morphology under these

conditions.

If the bacilli show the characteristic morphology they may be

assumed to be virulent. Tests which have been made by in-

oculating animals show that in about 98 per cent, of the cases

with characteristic morphology the bacteria are virulent.

Special methods of staining have been devised to differentiate

the virulent from the non-virulent forms of the diphtheria bacillus,

and also to separate the diphtheria bacillus from the xerosis

bacillus which is a normal inhabitant of the conjunctival sac. The

method devised by Neisser^ depends upon the demonstration of

polar bodies in the virulent diphtheria bacilli. While this stain is

useful in many cases, it does not furnish an absolute differentia-

tion between the virulent and avirulent forms, as occasionally

bacilli of both types are seen which do not stain characteris-

tically.

Neisser Method.—The cultures are preferably grown for from

nine to twenty-four hours on Loeffler's solid glucose bouillon-serum

medium at a temperature of 34° to 35° C. Smears are made in

the ordinary way, dried, and fixed by heat. They are stained for

one to three seconds in a solution containing 20 c.c. of concen-

trated alcoholic methylene blue, 50 c.c. of glacial acetic acid, and

950 c.c. of distilled water. The smear is washed in water and

1 See Appendix for the composition of this dye, and text-books on bacteri-

ology for the method of making Loeffler's glucose bouillon serum.

2 Zeit. f. Hyg., Bd. xxiv, 1897, p. 448.
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counterstained for three to five seconds with Bismarck brown
solution made up by dissolving two grams of Bismarck brown in a

liter of boiling water, cooling and filtering. The smear is then

washed in water, dried, and examined with an oil immersion lens.

By this method the diphtheria bacilli stain brown with two

fairly sharply defined, round or oval, blue granules at either pole.

Occasionally a small granule is seen in the middle of the bacillus.

The best means of determining the virulence of a culture is to

inject 1 c.c. of a two-day-old broth culture into the subcutaneous

tissues of a guinea-pig. The animal will die in one to two days if

the growth is virulent. A grayish slough is usually found at the

site of the injection and the surrounding tissues are oedematous.

The suprarenals are hsemorrhagic.

Mixed infections with the strepto- and the staphylococcus are

quite frequent, especially in scarlatina, and a careful search is

sometimes necessary to find any diphtheria bacilli in the smear.

If bacilli are found of the characteristic morphology, the case

should be regarded and treated as a case of true diphtheria.

^

While the value of throat cultures in diphtheria is very great

from the point of view of diagnosis and treatment, it is quite as

important to determine the length of time which the diphtheria

bacilli remain in the throats of persons who have suffered from

the infection, and also to determine the presence or absence of

diphtheria bacilli in the throats of those who have been in contact

with children suffering from diphtheria. In many cases diphtheria

bacilli can be isolated from the throats of healthy nurses who have

been working in diphtheria wards. ^ A slight exposure to cold or a

reduction of the body resistance by overwork may make these

persons liable to an attack of mild diphtheria. The clinical symp-

toms are often very slight, with practically no rise of temperature

and only a slight membrane, often confined to one tonsil. Such

cases are usually unwilling to be considered as contagious and to be

quarantined ; but the writer has found in a number of personally

observed cases that the bacilli are fully virulent, and in one case

was able to show vmdoubted infection conveyed by a nurse with

bacilli in the throat to a healthy child.

* For further details on the subject of diphtheria bacilli, see an excellent

paper by Beck: Handbuch der path. Mikroorganismen, Bd. ii, p. 754.

2 See on this subject a paper by Graham Smith : Jour, of Hygiene, vol. iv,

1904, p. 258.
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Cases of this type should be regarded as diphtlieria, and should

be isolated, and repeated cultures should be made from the tonsils

and pharynx, until no more diphtheria bacilli can be found.

In children, especially those who have suffered from nasal

diphtheria, cultures will reveal the presence of large numbers of

characteristic bacilli for weeks and even months after the symp-

toms of the disease have disappeared. Such children seem to be

capable of reinfecting themselves from the nasal sinuses. The

writer has seen a number of cases in which the diphtheria bacilli

Fig. 175.

—

Diphtheria Bacilli, short form. Fifteen Hours' Growth on
Loeffler's Blood Serum. Magnified 1,000 diameters.

disappeared from the throat after repeated cultures, and the child

was again transferred to the general ward of the hospital. A
few days or weeks later a free nasal discharge would be noticed,

the child's temperature would rise, and finally a membrane would

reappear in the throat. Such cases are exceedingly dangerous,

as they are capable of transmitting the disease to other children

'

in the same house or ward. It is important, therefore, especially

in those cases in which the nose has been involved in the diph-

theritic process, to make cultures from the nasal mucosa before

considering the child as free from bacteria.
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In uncomplicated cases of pharyngeal diphtheria, the bacilli

often persist in full virulence for weeks or months, and it is a

serious question for the physician to decide just what shall be

done with these children. Painting the throat with strong solu-

tions of silver nitrate will often remove the bacilli temporarily, but

reinfection may take place from one of the nasal sinuses. If

possible the child should be transferred to the country and be

kept out of doors, when the bacteria will rapidly disappear as

the child's resistance increases.

In connection with the length of time for which bacilli may
persist in the throat, some interesting statistics have been col-

lected.

In 354 cases of diphtheria out of 654 examined^ the bacilli

could not be isolated from the throat after the disappearance

of the membrane. In a few cases they could not be found a

short time before the final healing of the local process. Of the

remaining 309 cases 211 showed bacilli for ten to twenty days

after the membrane had disappeared; 51 for twenty to thirty

days ; 41 for thirty to sixty days ; 4 for sixty to ninety days, and

2 for ninety to one hundred and twenty days.

The bacteria persisted longer in mild cases. Some of the

cases showed bacilli after two or three negative cultures had been

seen. This is probably due to reinfection of the pharynx from

the nasal sinuses or the crypts of the tonsils after the surface of

the pharynx had become free of diphtheria bacilli. The bacilli

under these conditions are virulent in a large proportion of the

cases, and are capable of setting up an acute diphtheria in healthy

persons.

Pseudomembranous Angina {Vincent''s Angina).'^—A some-

what rare type of diphtheritic inflammation of the tonsils and

pharynx is occasionally met with in which two forms of bacteria

may be isolated, one a fusiform bacillus, the other a spirillum.

Apparently there is a symbiotic relationship between the two as

they are always found together.

The clinical course of the disease is very chronic and is char-

acterized by an extensive membrane of a dirty greenish color

1 Prip: Zeit. f. Hygiene, Bd. xxxvi, 1901, p. 283.

2 Plant : Deut. med. Woch., 1894, p. 920 ; Vincent : Ann. de I'lnst. Pasteur,

tome xiii, 1899, p. 609; Mayer: Am. Jour. Med. Sci., vol. cxxiii, 1902, p. 187;

Fisher : ibid., vol. cxxvi, 1903, p. 438.

43
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which may be confined to the tonsils or cover the tonsils and
pharynx. The throat in these cases resembles very much that

of ulcerative secondary syphilis. A striking symptom is the

extreme fetor of the breath.

The bacillus is a slender fusiform rod from 6 to 12 micra long,

pointed at each end, and somewhat suggestive of the diphtheria

bacillus. It usually decolorizes by the Gram method, and is not

motile.

The spirochaete is sufficiently described by its name. The
number of convolutions varies from 3 to 1 1 . It is actively motile

and negative to the Gram procedure, and occasionally it appears

as a short crescent.

Both forms of the organisms have been cultivated, and it has

been found that the cultures show a very marked fetor. The im-

portance of the recognition of these two parasites and the con-

ditions which they incite is that, as a rule, the cases are considered

as diphtheria from the clinical appearance of the membrane. It

has been found also that the diphtheria bacillus may be present

with the other forms in the membranes.

PUTRID EXUDATES

Putrid exudates are found in both the pleural and peritoneal

cavities from the entrance of pus from the gangrenous areas near

these cavities or from the perforation of ulcers of the stomach

and intestine, and also in connection with malignant tumors.

The puncture fluid is often of very offensive odor, especially in

abscesses to which the colon bacillus has easy access, as, for in-

stance, an abscess following an acute appendicitis.

Microscopically, degenerated leucocytes, cholesterin, fatty acid

needles and hsematoidin are generally found. Besides the colon

bacillus, a large number of other bacilli may be frequently identi-

fied in the puncture fluid, but, as a rule, cultural results are neces-

sary before an accurate determination can be made of the bac-

teria present. 1 Abscesses in the substance of the liver are charac-

terized, as a rule, by the absence of bacteria, by the advanced

degeneration which the leucocytes and liver cells show, and by the

^ An important paper on the bacteriology of putrid empyemas is that by
Guillemot, Halle et Rist : Arch, de med. ^xp., tome xvi, 1904, p. 571. (Bibli-

ography.)
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presence of bilirubin and cholesterin crystals as well as crystals of

leucin and tyrosin, and occasionally by the presence of the amoeba

dysenterise.

II. CYST FLUIDS

Echinococcus Cysts.—The fluid obtained by puncturing an

echinococcus cyst is, in uncomplicated cases, perfectly clear, free

from albumin, and contains a characteristically large amount of

sodium chloride, which can easily be identified by allowing a drop

of the fluid to crystallize out on a slide and examining for the

square crystals of the salt. The specific gravity varies between

1.008 and 1.013. Very rarely, no trace of any morphological

elements can be found. Occasionally only a few hsemosiderin or

cholesterin crystals and a few fatty cells are present. Usually,

however—and this is the most important point—we find, in such

fluid, remnants of the scolices of the echinococcus. When these

are absent, a careful search of the fluid will frequently reveal the

presence of small booklets derived from the scolices. These hook-

lets furnish an absolute diagnosis of the presence of the echino-

coccus embryos. (See Figs. 101 and 103, pages 360 and 361.)

Occasionally, the cyst may have become infected and the con-

tents may be bloody or purulent, in which case the finding of the

booklets is rendered more difficult.

Parovarian Cysts.—The contents of parovarian cysts are usu-

ally clear and limpid or slightly opalescent. Occasionally a faint

yellow tint is present, and still more rarely the cyst may contain

chocolate-colored blood and masses of hsematin. The specific

gravity is from 1.002 to 1.010. Pseudomucin is not present.

Albumin may be found in traces or not at all, except when bleeding

has taken place into the lumen of the cyst.

Ovarian Cysts.—The cyst contents obtained by puncturing an

ovarian cyst of the multilocular type is usually quite thick and

stringy, and shows a very variable specific gravity, which may lie

between 1.005 and 1.050. The physical properties are sufficient

for a diagnosis. The fluid contains usually a considerable amount
of albumin and also pseudomucin, which is precipitated neither

by acetic acid nor by boiling, but is precipitated by alcohol and

is distinguished from mucin by these reactions. The albumin

must be removed before this reaction can be carried out.
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If some of the alcoholic precipitate is heated with dilute hydro-

chloric acid, a substance is split off from the pseudomucin which

reduces Fehling's solution. This reducing action is due to gluco-

samine As glycogen may also be present in the alcoholic precipi-

tate, some of the substance should be dissolved in water and di-

gested at 37° C. with some saliva. If reduction is obtained the

remainder of the pseudomucin must be similarly treated to break

up the glycogen, the mixture reprecipitated and the purified

pseudomucin treated with 2 per cent, hydrochloric acid.

The cyst contents are usually of a yellow color, but may be dark

red or even of a chocolate brown. Microscopically, we find red

and white blood cells, masses of blood pigment, cholesterin crys-

tals, fatty cells, and cells containing large vacuoles. An espe-

cially valuable diagnostic point is the finding of cylindrical or

beaker cells filled with mucus.

Hydronephrosis.—The contents of the hydronephrotic sac is

usually clear, more rarely reddish or dirty yellow and somewhat
cloudy, and shows a specific gravity of 1.010 to 1.015. Urea and
uric acid are also present and only a small amount of albumin.

The presence of the urea and uric acid is only of moderate value

from a diagnostic point of view, because these two substances may
also be found in the contents of ovarian or pancreatic cysts, and

they may be lacking in an old hydronephrotic fluid. The micro-

scopic findings are, as a rule, practically negative.

Pancreatic Cysts.—The puncture fluid which is obtained from

pancreatic cysts varies greatly in its physical properties, depend-

ing upon the anatomical nature of the cyst and the length of time

the exudate has remained in the cyst cavity. The exudates which

have been rapidly formed, either in traumatic cysts or in cysts

connected with malignant new growths of the pancreas, are usually

ha^morrhagic and have a high specific gravity—that is, from 1.020

to 1.030. The color may be due to methaemoglobin, and occa-

sionally the cyst contains granular masses of hsematin produced

by the action of the digestive fluids excreted by the pancreas.

Cholesterin is occasionally present and serum albumin. Ferments

are present in the cyst contents and may be used to identify the

fluid when the exudation has existed but a short time. The con-

tents of old cysts rarely give evidence of the presence of either

the proteolytic or fat-splitting ferments. The presence of the

diastatic ferment is of comparatively little importance, because
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such ferments are present in traces in the blood and other body

fluids. Only the detection of a very rapid and extreme action on

raw starch is in any way significant of the derivation of the fluid

from a pancreatic cyst. The test as ordinarily carried out fre-

quently gives a slight reduction of Fehhng's solution, but inas-

much as pure starch solution is likely to reduce FehHng's slightly,

especially on prolonged boiUng, and as the diastatic action of the

ferments present in serous and hsemorrhagic exudates, as men-

tioned above, must be taken into consideration, the presence of

a small amount of reduced copper oxide is to be expected though

the fluid is not derived from the pancreas. If, however, the

pancreatic fluid is capable of digesting small disks of egg albumin

or fragments of fibrin, or, as suggested by Boas,i is capable of

digesting the proteids of milk when mixed with that fluid, the

presence of pancreatic secretion in the cyst contents may be con-

sidered as probable.

The milk test is carried out by mixing the cyst contents with

some fresh milk of an alkaline reaction, standing the mixture in

an incubator for several hours, precipitating the casein with acetic

acid, and carrying out the biuret test. The reaction should always

be controlled by a parallel test, using milk without the addition

of a suspected fluid.

The reaction which has been suggested by Cammidge 2 for the

detection of lesions of the pancreas, especially of interstitial pan-

creatitis, has not yet been sufl^ciently well controlled to warrant

its use as a means of diagnosis. It depends upon the formation of

crystals of an osazon after the appropriate treatment of the urine.

For details the reader is referred to the original article.

Inasmuch as it has been known for many years that normal

urines occasionally give crystals of phenylglucosazon, and as a

number of observers have obtained positive reactions by Cam-

midge's method when no pancreatic disease could be demon-

strated, the test must be considered as of doubtful value unless

supported b}^ further impartial investigations.

^ Deut. med. Woch., 1890, p. 1095.

2 Brit. Med. Journal, 1904, pp. 776 and 1462. See also Robson and Moyni-

han : Diseases of the Pancreas, 1902, p. 78.
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III. CYTODIAGNOSIS^

The study of the types and the proportions of the leucocytes in

the fluids which may be obtained from the pleural, peritoneal, and

cerebro-spinal cavities has been designated cytodiagnosis by Widal,

who, with his pupils, has contributed most extensively to the

subject.

The diagnostic value of the results obtained were at first con-

sidered to be of great importance, but recently a number of ex-

ceptions have been discovered to what were at first laid down as

rules, and while the method seems likely to take its place as a

useful adjuvant to other means of studying the exudates, it can

not in any way replace them.

TECHNIQUE

Obtaining the Fluid.—The fluids are obtained either in the

course of aspiration for therapeutic purposes, or, more frequently,

in the withdrawal of small quantities of fluid for diagnosis.

The syringe should be one which can be easily sterilized, and

preferably made wholly of glass. It is of advantage to have

needles made of an alloy of platinum and iridium, is they can be

easily sterilized by heating to redness in a flame.

For exploratory purposes it is not necessary to sterilize the

syringe other than by drawing into it some 1 to 20 carbolic acid

and then removing this substance as far as possible by sterile salt

solution or sterile water, such as can be obtained from any hot-

water tap.

If, however, the fluid is to be used for bacteriological examina-

tion also, the sterilization of the syringe should be carried out

either by heating to 150° C. or by boiling for fifteen minutes in a

1 per cent, sodium carbonate solution.

The skin over the region of the puncture should be carefully

cleaned with green soap and water, followed by ether and a 1 to

1,000 solution of bichloride.

^The literature of this subject has been collected by Brion: Cent. f. allg,

Path., Bd. xiv, 1903, p. 609. See also Labhe: Cytodiagnostic, Actualit^s M^di-

cales, Paris, 1903; also, Ravaut : Cytodiagnostic, Paris, Naud, 1901. An ex-

cellent paper on the cytology of pleural fluids with reference to the etiology

and diagnostic value, is that by Musgrave : Boston Med. and Surg. Journal,

vol. cli, 1904, p. 317.
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When the skin is exceedingly tough it may be necessary to

make a small incision with a pointed scalpel, having previously

rendered the area to be incised anaesthetic by means of a spray of

ethyl chloride. The needle is then plunged through the inter-

costal space or through the abdominal wall or into the spinal canal

between the third and fourth lumbar vertebrae. For spinal punc-

ture a needle from 5 to 10 centimeters in length is necessary, and

the caliber should be considerably greater than that of the or-

dinary hypodermic needle, for it is difficult to obtain sufficient

quantities of a thick fluid through a fine needle. There is also

the additional risk of a sudden movement of the patient breaking

the needle and leaving the tip in the tissues.

The fluid when obtained should be promptly centrifuged before

the formation of any clot. If it is impossible to examine it

promptly, the clot should be broken up by shaking the fluid in a

small flask which contains a few glass beads. Small Erlenmeyer

flasks should be sterilized at 150° C. and kept ready for use. It

has been found that the proportion of leucocytes obtained by
prompt centrifugization, and also after defibrinization, is practi-

cally the same, though Widal and Ravaut have noted that there

may be a slight diminution in the relative number of polynuclears,

which adhere to the fibrinous flocculi and are thus removed.

It is necessary to centrifuge the fluid because of the small num-
ber of cells which are usually present, the concentration of the

exudate rendering the examination much more rapid and satis-

factory. This is especially true of sero-fibrinous pleuritic and

peritoneal exudates, and also of the cerebro-spinal fluid, as but few

elements are usually present in such exudates. If possible from

15 to 20 c.c. should be withdrawn, though fair results can be ob-

tained from 1 to 2 c.c.

The fluid should always be examined within twenty-four hours,

as otherwise changes take place in the morphology of the leuco-

cytes which render recognition exceedingly difficult.^ All fluids

for examination should be kept on ice in order to avoid bacterial

growths.

The use of a high-speed electrical centrifuge permits the ob-

taining of a considerable amount of deposit in about five minutes.

A drop of the deposit in the tip of the centrifuge tube is removed

» Patella: Deut. med. Woch., 1902, p. 16.



656 TRANSUDATES AND EXUDATES

by a pipette with a long fine tip, and the drop spread on a slide and

allowed to dry in the air. It may be stained and fixed either by
the Jenner or Wright stain, or fixation may be carried out sepa-

rately with strong methyl alcohol for five minutes, and then the

preparation stained with methylene azure and eosin as for blood.

The Jenner preparations are often not very satisfactory, for

the strongly alkaline serum takes a deep blue with the methylene

blue of the dye, and this can not be easily removed by washing

without decolorization of the granules of the leucocytes. The
preparations are clearer if the sediment in the centrifuge tube is

shaken up with 0.85 per cent, saline solution and again thrown

down. This washing removes most of the serum. The smears

may also be fixed by heat either at 115° C. for ten minutes, or by
raising the slide rapidly to 140° C. as recommended by Rubin-

stein, and stained with the Ehrlich triacid dye.

CYTOLOGY OF NORMAL FLUIDS

The observer should, if possible, become famiHar with the

cells normally found in the pericardial and pleural fluids ob-

tained from healthy persons or at autopsy after death by ac-

cident. Under such conditions the cells are very scanty, but as

a rule a considerable number of red and white corpuscles are

present, the white cells being proportionately much more numer-

ous than in the circulating blood. A few endothelial cells are also

likely to be found. Large quantities of red corpuscles are usually

derived from an injury of some small vessel during the course

of the puncture, and the subsequent filling of the needle with

a small amount of blood. The proportion between the leucocytes

in normal fluids is not the same as in the blood, but no constant

rules can be made. Polynuclears, neutrophiles, eosinophiles and
h^mphocytes are all present ; but they are often so greatly altered

by maceration in the serum that they are difficult to recognize.

Usually, however, eosinophiles are very much more abundant than

in the blood.

CYTOLOGY OF PATHOLOGICAL FLUIDS

PLEURAL EXUDATES

1. Primary Tuberculous Pleurisy.—These exudates are charac-

terized by an excess of polynuclear cells during the first few days
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of the inflammation, but as it is rarely possible to obtain the exu-

date so early, this neutrophilia has been usually overlooked.

In the later stages of a purely tuberculous infection the lympho-

cytes form the major portion of the white cells. They are often

so altered that it is difficult to distinguish the cell body, but it is

usually possible to separate them easily from the polynuclear

neutrophils, and especially from the eosinophiles, the granules

of the latter being very resistant. The number of red cells found

is usually small. Endothelial cells with large nuclei and a baso-

philic cell body are present in very moderate numbers.

2. Secondary Tuberculous Pleurisy.—In case the exudate in

pleurisy is secondary to a pulmonary tuberculosis or has devel-

oped after a hydropneumothorax, the morphology of the cells in

the exudate is very considerably altered. The lymphocytes, and

especially the polynuclears, show signs of degeneration of the

nuclei often with very, marked fragmentation, and free nuclei

are also found. The endothelial cells are single and not col-

lected in masses. At times the polynuclears can be identified only

by their granules, but occasionally even these disappear. The

neutrophils are often more numerous than the lymphocytes. In

one case of a pleurisy arising in a woman, a subject of pulmonary

tuberculosis, Widal and Ravaut found 54 per cent, of eosino-

philes, 6 per cent, of neutrophils, and 40 per cent, of lympho-

cytes. The difference in these two forms of tuberculosis is

probably due to a secondary infection by the bacteria of the lung.

ASEPTIC PLEURISIES

1. Exudates of Heart and Kidney Disease.—The exudates of

heart disease and nephritis are characterized chiefly by the

presence of large numbers of endothelial cells grouped in masses

usually containing from six to ten cells, which can be recognized

by their large nuclei. The cell body is often indistinct. The

protoplasm frequently takes a pink stain with eosin. In a recent

hydrothorax these masses of cells often cover the entire field of

the microscope. In the later stages some lymphocytes appear

and the masses of endothelial cells show evidences of degeneration.

The cell bodies are often swollen or fatty or may be dissolved

in the fluid. Pulmonary abscesses, infarcts, or emboli modify

the nature of the exudate by the addition of a considerable
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number of red cells and polynuclears which may rise even to 95

per cent, of the leucocytes present.

2. Exudates Following New Growths of. the Pleura or Peri-

toneum.—The cytological formula of these exudates is not char-

acteristic, but in a few cases, masses of the new growth may be

obtained in the puncture fluid. These are often difficult to dis-

tinguish from the large endothelial cells of the pleura, but occa-

sionally mitotic figures can be seen in the cell nuclei rendering

diagnosis of a new growth very probable. The peritoneal exu-

dates which follow from the new growths are not characteristic,

and tumor cells are only rarely found.

3. Exudates During the Course of Leukcemia.—The leucocytes

found in these exudates correspond with those found in the blood.

If the exudate is due to an infection, polynuclears are usually the

most abundant. When the exudate is due to mechanical causes,

eosinophile, neutrophile and basophile myelocytes have been seen

together with a certain number of large endothehal cells. In one

case of Si^ard and Monod,i the proportions were those of the

circulating blood. In one case of ascites arising in a case of my-
elogenous leukaemia, Milchner found a very large proportion of

basophiles, more than were present in the blood. Labbe,^ in a

case of lymphatic leukaemia, found a very large number of red

cells with numerous lymphocytes, identical with those found in

the blood, but no polynuclears nor masses of endothelial cells.

4. Syphilitic Pleurisies.—Widal and Ravaut, in a case of pleu-

risy arising during the secondary period of a syphilitic infection,

found a few large endothelial cells, 22 per cent, of lymphocytes,

37 per cent, of eosinophilic myelocytes, and 6 per cent, of neu-

trophilic myelocytes.

5. Exudates occurring in connection with abscess of the liver,

rheumatism, and diphtheria have not shown any facts of interest.

SEPTIC PLEURISIES

1. Pneumococcu^s Pleurisies.—These pleurisies are characterized

by the presence of polynuclear neutrophiles in large numbers,

usually somewhat proportionate to the richness of the bacterial

infection. In the early stages a few endothelial cells may be

* Soc. med. des Hopitaux, 1900.

^Labbe: Le Cytodiagnostic, 1903, p. 53.
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found, but later the lytic action of the serum alters the mor-
phology of the leucocytes very greatly. In the later stages of

cases which are improving, the polynuclears may be replaced by
lymphocytes. If the pleurisy, on the other hand, becomes a

purulent one, the polynuclears increase in number, the nuclei

become fragmented, and the granules are often very difficult to

demonstrate.

2. Streptococcus Pleurisies.—Streptococcus pleurisies show a

large number of polynuclears and a few isolated endothelial cells.

The fluid usually becomes rapidly purulent in type, with an enor-

mous increase in the neutrophils

.

3. Typhoid Pleurisies.—Typhoid pleurisies show a consider-

able number of red cells and excess of lymphocytes, and usually

a number of large masses of endotheUal cells. In one case, Widal

and Ravaut found an increase in the eosinophiles to 23 per cent.,

associated with 66 per cent, of lymphocytes and 10 per cent, of

mononuclears and endothelial cells.

DIAGNOSTIC VALUE OF CYTOSCOPY

The results of the c5rtoscopic examination of pleural fluids

may be of very considerable diagnostic value in determining the

nature of the process inciting the exudation. The method is

comparatively simple and rapid, and can be carried out by the

practitioner with materials always at hand. It must be remem-

bered, however, that it is frequently difficult to make out the

exact type of the cells which are present. The exudate is not

always isotonic with the body fluids, and as a rule the morphology

of the cells is considerably altered by lytic processes. It is espe-

cially difficult to distinguish between polynuclear neutrophile

leucocytes with pycnotic nuclei and softened cell bodies and those

of the lymphocyte group.

Animal inoculations and cultural procedures are to be pre-

ferred in all cases before a final diagnosis, but as these are com-

plicated and time-consuming methods, the practitioner will often

find that a c3^ological study of pleural fluids will give him results

of very considerable diagnostic value.

PERITONEAL EXUDATES

A study of the cells contained in peritoneal exudates does not

furnish us with many conclusions of diagnostic value. Occasion-
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ally in general carcinosis of the peritoneal surface, masses of large

cells may be found in the aspirated fluid, sometimes containing

mitotic figures in their nuclei.

Tuberculous inflammations of the peritoneum may show either

an excess of lymphocytes or an excess of polynuclears. In acute

peritonitis the polynuclears are exceedingly abundant. The results

so far obtained from the study of the cells of the exudates from

the pericardium, the tunica vaginalis, and the joints are of but

little importance. Bacteriological examination of the fluids is

likely to furnish facts of much greater value.

IV. INOSCOPY

A method termed inoscopy/ which has been used in demon-

strating tubercle bacilU, depends upon the digestion of the fibrinous

network formed in the serous or cerebro-spinal fluids by the action

of pepsin. The clotting of the fluid extracts the bacteria by en-

tangling them in the fibrin meshwork. The fibrinous mass is

freed as much as possible from the supernatant fluid, and then

treated with about 30 c.c. of a digestive mixture, composed of

Pepsin 2 grams

Glycerin 10 c.c.

Hydrochloric acid (specific gravity, 1.18) . . 10 ''

Sodium fluoride 3 grams

Distilled water 1,000 c.c.

The mixture is placed in an incubator for twenty-four hours,

the presence of the sodium fluoride preventing bacterial growth.

As soon as the fluid has become homogeneous it is to be thoroughly

centrifuged and smears made from the deposit.

The smears are mixed with a small quantity of egg albumin in

order to fix the bacilli on the slide, and after passing nine times

through the flame, are stained in the usual manner for the demon-

stration of tubercle bacilli. The quantity of fluid used must be

very considerable to demonstrate bacilli in peritoneal or pleural

exudates. The fibrinous coagulum from four or five liters of fluid

should be employed, if possible. With cerebro-spinal or puncture

1 Jousset: Semaine M^dicale, 1903, p. 22.
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fluids the amount of fluid which can be used is necessarily much
less, but the bacilli can be demonstrated in more than half the

cases of tuberculous meningitis.

The presence of tubercle bacilli in the blood of patients suf-

fering from miliary tuberculosis has been demonstrated by allowing

30 or 40 c.c. of this fluid to flow into about 200 c.c. of sterile water.

Small fibrinous flocculi form in this mixture in a short time.

Some observers have not obtained as many positive results

as Jousset, and attention has been called to the possibility of mis-

taking small crystals of blood pigment for tubercle bacilli. It

must also be remembered that tubercle bacilli are somewhat
altered in their morphology by the digestion with an artificial

gastric juice, and do not take as deep a stain with the carbol-

fuchsin as is usually obtained.

The method is especially useful where a rapid diagnosis is

necessary. Otherwise animal inoculations are preferable.

V. LUMBAR PUNCTURE

In puncturing the spinal canal in order to obtain cerebro-

spinal fluid for diagnostic purposes, one may use either a stout

needle with a stylet, the former being connected by means of a

short rubber tube to a glass tube, or an aspirating syringe with

a needle attached. The patient should lie on the left side near

the edge of the bed with the knees drawn up as near as possible to

the chin. The needle is entered slightly to one side of the median

line between the third and fourth lumbar vertebrae. As soon as

the dural sac is reached the fluid enters the canula. The glass

tube can be attached with its rubber connection, and the height

to which the fluid rises may be determined on a graduated scale.

As soon as this is noted the glass tube can be tipped over so that

the fluid runs out into a suitable sterile receptacle. The needle

used for the purpose of lumbar puncture should be from 4 to 10

centimeters long, and with a lumen from 1 to 1 J millimeters. The

shorter and smaller needles are for children. The larger needles

should be supplied with a stylet, because it is easy to block the

end of the needle with small tissue fragments or to obtain a con-

siderable quantity of blood in the lumen, which interferes with

further diagnostic procedures. The stylet is removed when the

needle passes the dura. The length of the rubber tube is 20 to
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40 centimeters, and that of the glass tube is 10 to 15 centimeters,

with a diameter of about 2 milhmeters.

The horizontal position is preferred for puncturing, though

some recommend a sitting posture with the arms of the patient

resting over the back of the chair. In this position, however, the

pressure of the spinal fluid is difficult to measure, and sudden falls

of pressure in the spinal canal are likely to set up dangerous cir-

culatory changes.

Careful disinfection of the skin is essential as a preliminary to

the operation, and the instruments should have been thoroughly

sterilized by boiling in 1 per cent, sodium carbonate solution.

General anaesthesia is usually not necessary, but the pain of

the skin puncture may be mitigated by freezing with ethyl chlo-

ride. Passing the needle through the deep muscles of the back

is practically painless; the stretching of the periosteum and the

puncturing of the dura is somewhat painful but not seriously so.

After removal of the needle the point of puncture should be

covered by a sterile bandage or a little collodion.

The patient should be kept quiet in bed for at least twenty-

four hours, in order that equal pressure may be established in the

cerebro-spinal cavity and no unpleasant symptoms result from

the procedure.

Despite its apparent simplicity a lumbar puncture is not with-

out danger to the life of the patient. Giarre ^ noted unpleasant

symptoms in one case out of thirty-four punctures. This was in

a child two and one-half years old, who suffered from hydro-

cephalus. While the fluid was being drawn off rather rapidly

he became unconscious, but no further ill effects followed.

Gumprecht ^ reports two deaths following lumbar puncture in

children. In both cases the symptoms pointed to brain tumor,

and indicated an increase in the intracerebral pressure. Death

resulted from respiratory paralysis. In another case the needle

was broken off by a sudden movement of the patient, but without

any serious consequences. A severe pain in the back and partial

paralysis were observed, but both symptoms disappeared spon-

taneously.

The fluid from a lumbar puncture in cases of disease may
give a pressure of 200-800 mm. of water, normal being 60-100 mm.

^ Revista critica di Clinica Medica, Anno I, 1900, p. 105.

2 Deut. med. Woch., 1900, p. 386.
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Usually from 20 to 100 c.c. can be obtained. The reaction is alka-

line to litmus. It contains a trace of proteid, usually globulin,

and a small quantity of a reducing substance which in some cases

has been shown to be pyrocatechin, in others glucose. Cholin,

cholesterin, and a large amount of potassium as compared to

sodium salts have been noted. The specific gravity is about

1.005 to 1.010, and the fluid freezes at - .60° to - .65° C. In

Fig. 176.

—

Meningococcus from Spina-l Fluid of a Case of Acute Cerebro-

spinal Meningitis. Magnified 1,000 diameters.

acute inflammations of the meninges the freezing point approaches

that of the blood, i. e., — .56° C.

1. In tuberculous cerebro-spinal meningitis the fluid is usually

clear, rarely slightly opalescent. Very frequently a delicate

fibrinous clot separates in which the tubercle bacilli are especially

abundant. The best procedure is to obtain the fluid in a ster-

ilized conical tube and to centrifuge it immediately and examine

the deposit for baciUi. A positive result is obtained in about

50 to 75 per cent, of cases. The fluid usually contains a con-

siderable number of leucocytes and a few red cells. The fluid

from a case of tuberculous meningitis in the early stage may
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show an excess of polynuclear neutrophiles. Later in the course

of the disease the lymphocytes increase in number and soon are

present in a great excess. Occasionally polynuclears are difficult

to find in the fluid from meningitis of long standing. Very rarely

exceptional cases have been seen, in which, notwithstanding the

tuberculous nature of the disease and its chronic course, the

polynuclears are more abundant than the lymphocytes.

2. In acute forms of meningitis the fluid may be quite trans-

parent, especially in those cases due to the meningococcus. More

often it is somewhat opalescent, or it may contain blood; it is

rarely thick and purulent. The last condition is more common in

streptococcus meningitis. The meningococcus is identified by its

intracellular position and by the fact that it is negative to Gram.

It may be differentiated from the gonococcus by its growth on

ordinary media.

The pneumococcus is also a frequent etiological factor in the

production of an acute meningitis, and may be identified with

reasonable certainty by its form and the presence of capsules. In

rare cases the cause of the disease may be the typhoid bacillus,

which may be recognized by its agglutination under the influence

of serum from a typhoid patient.

Cytoscopic examination shows an excess of polynuclear neu-

trophiles.

3. In chlorosis, which is accompanied by severe headaches, the

pressure of the cerebro-spinal fluid is frequently quite high, and

these headaches have been cured by removal of the fluid. The

fluid shows no especial characteristics.

4. In brain tumors the clear fluid contains only a few leuco-

cytes and a trace of albumin. Sometimes cases are observed in

which the albumin is quite abundant, and occasionally an increased

amount of sugar may be found, or at least a substance which

reduces Fehling's solution.

5. The fluid which can be obtained after fracture of the skull

or after an apoplectic attack often contains a considerable amount

of blood.

VI. ANIMAL INOCULATION

The inoculation of a susceptible animal and demonstration of

characteristic lesions is one of the most certain means of verifying

the presence of small numbers of tubercle bacilli in a fluid which
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contains very few of these organisms. In a similar manner the

presence of the pneumococcus and the anthrax bacillus may be

rapidly determined by inoculating a white mouse with a little of

the suspected fluid and demonstrating the organism in stained

smears of blood. Other species may be isolated in the same way,

but the practitioner is likely to confine his investigations to the

demonstration of the tubercle bacillus.

The guinea-pig is the most suitable animal for this purpose,

and young, rather small animals are the most susceptible. The
material to be tested is to be injected either into the peritoneal

cavity or subcutaneously, according to the nature of the infection.

If, for instance, the presence or absence of tubercle bacilli in serum

aspirated from the pleural cavity is to be established, the material

should be injected into the peritoneal cavity. The number of

bacilli is likely to be small, thus necessitating the injection of at

least 10 c.c. of the fluid, and it is difficult to inject this amount
subcutaneously and have all the fluid retained. If, on the other

hand, the substance to be tested is purulent in character, or is

likely to be contaminated with other germs than the tubercle

bacillus, it is best to inject in the groin, for then, if an acute in-

fection with suppuration occurs, the wound is superficial and

easily heals after a short time, while the tubercle bacilli, if present,

go on to cause their characteristic lesions in the lymph nodes and

other organs of the body. If contaminated fluid must be injected

into the peritoneal cavity, as is sometimes the case with urine from

a suspected case of genito-urinary tuberculosis, a number of

animals should be injected, so that if some die from general peri-

tonitis, others may escape and later develop tuberculous lesions.

The post-mortem examination of the animals should be con-

ducted as follows

:

The body is to be fastened on a soft pine board either by nails

driven through the four extremities or by the use of steel hat-pins

or the small glass-headed push-pins sold by dealers in photo-

graphic supplies for pinning out flexible films. The fur of the

animal should be soaked with a 2 per cent, lysol solution to pre-

vent the hair from flying about, and in order to kill any parasites

which may be on the animal.

If cultures are to be made, the skin should be incised in the

middle line from the sternum to the pubes with sterile forceps and

scissors after a thorough burning of the line of incision. If, how-
44
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ever, merely an anatomical inspection of the tubercles and a mor-

phological examination of their contents are to be made, non-

sterile instruments may be used.

The abdominal cavity should be opened, the ribs cut through

on either side, the intestines removed by cutting off the mesentery

close to its insertion on the spinal column, and careful search

should be made for small pearly gray tubercles or yellowish gray

masses which are usually cheesy lymph nodes. One of the small

miliary tubercles may be crushed between two slides, and after

drying and fixing by heat, the smear may be stained with carbol-

fuchsin, decolorized by acid and alcohol, counterstained with

methylene blue, and examined with an oil immersion for the char-

acteristic red rods of the tubercle bacillus. The cheesy nodes

should be incised and a portion of the contents scraped out, spread

on a slide, and fixed and stained as above.

After an intraperitoneal injection the peritoneum and the

omentum will be found to be covered with larger and smaller

tubercles, and the various organs, especially the liver and spleen,

are usually abundantly filled with large miliary tubercles. (See

Fig. 177.)

Cultures should be made from the nodes if an absolute diag-

nosis is necessary for scientific purposes, but usually the demon-

stration of acid-resisting bacilli is sufficient. As a rule, not very

many bacteria will be found in the cheesy material.

When testing milk or butter, it is necessary to inoculate a

second animal with some of the tubercles, as the milk or grass

bacilli often present are capable of forming pseudo-tubercles when
directly injected into the peritoneal cavity ; but if a second inocu-

lation be made, no such tubercles will be formed in the case of the

Moeller's bacillus, while the tubercle bacillus will form character-

istic tubercles.

When the fluid to be tested is injected under the loose skin of

the inner surface of the thigh, the course of the lesion is less rapid

than when the material is placed directly in the peritoneum. The
animals usually lose weight slowly and show a gradual rise in

temperature after the first week or so. The site of the injection

usually suppurates and remains as a granulating area for some
time. The inguinal lymph nodes on the same side as the injection

enlarge during the third week and can be palpated. The infection

gradually spreads up the lumbar and retroperitoneal nodes, and



Fig. 177.

—

Dissection of Guinea-pig, Six Weeks After Inoculation in the

Right Groin with Tuberculous Material.

A, cheesy bronchial lymph node ; B, tubercles in liver ; C, large, cheesy lymph
node of the inguinal group ; D, site of inoculation ; E, small miliary tubercles

in lung ; F, spleen showing miliary tubercles ; G, tuberculous lymph node of

the lumbar group.

667
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passing under the diaphragm, involves the bronchial nodes and
the lungs during the fourth and fifth weeks. The animal often

dies at the end of the sixth or seventh week with a general tuber-

culosis of the nodes and viscera.

This method of inoculation is to be preferred to the intra-

peritoneal one in all cases where the specimen is contaminated or

when a thick deposit can be obtained from the suspected material,

or when solid tissues are to be tested, as, for example, in examining

lymph nodes for tuberculosis in cases of apparent Hodgkin's dis-

ease. The solid material can be placed in a little pocket on the

inner surface of the thigh, made by incising the skin with a pair of

scissors after lifting up a fold with the forceps. A pocket is then

formed by pushing the scissors or a platinum spear under the skin,

separating it for a centimeter from the areolar subcutaneous con-

nective tissue. The solid material or pasty sediment is then trans-

ferred to the pocket by a platinum spatula.



PART IX

MILK

I. GENERAL CONSIDERATIONS

The mammary glands of infants of both sexes secrete a small

quantity of milk for a short time following birth, and rarely a

moderate secretion of milk has been noted in non-pregnant females

and in adult males; but, aside from these few exceptions, the

secretion of milk is a function of the female after delivery.

During the course of a pregnancy a small amount of a thin,

yellowish fluid can be squeezed from the breasts, and the first

milk after delivery has much the same physical characteristics.

Chemically and microscopically, this colostrum, as it is termed, is

distinguished from milk by the presence of a large amount of fat

and salts, together with a small amount of sugar and of an albumin

coagulable by heat. Numerous large cells from the walls of the

alveoli and in a state of fatty degeneration are present. These

cells are known as colostrum corpuscles. A few neutrophile leu-

cocytes may also be found.

Normal human milk contains about 87 per cent, of water,

4 per cent, of fat, 2.5 to 3 per cent, of proteids and casein, '6 per

cent, of lactose, and a small quantity of ash, usually less than

1 per cent. The fat is the most variable factor, and is the one

most easily affected by disease. The color is a pale blue, the

reaction faintly alkaline, the specific gravity between 1.028 and

1.032. Human milk is remarkable as compared to cow's milk, in

its high proportion of sugar and low proportion of casein and ash.

The casein differs markedly from that of cow's milk in not forming

a distinct clot with acids, as does the latter, and in being coagu-

lated with difficulty by chymosin. The curd from human milk

is much finer than that from cow's milk. The casein probably

differs chemically from the casein of cow's milk. The proteids are

a lactalbumin and globulin.
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Milk is rarely sterile, but usually contains bacteria derived

from the lacteal ducts and the surface of the nipple. Micro-

scopically nothing is to be seen, as a rule, but large numbers of

fat globules arranged in small masses. ^ The composition of milk

varies during the puerperium. The sugar increases rapidly after

the birth of the child, while the fat increases slowly for several

months. The casein and albumin are very high just after delivery,

reaching nearly 9 per cent. By the

seventh day they fall to 3.5 per

cent., and at the end of the second

week to 2.3 per cent. At the end

of six or eight months the milk

begins to diminish in quantity and

to contain less fat, though the

amount of solids is increased. Of

the chemical changes which take

place in the milk during disease but

little is known, except in those con-

ditions which cause a general reduc-

tion in the nutrition of the child

and a corresponding change in the

nutritive value of the milk, chiefly

in the fat component.

11. CHEMICAL EXAMINA-
TION OF MILK

The simplest method of testing

milk is by the specific gravity and

the cream tests. A small set of

m instruments for this purpose is onE
-Holt's Milk-Testing the market and is known as Holt's
Apparatus. _;iu +..^:^„ ..^ j^ consists of twO

Fig. 178

milk-testing set

small graduated and stoppered tubes, in which the milk is to be

placed and allowed to stand for twenty-four hours, when the

amount of cream, and by this the fat, may be read off. The

normal is 7 per cent, of cream by bulk equal to 4.2 per cent, of fat.

The other portion of the apparatus consists of a small cylinder

and hydrometer float. Normal milk, if very rich in fats, will

^ Cohn : Zur Morphologie der Milch, Virchow's Archiv, Bd. clxii, 1900,

p. 187.
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have a specific gravity approaching 1.030, and milk containing

less than normal fats and other substances will also be lighter

than very rich milk, and approach 1.028 as a lower limit, so that

a diminution in specific gravity of milk may mean an increase in

the fats or a diminution in the total solids. Which of these con-

ditions is present will be indicated by the result of the cream test.

REACTION

Normal milk is amphoteric in reaction to litmus paper; that

is, it turns red litmus paper blue and blue litmus paper red. This

is due to the presence of the phosphates of the alkalies with both

acid and alkaline reaction. The milk, however, rapidly becomes

acid, and the determination of this acid is of importance, as no

milk should be Pasteurized which shows twenty-five degrees of

acidity. This acidity is due to lactic acid formed in the milk by
bacterial action, and such milk is not suitable food for young
children. An acidity of twenty-five degrees does not perceptibly

alter the taste or odor of the milk.

To determine the amount of acidity the milk should be titrated

with decinormal sodium hydroxide,^ using phenolphthalein as an

indicator. Ten c.c. of the milk should be measured into a small

beaker and diluted with 50 c.c. of water after the addition of two

or three drops of a 1 per cent, solution of phenolphthalein in alco-

hol. The acidity may be expressed in degrees by considering each

tenth of a cubic centimeter of sodium hydroxide required to neu-

tralize 10 c.c. of milk as one degree. An acidity of fifteen to

twenty-five degrees may be observed within six hours after milk-

ing, and forty-eight hours after the acidity may be as high as one

hundred degrees.

SPECIFIC GRAVITY

The specific gravity of milk may be determined either with a

special lactometer, or with one of the ordinary urinometers used in

determining the specific gravity of urine. The milk is put into a

small cylinder and the instrument is lowered into it with a slight

spin so as to avoid sticking to the side of the cylinder. When it

has come to rest the graduation on the neck is read at the surface

1 Lime-water is approximately one-twentieth normal, and may be used

instead of N/ JO sodium hydroxide.
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of the milk. The temperature of the milk should be 60° F., and

the readings should! be reduced by a table to give the correct

specific gravity.

A rough correction can be made by adding .0001 to the reading

for each degree above 60° F., and subtracting the same amount
for each degree below. For example, if the reading at 64° F. is

1.0285, the reading at 60° should be 1.0289.

The average density of cow's milk is 1.029. If the specific

gravity is less than this it may be assumed that the milk contains

either an unusual amount of cream, which may be decided by the

Babcock test, or that the milk has been watered. If the per-

centage of fat is low and the specific gravity is also low, it is safe

to assume that water has been added. If the milk tested is

heavier than 1.029 and the percentage of fat is low, it may be

assumed that the milk has been skimmed.

TOTAL SOLIDS

The total solids of the milk can be determined from the lac-

tometer readings by the following formula suggested by Babcock

:

L = last two figures of the specific gravity corrected for tem-

perature.

F = the percentage of fat contained in the milk.

SoHds not fat = -r + 0-2 F.
4

Total solids = - + 0.2 F plus F.

Another method of determining total solids is by the use of

the slide rule, such as has been suggested by Richmond. The in-

strument with full directions can be obtained from dealers in

dairy supplies.

More accurate determinations require the evaporation of a

measured bulk of milk. The residue is heated at 100° C. until its

weight is constant.

FAT DETERMINATION

The specimen of milk on which fat determination is to be made
should be obtained with certain precautions. The mixing of the

fat which has risen to the top of the bottle or the can should be

very thoroughly carried out, as otherwise the results are not

accurate. The best method is to pour the milk from the bottle
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into a large beaker and repeat this process a number of times.

Then the necessary quantity should be promptly removed by a

pipette. Milk in large cans should be poured out of the can into

another one and this repeated several times. The fat rises very

rapidly to the top and in ten or fifteen min-

utes a considerable separation has taken ^^^2!^
place, so that the upper and lower layers of

the fluid give widely distant results.

Adam's Method.—The most accurate pro-

cedure for determining the fat is as follows:

A strip of fat-free absorbent paper, twenty-

two inches long and two and one-half inches

wide, is rolled into a loose coil and fastened

by twisting a fine piece of copper or plati-

num wire about it. Five c.c. of milk is then

carefully run on to the upper end of the coil

of paper. The coil is then dried at a tem-

perature of about 100° C. for an hour.

When dry, the wire should be removed and

the coil placed in a Soxhlet apparatus and

the fat extracted with gasoline.

The fat will be removed after the appa-

ratus has been running for about two hours.

The flask is then removed, the gasoline is

evaporated at a low temperature, and the

fat determined by weight. Ether may be

used instead of gasohne, but it must be per-

fectly anhydrous,1 otherwise the milk sugar

will be extracted and increase the weight of

the fat.

Babcock Method of Fat-Testing.—The

method depends upon the destruction of the

proteid of the milk by means of strong sul-

phuric acid and the separation of the melted

fat by centrifuging the mixture. If a con-

siderable quantity of milk can be obtained the most accurate

results are procured by using the standard commercial bottles

(Fig. 179), which hold about 17.6 c.c. of milk and about an equal

Fig. 179.

—

Babcock
Milk Tube.

*See Appendix, p.
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quantity of acid. The milk should be measured out in a pipette

which holds, when filled to the mark on the stem, 17.6 c.c. After

filling the pipette the test bottle is filled by iticlining it slightly

and placing the point of the pipette in the neck of the bottle;

the milk is thus allowed to run slowly down the side of the neck,

thus providing an exit for the air in the bottle. The pipette is

allowed to drain for about

half a minute and then the

last drop is blown into the

bottle. After the milk has

been measured into the

bottle the acid should be

added. This may be done

at once, or the milk may be

allowed to stand in the test

bottle for a number of days

without changing the result.

The acid pipette or grad-

uate should contain about

17.5 c.c, and should be

filled with sulphuric acid

of a specific gravity of be-

tween 1.182 and 1.183 at

20° C. The bottle should

be inclined and the acid

poured down the neck so

as not to drop into the milk

but flow down the side and

thus avoid charring the

milk. The two layers

should now be mixed by a

combination of a rotary and

shaking motion, special care being taken not to allow any curds to

get into the neck of the bottle. The shaking should be continued

until all particles of the curd are dissolved; the liquid will then

be of a dark brown color and very hot, owing to the chemical ac-

tion of the acid on the milk. The test bottles are now placed in

a centrifugal machine and whirled for five minutes. It is well to

fill the shields of the centrifuge with boiling hot water in order

to keep the milk fat melted during the process of centrifugation.

Fig. 180.

—

Diagram
TO SHOW Method
OF Reading Bab-
cock Tube. The
reading is from A
to C, not B to C.

(Wing.)

Fig. 181.

—

Babcock
Bottle for
Skimmed Milk.



CHEMICAL EXAMINATION OF MILK 675

=r3o

t^2&

S-20

=-15

After about five minutes the machine is stopped and boiUng hot

water is added to the bottles in order to bring the fat up within

the graduated portion of the neck, and the centrifugaHzation con-

tinued for one minute. If the bottles have been kept at the

proper temperature the fat will be liquid

and clear, with a sharply formed meniscus,

and below it will be clear water. To read off

the amount, a pair of dividers are placed

with their points at the bottom of the lower

meniscus and at the upper limit of the fat

(see Fig. 180). The dividers are then placed

at the zero of the scale and the amount of

space covered by the fat is read off. Each

space of the neck of the bottle represents

two-tenths of one per cent, of fat. The

larger spaces, numbered 1, 2, 3, etc., each

represent one per cent. In testing skim milk

special bottles should be used giving readings

to one-twentieth of one per cent. (Fig. 181).

The pipette and acid measure are used and

the fat is estimated in the same way as for

full milk, except that it is sometimes desir-

able to use a little more acid.

For testing cream, bottles should be used

having a wide neck which read up to 30 per

cent, of fat, and 18 c.c. of cream should be

used instead of 17.6 c.c, as cream is lighter

than milk. In testing thick cream it is better

to weigh out 18 grams on a balance, because

of the difficulty of pouring the thick cream

from the bottles and the irregular masses of

fat. After the test has been completed the

bottles should be immediately rinsed with

hot water, and, if necessary, a little caustic

soda solution to remove traces of fat. This

should be done before the fat in the neck of the bottle has time

to harden. When small quantities of milk only can be obtained,

as in testing breast milk, smaller tubes must be used which

require only 5 c.c. or even smaller amounts.^

* See Lewi: Archives of Pediatrics, vol. xv, 1898, p. 179.

Fig. 182.— Babcock
Tube fob Cream.
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Lewi has devised a bottle for this purpose which requires

2.92 c.c. of milk. That amount of milk is measured off in the

small pipette which is provided with the apparatus and allowed to

run into the small centrifuge bottle. Six-tenths c.c. of a mixture

of equal parts of concentrated hydrochloric acid and amyl alcohol

eare then added and the bottle is then filled up to

near the top with equal parts of

sulphuric acid and water. It is

placed in a special aluminium shield

which is sold with the outfit and

which is of a suitable size to enter

the collar of the ordinary medical

centrifuge, and the specimens are

centrifuged for two minutes at

about one thousand revolutions

per minute. The addition of the

amyl alcohol aids in the separa-

tion of the fat and gives clearer

readings than with sulphuric acid

alone. The mixture keeps for

several weeks, but when it turns

dark is unfit for use and should be

freshly prepared. Each tenth of

a division on the graduated neck

of the bottle is equivalent to 0.3

per cent, of fat, so that if the

reading be one and one-tenth

division, the amount of fat present

in the milk is three and three-

tenths per cent.

It is well to make two tests

and average the results, as errors

are likely to be introduced owing to the small amount of milk

used and the difficulties connected with the reading of the column

of fat.

Another form of bottle is made to fit the conical shields of

the centrifuge. It requires 5 c.c. of milk, an equal quantity of

sulphuric acid, specific gravity 1.83, and enough of the amyl
alcohol-hydrochloric acid mixture to fill the tube. The divisions

read to two-tenths per cent. The narrow neck of these bottles

Fig. 183.— Bot-

TLK FOR Bab-
cock Test to

FIT Medical.

Centrifuge,
(Lewi.)

Fig. 184.—Small
Babcock Tube
FOR Medical
Centrifuge.
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renders them very difficult to fill and clean, otherwise they are

fairly satisfactory. ^ (Fig. 184.)

ESTIMATION OF THE SUGAR

The casein is precipitated by acidulating the milk with acetic

acid, and the albumin by boiling the acidulated mixture. The

coagulum is filtered off, and the filtrate after cooling is placed in a

burette and titrated with Fehling's solution or with Pavy's modi-

fication, as is described under Urine. It is to be remembered that

the lactose in the milk does not reduce the copper solution as

rapidly as does glucose, so that the boiling of the fluid must be

continued for some time longer than is the case with the latter

form of sugar. The reduction factor for lactose is also different

from that for glucose, and instead of 10 c.c. of Fehling's being

equivalent to 0.05 gram, it is equivalent to 0.06 gram of lactose.

ESTIMATION OF THE PROTEIDS IN MILK

Woodward has devised a simple method which is accurate

enough for clinical purposes. The milk is placed in two small

separatory funnels or milk burettes holding 5 c.c. each and allowed

to remain in the incubator for eighteen to twenty-four hours. At
the end of this time the fat of the milk will have risen to the top

in the form of a thick, viscid layer, leaving the proteid and the

sugar in solution below. The tubes are allowed to cool and the

milk is drawn off into small Esbach tubes, a sufficient quantity of

the reagent added, and the tubes centrifuged for a few minutes

until the height of the precipitate remains constant. The amount
of albumin may then be read off from the graduations on the tube

in parts per thousand. It is evident that the method is only

approximate, as the errors of the Esbach method are very con-

siderable.

The proteid in cow's milk can not be estimated in this manner
because of the coarse coagulum which is produced by the casein.

Another method of estimating the total proteids of both human
and cow's milk is by determining the nitrogen content of a meas-

ured quantity by the Kjeldahl method. As human milk contains

about 9 per cent, of non-proteid nitrogen and cow's milk about

1 For a discussion of the errors of the various methods just described, see

Shaw: Trans. Am. Pediatric Soc, vol. xv, 1903, p. 76.
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6 per cent., the quantity of nitrogen obtained by the Kjeldahl

process should be diminished by this amount and then multiphed

by 6.25 to convert it into its equivalent of proteid.

Another method which may be used for the separate deter-

mination of casein and albumin in cow's milk is as follows i^

Casein.—Ten c.c. of the milk sample are diluted with about

90 c.c. of water at a temperature of 40° C. and 15 c.c. of a solution

containing 10 per cent, by weight of acetic acid. The whole is

allowed to stand for five minutes, washed three times by decan-

tation, pouring the washings through the filter, and the precipi-

tate is finally transferred completely to the filter. If the filtrate

is not clear at first it may be returned through the filter several

times. The filter and its contents are then oxidized by the

Kjeldahl method. The nitrogen multiplied by 6.38 gives the

casein.

The albumin may be determined in the filtrate by neutralizing

a solution of sodium hydroxide, adding a trace of dilute acetic

acid, and heating the mixture fifteen minutes. The coagulum is

collected on the filter, washed free from salts, and the nitrogen

determined. The amount of nitrogen obtained multiplied by
6.25 gives the albumin.

TESTS FOR PRESERVATIVES IN MILK

It may be convenient at times to be able to test commercial

milk for certain adulterations by chemicals added to the milk with

a view to its better preservation, so that tests for the three chief

substances used are given below.

Tests for Formaldehyde.—1. Add to the suspected milk some
strong hydrochloric acid and a few drops of a 10 per cent, solu-

tion of ferric chloride; if formaldehyde is present a violet color

will appear on gently heating the mixture.

2. Place 2 c.c. of strong sulphuric acid in a test tube and add
a trace of ferric chloride; then pour on the surface of the acid

mixture a few cubic centimeters of the suspected milk in such a
way that the two fluids are not mingled but remain in layers. A
violet color at the point of juncture is an evidence of the presence
of formaldehyde.

3. Add 10 c.c. of milk to 1 c.c. of decolorized fuchsin solution,

Leffman and Beam: Food Analysis, Phila., 1901.
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shake and allow to stand for five minutes, then add 2 c.c. of hydro-

chloric acid. A violet color indicates formaldehyde.

The decolorized fuchsin solution is made by passing gaseous

sulphurous acid into a moderately strong aqueous solution of

fuchsin until the red color disappears. The sulphurous acid can

be easily generated by treating a solution of commercial sodium

bisulphite with sulphuric acid diluted w\th an equal bulk of water.

The acid should drop slowly into the bisulphite solution, and the

gas evolved is conducted by a tube into the fuchsin solution.

4. Two c.c. of milk and an equal amount of water are mixed

in a test tube and 1 decigram of phenylhydrazin hydrochloride is

added and 10 c.c. of 10 per cent. NaOH. The mixture is shaken

for a minute. If formalin is present the whole will assume a rose-

red color.

It is important to remember that all these reactions are in no

sense a test for formaldehyde; they are merely the general re-

actions for the aldehyde group, of which formaldehyde is the only

member used in the preservation of milk. There is no simple test

for formaldehyde in small quantities.

Salicylic Acid.—The use of salicylic acid is becoming less fre-

quent, especially since the acid imparts a bitter sweetish taste to

the milk, and it is being replaced by formaldehyde.

To test for the acid, the proteids must first be precipitated by
the addition of a sufficient quantity of mercuric nitrate. A solu-

tion of the latter is made up by dissolving mercury in twice its

weight in nitric acid and diluting the whole five times. The
liquid is then filtered and shaken out with about half its volume

of a mixture of equal parts of ether and petroleum ether. The
ethereal solution is evaporated and a few drops of ferric chloride

are added to the residue. A violet color indicates that salicylic

acid is present.

Boric acid and the borates are used extensively to adulterate

milk. Ten c.c. of the milk are evaporated and the residue in-

cinerated. The ash is then moistened with very dilute HCl, just

sufficient to render the solution acid. A slip of turmeric paper is

then placed in the fluid, which is evaporated over a water-bath.

If boron compounds are present, the moistened portion of the

turmeric will change to a brownish-red color.

An easier plan is to evaporate and incinerate as before, and

then to moisten the residue and, taking up a little of the latter on
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a platinum wire, volatilize the boron in a Bunsen flame. The
green flame wiU show the five green bands characteristic of boron

when examined with a spectroscope.

III. BACTERIOLOGICAL EXAMINATION OF MILK

The practitioner, even with a limited amount of apparatus

and a slight knowledge of bacteriological technique, can make ex-

aminations of milk which often offer results of considerable prac-

tical value. The problem is not to isolate pathogenic bacteria

from the milk, but merely to determine the number of bacteria of

all sorts which may be present. The results of such enumerations,

if they are high, merely show that the sample of milk examined

has been exposed to a large amount of contamination. Such milk

may at any time contain pathogenic germs derived either from a

cow, from the water used in washing the pails, or from the hands

of the milkers. On the other hand, if a specimen of milk contains

only a few bacteria, say from ten to thirty thousand to the cubic

centimeter, one may be reasonably certain that considerable care

has been used in the coflection and preservation of the milk, and

that contamination from either human or bovine sources is not

probable.

The isolation of pathogenic bacteria directly connected with an

epidemic of infectious disease has been but rarely accomplished.

Technique.—In order to enumerate the bacteria contained in

a sample of milk, care should be taken to select a representative

specimen. If the milk is in cans, one which has not been opened

should be selected and the milk poured into another can which

has been thoroughly cleansed. After the milk has been poured

back and forth for several times, the cream, which often contains

an extra allowance of bacteria, will have been thoroughly mixed

with the milk, and a sample taken will be fairly representative of

the number of bacteria to the cubic centimeter. One hundred c.c.

should be taken if fat and other tests are also to be made. A con-

venient receptacle is a small sterilized Erlenmeyer flask plugged

with cotton.

In order to enumerate the number of colonies of bacteria in

the milk it is necessary to dilute it as follows

:

A flask of nutrient bouillon is opened and 99 c.c. of its contents

are removed by a sterile pipette and placed in a second sterile
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flask. One c.c. of the milk to be tested is then added, also by
means of a sterile pipette. One c.c. of this mixture contains 0.01

c.c. of milk. A series of agar tubes should be Hquefied and brought

to a temperature of 43° C. One c.c. of the diluted milk is added

to No. 1; 0.1 c.c. to No. 2; and 0.01 c.c. to No. 3. The dilution

in No. 1 will be 1 to 100; in No. 2, 1 to 1,000; and in No. 3, 1 to

10,000. If further dilutions are necessary, 1 c.c. of the original

milk-bouillon mixture should be transferred to a second 99 c.c. of

bouillon, thus making a dilution of 1 to 10,000. One-tenth c.c. of

this will give a dilution of 1 to 100,000, beyond which it is rarely

necessary to go. Occasionally, however, for market milk, it is

necessary to dilute 1 to 1,000,000. In other words, to take 0.01

c.c. of the 1 to 10,000 mixture.

The milk is thoroughly mixed with the contents of the agar

tubes, and before the latter have time to solidify they are poured

into Petri dishes, care being taken to allow as little as possible of

the softened agar to reach the sides of the plate. As soon as the

plates have solidified they are transferred to an incubator at 37° C.

At the end of two days the colonies are counted. In plate No. 1,

containing the 1 to 100 mixture, if ten colonies are present it is an

evidence that 1,000 bacteria are contained in 1 c.c. Thirty colo-

nies in a 1 to 10,000 mixture means that 300,000 bacteria are

present in a cubic centimeter, etc.

It is convenient not to have more than 100 colonies to a plate,

as otherwise the counting becomes a matter of considerable diffi-

culty. A series of dilutions should therefore be made up, judging

the dilutions according to the probable bacterial content of the

milk. Some observers prefer to count the plates at the end of

four or five days, allowing two days in the incubator and three

days at room temperature. Much larger counts are obtained in

this way, the bacterial increase at room temperature being chiefly

due to the group of water bacteria.

The number of bacteria found in milk varies from a few thou-

sand to 10,000,000 per c.c. The lower counts are seen only in the

sealed and bottled milk from high-grade dairies, where care is taken

to sterilize everything which comes in contact with the milk.

Good country milk obtained without any especial precautions

runs from 50,000 to 100,000 within a day after milking, or often

higher, while thirty-six hours after the number of bacteria may be

very large.

^5
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In mixed milk from a single dealer as sold in cans by wholesale

in New York, the writer has found from 50,000 to 3,000,000 bac-

teria, without much relation to the time of year. The cheaper

grade of
'

' grocery '

' milk, which is often forty-eight to seventy-

two hours old, competes very favorably in its bacterial content

with sewage. Counts of 10,000,000 are not infrequent.
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THE PREPARATION OF STAINING FLUIDS

As has already been stated on page 81, it is much more satisfactory

to purchase certain stains already prepared from Grubler. This is

especially true of the Ehrlich triacid and Jenner stains, and in general it

is better to obtain all of the aniline dyes from the same source. Much
more uniform results are possible than if the dyes are purchased without

reference to the source from which they are procured. In this country,

a number of the large houses dealing in scientific apparatus keep the

Grubler dyes in stock, so that they may always be obtained without the

delays incident to importation. Care should be taken that the containers

are stamped with Griibler's name.

A number of the aniline dyes are conveniently kept in the form of

saturated solutions. The following list gives the number of grams of dye

in 100 c.c. of the solvent. The amounts are approximate only, for they

vary with different makes of the same dye, and with the temperature at

which the solution is made up. Supersaturated solutions do not always

deposit the excess of the dye on cooUng.

Fuchsin solution in 96 per cent, alcohol 3.0 grams

Gentian violet solution in 96 per cent, alcohol. ... 4.8

Gentian violet solution in water 1.5

Methylene blue solution in water 6.7

Methylene blue solution in 96 per cent, alcohol ... 7.0

Scharlach R. solution in 70 per cent, alcohol 3.2

Sudan III solution in 70 per cent, alcohol 2

Thionin solution in 50 per cent alcohol 6

Thionin solution in water 1.2

The formulae for the Ehrlich triacid, the Jenner, Wright, and other

stains which require a rather elaborate technique, have been given in

full on pages 81-90, and need not be considered here. Those which follow

have been collected for convenience of reference.

Carbol-fuchsin.—Ninety c.c. of a 5 per cent, aqueous solution of car-

bolic acid are mixed with 10 c.c. of a saturated alcohoHc solution of

fuchsin. The mixture keeps for a year or more.

683
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Gabbett*s Decolorizing Mixture.—Two grams of methylene blue are

dissolved in 100 c.c. of 25 per cent, sulphuric acid (sp. gr. 1 . 18).

Aniline Water-Gentian Violet.—One c.c. of aniline oil is shaken up

with 25 c.c. of distilled water and the emulsion filtered through a moistened

filter paper, which retains the excess of oil. Eighteen c.c. of the fluid

are mixed with 2 c.c. of a saturated solution of gentian violet in strong

alcohol. The staining mixture should be filtered before using, and keeps

only a few days.

Carbol-thionin.—Twenty c.c. of a saturated solution of thionin in

50 per cent, alcohol are added to 100 c.c. of 2 per cent, carbolic acid in

water. This is an excellent stain for bacteria as well as for the malarial

parasite.

Loeffler»s Methylene Blue.—Thirty c.c. of a saturated solution of

methylene blue in strong alcohol is mixed with 100 c.c. of a one to ten

thousand aqueous solution of potassium hydrate.

Weigert's Stain for Elastic Tissue.—Two grams of resorcin and one

gram of fuchsin (basic) are dissolved in 200 c.c. of water and the mixture

heated to the boiling point. Twenty-five c.c. of liquor ferri sesqui-

chloridi (Ph. Ger. Ill) are added and the boiling continued for five

minutes. The mixture is cooled and the precipitate collected on a filter,

dissolved in 200 c.c. of hot 95 per cent, alcohol, and, after cooling, again

filtered. Four c.c. of strong hydrochloric acid are then added and the

stain is ready for use.

Orcein Stain (Unna-Tanzer).—One gram of orcein is dissolved in

80 c.c. of strong alcohol and 35 c.c. of distilled water. After solution is

completed, forty drops of strong hydrochloric acid are to be added.

Gram's Solution of Iodine.—One gram of iodine and two grams of

potassium iodide are dissolved in 300 c.c. of water.

Stains for Fat.—Saturated solutions of Sudan III and scharlach R.

should be made up in 70 per cent, alcohol. A small amount of alkaU

added to the solution acts as a mordant and gives a somewhat denser

stain, but is not essential.

APPARATUS

Glass Utensils.—Beakers and flasks, especially the flasks used in Kjel-

dahl nitrogen analyses, should be of Jena glass. Despite its relatively

high cost, this form of glass withstands sudden changes in temperature

better than any other variety on the market, and in the long run is more
economical than the cheaper sorts. The best glassware of domestic man-
ufacture is sold under the trade names of "Nonsol" and "Baloc."

Glass rods and tubing should be of hard sodium glass, not of soft lead

glass, as the latter is easily dissolved by chemicals. " Durax '' Jena glass

should be used when platinum wires are to be sealed into the ends of tubes
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or rods. The coefficient of expansion of this glass is approximately that

of platinum, and the glass withstands sudden variations in temperature

better than ordinary varieties.

Pipettes of varying capacities are frequently used in medical chemistry,

the most convenient form being that known as the outflow pipette. That

is, the pipette is so calibrated that the desired quantity of fluid is delivered

by allowing the pipette to empty itself and then blowing out the last drop.

The ordinary commercial pipettes are, as a rule, not very accurate, and

for special analytical work either certified pipettes

should be obtained or the laboratory worker should

calibrate his own by weighing the amount of distilled

water delivered by the pipette. Almost all ordinary

pipettes deliver the fluid which they contain much

too rapidly to afford accurate results. The time re-

quired for a pipette to empty itself should be at

least 40 seconds. The best way of obtaining this

slowness of discharge is to heat the lower end of the

pipette in a Bunsen flame until the glass is softened

and contracts somewhat.

The accuracy with which the pipette deUvers the

fluid to be measured depends very largely upon its

cleanHness. If the inner surface of the pipette is

greasy, drops of water or other fluids will be retained

in the bulb, and the quantity delivered may be too

small by 1 or even 2 per cent, of the total bulk.

The best means of thoroughly cleansing the pipettes

is to allow them to stand in a tall jar containing a

mixture of potassium bichromate and sulphuric acid

(battery fluid *) for several days, then to wash with

water and allow the pipette to drain on a piece of

filter paper with the mouth end downward.

The proper form for accurate pipettes is shown

in Fig. 185, A. The shape shown in Fig. 185, B, is

incorrect, though such pipettes are convenient in ob-

taining small quantities of fluid from test tubes when accuracy is not

important, and where the fluid handled is infectious or gives off strong

fumes. The low position of the bulb enables the pipette to be filled

without aspiration.

Pipettes for measuring small quantities of fluids are often arranged so

that the w^hole content of the pipette is not allowed to run out, but the

fluid is permitted to flow until a mark on the lower stem of the instrument

V/

A
Fig. 185.

AND Incorrect
Forms of Pi-

pettes.

* Potassium bichromate or crude chromic acid, 250 grams; strong sulphuric

acid, 300 c.c. ; water, 2,000 c.c.
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is reached. The errors due to a larger or smaller drop remaining in the

tip of the pipette are thus avoided.

It is often convenient to have pipettes so arranged that a large rubber

bulb can be fitted over the upper end. The delivery of small quantities

of fluid can be more accurately accomplished than when the upper end

is closed by the finger.

If the upper end of the pipette is ground smooth it is much easier to

regulate the flow of the fluid, especially if the pipette is slowly rotated

in the fingers to permit the entrance of a small

I amount of air, than if the upper end is simply

H rounded off in a flame, as is usually the case in the

I commercial article.

H Graduated flasks for making up standard solu-

V_J^ tions are conveniently of the Giles' type (see Fig.

^Br^ 188), and should be standardized to be used at a

^H temperature of 20° C.

^1 Burettes should be provided with glass stop-

^m cocks, and are preferably made with blue and white

BB stripes down the side opposite the graduation, the

so-called Schellbach graduation. This enables the

height of the meniscus to be determined with great

accuracy and avoids the use of a burette float.

The diagram (Fig. 186) shows the method of read-

ing the burette, the mark a showing the point at

which the reading is to be made.

Platinum Apparatus.—Platinum crucibles require

a good deal of care to prevent injuring the metal

by alloying it with lead or other fusible metals.

Compounds containing lead, arsenic, mercury, or antimony, should never

be heated in a platinum crucible. Stains may be removed by burnish-

ing the crucible with fine sea sand or by fusing potassium bisulphate

in the crucible.

Platinum wire for loops for making smears or inoculating culture media

should be of two sizes, No. 24 and No. 26 gauge. The heavier wire is

preferable for making stab cultures or spreading pus or thick fluids on

slides or cover glasses. The thinner wire cools much more readily after

heating, and is a convenient size for carrying small quantities of culture

material from one tube to another. Both varieties of wire should be

hardened by alloying the platinum with small quantities of iridium.

The loops at the ends of wires should be made permanent by welding.

In order to weld platinum it is only necessary to bring it to a white heat

and then tap the two fragments of wire which are in contact with a small

hammer or pinch the wires together by means of a pair of pliers. If the

wire is clean and heated to the proper temperature, a firm union between

Fig. 186 —Diagram
TO Show Method
OF Reading Bu-
rette WITH A

Schellbach
Stripe. The mark
a where the two
points touch gives

the height of the

fluid.
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the two portions forming the loop will be obtained and the excess of wire

may be trimmed off with a file. Such loops are quite permanent, and are

convenient because they keep their dimensions and form and do not have

to be continually remade.

Spreads of thick fluids or scrapings from tuberculous lymph nodes are

conveniently obtained by using a flat platinum spatula, which can be

made by hammering out a short piece of No. 16 or No. 18 gauge hardened

platinum wire.

Platinum loops and spatulae are conveniently mounted in aluminium

handles, but the usual custom is to fasten the wire into the end of a glass

rod. The rod or tubing used for this purpose should be of the "Durax"
Jena glass mentioned above or a variety designated 397"i.

Filter Paper.—Ordinary cheap filtering paper may be used for the

filtration of urine previous to carrying out the various tests for albumin.

For chemical analyses it is much better to use Schleicher and Schiill's

filter papers. The increased cost is compensated by the ease and rapid-

ity of filtration and the completeness with which fine precipitates are

retained. A good paper for general use is Schleicher and SchiiU's No. 597.

For quantitative analyses Schleicher and Schull's No. 589 should be used.

In making Jenner and Wright stains and in filtering large quantities

of fluids, especially those which are alkahne, Schleicher and Schiiirs

hardened filter paper No. 575 should be employed, as it does not tear easily

when wet, and its smooth surface allows a moist precipitate to be scraped

off without removing any of the fiber of the paper. This paper can be

used repeatedly.

REAGENTS

The following list of reagents is sufficient to carry out most of the tests

given in the text

:

Alcohol, amyl.

Alcohol, ethyl, 96 per cent, and 80 per cent.

Alcohol, methyl, Merck's or Kahlbaum's pure.

Alkaline barium chloride solution. Composed of two volumes of satu-

rated solution of barium hydrate and one volume of a 10 per cent,

barium chloride solution.

Ammonium carbonate.

Ammonium chloride, 10 per cent, solution.

Ammonium hydrate, specific gravity 0.96. Contains about 10 per

cent, of NHg.

Ammonium molybdate. »

Barium chloride, 10 per cent, solution.

Barfoed's reagent.—Thirteen and three-tenths grams of cupric acetate

are dissolved in 200 c.c. of water, and 6 c.c. of 38 per cent, acetic

acid are added.
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Bromine and bromine water. The latter is prepared by mixing water

with an excess of bromine, allowing the mixture to stand until the

water has assumed a dark color. The supernatant fluid is then

poured off.

Calcium chloride.

Chloroform.

Copper sulphate, 10 per cent, solution for general tests.

Copper sulphate, 20 per cent, solution for Hiss' capsule stain.

Copper sulphate, Fehling's solution. One liter of this solution contains

69.278 grams of crystalline copper sulphate.

Ether. Should not give a residue on evaporation. For fat extraction

the ether should be dehydrated by first washing with water, then

solid sodium hydroxide is added until most of the water is removed,

and finally a few clean pieces of metallic sodium should be added,

and the ether kept in a loosely stoppered bottle.

Ferric chloride, 10 per cent, solution.

Formalin.

Gasoline, specific gravity 86° Baume. The boiling point should be near

50° C.

Hypobromite solution, 500 c.c. water, 200 grams NaOH, 12.5 c.c. bromine;

another method is to take 70 c.c. of a 30 per cent, solution of sodium

hydrate (NaOH), dilute with 180 c.c. of water, and add 5 c.c. of

bromine.

Iodine.

Lead acetate, 10 per cent, solution.

Lead subacetate. Made by mixing three parts of lead acetate, one part

of litharge, ten parts hot water.

Magnesium mixture. Composed of one part of crystaUized magnesium

sulphate, two parts ammonium chloride, four parts ammonium
hydroxide, and eight parts water,

Phenylhydrazin.

Potassium chromate, 5 per cent, solution.

Potassium ferricyanide crystals. (The solution does not keep well.)

Potassium ferrocyanide, 10 per cent, solution.

Potassium hydrate, 30 per cent, solution.

Potassium iodide.

Potassium permanganate (Kahlbaum's pure). Used in titrating uric

acid, etc.

Silver nitrate.

Sodium chloride. Saturated solution. , One hundred c.c. of this solution

contains about 31 grams of sodium chloride. Physiological salt

solution contains 0.85 per cent NaCl.

Sodium hydrate, 30 per cent, solution.

Sodium nitrite.
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Uranium nitrate solution containing 35.461 grams to the liter.

Zinc chloride solution. Prepared by mixing a thick, watery solution of

zinc chloride with alcohol, until the specific gravity is about 1.20.

Esbach reagent. Ten grams picric acid, 20 grams citric acid, 1,000 c.c.

of water.

Fehling's alkaline solution. Three hundred and forty-six grams of sodium

and potassium tartrate (Rochelle salt) and 100 grams of sodium

hydrate are dissolved in water, and the whole made up to 1,000 c.c.

after the fluid has cooled.

Millon's reagent. One part of mercury is warmed with two parts of

strong nitric acid, until it is fully dissolved. Two volumes of

water are added to each volume of the solution of mercuric nitrate.

Nylander's solution. Twenty grams of bismuth subnitrate and 40 grams

of Rochelle salt are dissolved by warming gently in a liter of 10 per

cent, sodium hydrate.

Obermayer's reagent. Concentrated hydrochloric acid (sp. gr. 1.19)

containing 2 grams of ferric chloride to the hter.

Robert's mixture. One volume of concentrated nitric acid and five

volumes of a saturated aqueous solution of magnesium sulphate.

Spiegler's reagent. Eight grams of mercuric chloride, 4 grams of tartaric

acid, and 20 grams of glycerin in 200 c.c. of water.

Acetic acid, glacial, 30 per cent, and 2 per cent.

Hydrochloric acid, strong.

Nitric acid. Strong, for albumin tests in urine. Twenty-five per cent.

for decolorizing tubercle bacilli. Fuming for bile tests.

Sulphanilic acid for diazo-reaction.

Sulphuric acid. Concentrated, sp. gr. 1.84, for the Kjeldahl process.

Sp. gr. 1.83, for the Babcock fat test ; and 5 per cent, for decolorizing

tubercle bacilli.

INDICATORS

The indicators used in clinical chemistry are chiefly the following

:

Methyl Orange.—Five centigrams of the dye are dissolved in 100 c.c.

of distilled water.

Di-methyl-amido-azobenzol.—Half a gram of the dye is dissolved in

100 c.c. of 96 per cent, alcohol. Two drops of the solution are sufficient

for titrating 20 or 30 c.c. of fluid.

Congo Red.—A saturated solution of the dye in distilled water is used

by Boas for determining the free hydrochloric acid in the stomach con-

tents.

Congo paper can be made by soaking strips of smooth filter paper

in the solution and drying in the air.
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Alizarin (Alizarin S. or Alizarin sulphonate of soda).—One gram of

the dye is dissolved in 100 c.c. of water and filtered from the undissolved

residue. The solution does not keep more than a few months. A few

drops of the solution in water give a yellowish color, the shade changing

to red by the addition of alkalies, and finally to a violet when an excess

has been added.

Litmus.—This substance may be dissolved in strong alcohol and

a few drops added to the solution to be tested, or it may be kept in aqueous

solution, but only for a short time. It is better to

dissolve a little of the powder when needed.

Neutral litmus paper may be made by dissolv-

ing litmus in hot water and neutralizing the solu-

tion carefully with ammonia or oxalic acid, and

then soaking strips of filter or letter paper in the

fluid.

Acid litmus paper may be made by dripping

filter or, what is better, letter paper, in a solution

rendered faintly acid with oxalic or acetic acid.

For alkaline paper the solution should be made
faintly alkaUne by ammonia or sodium hydrate.^

Phenolphthalein.—A 1 per cent, solution in

either 50 or 96 per cent, alcohol is employed. One

or two drops of this solution are sufficient to

give a deep red color when a solution is rendered

alkaline.

Lacmoid.—This is an indicator used in esti-

mating the alkalinity of the blood. It may be used

in solution or, preferably, in the form of lacmoid

paper. This paper is prepared by soaking smooth-surfaced writing paper

in an alcoholic solution of lacmoid and drying.

Cochineal.—Three grams of cochineal powder are digested with

250 c.c. of a mixture of three parts of water and one part of strong

alcohol. The mixture is frequently shaken and at the end of two hours

is filtered.

GUnzberg's Reagent.—Two grams of phloroglucin and one gram of

vanillin are dissolved in 100 c.c. of 95 per cent, alcohol and preserved

in a dark bottle.

These solutions are conveniently kept in small bottles with ground-in

dropping pipettes, one of which is shown in Fig. 187.

Fig. 187. — Drop-
ping Bottle for
Dyes or Indica-

tors.

» Excellent litmus paper can be obtained commercially, that prepared by
Squibb being especially good.
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SPECIFIC GRAVITY TABLES
POTASSIUM AND SODIUM HYDROXIDE SOLUTIONS AT A

TEMPERATURE OF 15° C.

Specific Per cent. Per cent. Specific Per cent. Per cent.
Gravity of KOH of NaOH Gravity of KOH of NaOH

1.007 0.9 0.61 1.252 27.0 22.64
1.014 1.7 1.20 1.263 28.0 23.67
1.022 2.6 2.00 1.274 28.9 24.81
1.029 3.5 2.71 1.285 29.8 25.80
1.036 4.5 3.35 1.297 30.7 26.83
1.045 5.6 4.00 1.308 31.8 27.80
1.052 6.4 4.64 1.320 32.7 28 83
1.060 7.4 5.29 1.332 33.7 29.93
1.067 8.2 5.87 1.345 34.9 31.22
1.075 9.2 6.55 1.357 35.9 32.47
1.083 10.1 7.31 1.370 36.9 33.69
1.091 10.9 8.00 1.383 37.8 34.96
1.100 12.0 8.68 1.397 38.9 36.25
1.108 12.9 9.42 1.410 39.9 37.47
1.116 13.8 10.06 1.424 40.9 38.80
1.125 14.8 10.97 1.438 42.1 39.99
1.134 15.7 11.84 1.453 43.4 41.41
1.142 16.5 12.64 1.468 44.6 42.83
1.152 17.6 13.55 1.483 45.8 44.38
1.162 18.6 14.37 1.498 47.1 46.15
1.171 19.5 15.13 1.514 48.3 47.60
1.180 20.5 15.91 1.530 49.4 49.02
1.190 21.4 16.77 1.546 50.6
1.200 22.4 17.67 1.563 51.9
1.210 23.3 18.58 1.580 53.2
1.220 24.2 19.58 1.597 54.5
1.231 25.1 20.59 1.615 55.9
1.241 26.1 21.42 1.634 57.5

AMMONIUM HYDRATE SOLUTIONS AT A TEMPERATURE OF 15° C.

(Table from Lunge and Wiernik.)

Specific Per cent. Specific Per cent. Specific Per cent.
Gravity of NHs Gravity of NH3 Gravity of NH3

1.000 0.00 0.960 9.91 0.920 21.75
0.998 0.45 0.958 10.47 0.918 22.39
0.996 0.91 0.956 11.03 0.916 23.03
0.994 1.37 0.954 11.60 0.914 23.68
0.992 1.84 0.952 12.17 0.912 24.33
0.990 2.31 0.950 12.74 0.910 24.99
0.988 2.80 0.948 13.31 0.908 25.65
0.986 3.30 0.946 13.88 0.906 26.31
0.984 3.80 0.944 14.46 0.904 26.98
0.982 4.30 0.942 15.04 0.902 27.65
0.980 4.80 0.940 15.63 0.900 28.33
0.978 5.30 0.938 16.22 0.898 29.01
0.976 5.80 0.936 16.82 0.896 29.69
0.974 6.30 0.934 17.42 0.894 30.37
0.972 6.80 0.932 18.03 0.892 31.05
0.970 7.31 0.930 18.64 0.890 31.75
0.968 7.82 0.928 19.25 0.888 32.50
0.966 8.33 0.926 19.87 0.886 33.25
0.964 8.84 0.924 20.49 0.884 34.10
0.962 9.35 0.922 21.12 0.882 34.95



692 APPENDIX

HYDROCHLORIC, NITRIC, AND SULPHURIC ACIDS, AT
IN^ A VACUUM. ACCORDING TO G. LUNGE

15°

4°

>>

2 -e

100 grams contain 1

£ IS

100 grams contain

s °^

1
HCl HNO3 HaS04 1 HCl HNO3 H2SO4

1.000 0.16 0.10 0.09 1.175 34.42 28.63 24.12

1.005 1.15 1.00 0.83 1.180 35.39 29.38 24.76

1.010 2.14 1.90 1.57 1.185 36.31 30.13 25.40

1.015 3.12 2.80 2.30 1.190 37.23 30,88 26.04

1.020 4.13 3.70 3.03 1.195 38.16 31.62 26.68

1.025 5.15 4.60 3.76 1.200 39.11 32.36 27.32

1.030 6.15 5.50 4.49 1.205 33.09 27.95

1.035 7.15 6.38 5.23 1.210 33.82 28.58

1.040 8.16 7.26 5.96 1.215 34 55 29.21

1.045 9.16 8.13 6.67 1.220 35 28 29.84

1.050 10.17 8.99 7.37 1.225 36 03 30.48

1.055 11.18 9.84 8.07 1.230 36.78 31.11

1.060 12.19 10.68 8.77 l.?35 37.53 31.70

1.065 13.19 11.51 9.47 1.240 38.29 32.28

1.070 14.17 12.33 10.19 1.245 39.05 32.86

1.075 15.16 13.15 10.90 1.250 39.82 33.43

1.080 16.15 13.95 11.60 1.255 40.58 34.00

1.085 17.13 14.74 12.30 1.260 41.34 34.57

1.090 18.11 15.53 12.99 1.265 42.10 35.14

1.095 19.06 16.32 13.67 1.270 42.87 35.71

1.100 20.01 17.11 14.35 1.275 43.64 36.29

1.105 20.97 17.89 15.03 1.280 44.41 36.87

1.110 21.92 18.67 15.71 1.285 45.18 37.45

1.115 22.86 19.45 16.36 1.290 45.95 38.03

1.120 23.82 20.23 17.01 1.295 46.72 38.61

1.125 24.78 21.00 17.66 1.300 47.49 39.19

1.130 25.75 21.77 18.31 1.305 48.26 39.77

1.135 26.70 22.54 18.96 1.310 49.07 40.35

1.140 27.66 23.31 19.61 1.315 49.89 40.93

1.145 28.61 24.08 20.26 1.320 50.71 41.50

1.150 29.57 24.84 20.91 1.325 51.53 42.08

1.155 30.55 25.60 21.55 1.330 52.37 42.66

1.160 31.52 26.36 22.19 1.335 53.22 43.20

1.165 32.49 27.12 22.83 1 340 54.07 43.74

1.170 33.46 27.88 23.47 1.345 54.93 44.28

^ The figures indicate that the specific gravity is that obtained at 15° C.

compared with the density of water at 4° C.
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HYDROCHLORIC,
IN A VACUUM.

NITRIC, AND SULPHURIC ACIDS, AT
ACCORDING TO G. LUNGE (Continued)

15'

t a ^ a
§

a

1 1

,2 a

100 grams contain

1 i

100 grams
contain

^ 2

100 grams
contain

V3 .3

HNO3 H2SO4 HaS04 H3SO4

1.350 55.79 44.82 1.540 63.43 1.730 79.80

1.355 56.66 45.35 1.545 63.85 1.735 80.24

1.360 57.57 45.88 1.550 64.26 1.740 80.68

1.365 58.48 46.41 1.555 64.67 1.745 81.12

1.370 59.39 46.94 1.560 65.08 1.750 81.56

1.375 60.30 47.47 1.565 65.49 1.755 82.00

1.380 61.27 48.00 1.570 65.90 1.760 82.44

1.385 62.24 48.53 1.575 66.30 1.765 82.88

1.390 63.23 49.06 1.580 66.71 1.770 83.32

1.395 64.25 49.59 1.585 67.13 1.775 83.90

1.400 65.30 50.11 1.590 67.59 1.780 84.50

1.405 66.40 50.63 1.595 68.05 1.785 85.10

1.410 67.50 51.15 1.600 68.51 1.790 85.70

1.415 68.63 51.66 1.605 68.97 1.795 86.30

1.420 69.80 52.15 1.610 69.43 1.800 86.90

1.425 70.98 52.63 1.615 69.89 1.805 87.60

1.430 72.17 53.11 1.620 70.32 1.810 88.30

1.435 73.39 53.59 1.625 70.74 1.815 89.05

1.440 74.68 54.07 1.630 71.16 1.820 90.05

1.445 75.98 54.55 1.635 71.57 1.825 91.00

1.450 77.28 55.03 1.640 71.99 1.830 92.10

1.455 78.60 55.50 1.645 72.40 1.835 93.43

1.460 79.98 55.97 1.650 72.82 1.840 95.60

1.465 81.42 56.43 1.655 73.23 1.8405 95.95

1.470 82.90 56.90 1.660 73.64 1.8410 97.00

1.475 84.45 57.37 1.665 74.07 1.8415 97.70

1.480 86.05 57.83 1.670 74.51 1.8410 98.20

1.485 87.70 58.28 1.675 74.97 1.8405 98.70

1.490 89.60 58.74 1.680 75.42 1.8400 99.20

1.495 91.60 59.22 1 .685 75.86 1 .8495 99.45

1.500 94.09 59.70 1.690 76.30 1.8390 99.70

1.505 96.39 60.18 1.695 76.73 1.8385 99.95

1.510 98.10 60.65 1.700 77.17

1.515 99.07 61.12 1.705 77.60

1.520 99.67 61.59 1.710 78.04

1.525 62.06 1.715 78.48

1.530 62.53 1.720 78.92

1.535 63.00 1.725 79.36
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ALCOHOL AT A TEMPERATURE OF 15.6° C.

Specific
Gravity

Per cent.
by

Volume

Per cent.
by

Weight

Specific
Gravity

Per cent.
by

Volume

Per cent.
by

Weight

0.8941 68 60.38 0.8488 85 79.50

0.8917 69 61.42 0.8458 86 80.71

0.8892 70 62.50 0.8428 87 81.94

0.8867 71 63.58 0.8397 88 83.19

0.8842 72 64.66 0.8365 89 84.46

0.8817 73 65.74 0.8332 90 85.75

0.8791 74 66.83 0.8299 91 87.06

0.8765 75 67.93 0.8265 92 88.37

0.8739 76 69.05 0.8230 93 89.71

0.8712 77 70.18 0.8194 94 91.07

0.8685 78 71.31 0.8157 95 92.46

0.8658 79 72.45 0.8118 96 93.89

0.8631 80 73.59 0.8077 97 95.34

0.8603 81 74.74 0.8034 98 96.84

0.8575 82 75.91 0.7988 99 98.39

0.8547 83 77.09 0.7939 100 100.00

0.8518 84 78.29

NORMAL SOLUTIONS

A normal solution of a substance is one which contains the hydrogen

equivalent of its molecular weight dissolved in a liter of water, hydro-

gen being considered for analytical purposes as 1, though in the following

table of atomic weights it is given as 1.008.

Equal volumes of normal solutions should combine exactly with

each other; for example, 1 c.c. of ^/i hydrochloric acid should exactly

neutralize 1 c.c. of ^/i sodium or potassium hydrate or 10 c.c. of ^/lo

alkali.

Atomic weights of the elements most frequently used in making

normal solutions are as follows

:

Barium Ba 137.4

Bromine Br 79.9

Calcium Ca 40.1

Carbon C 12.

Chlorine CI 35.45

Copper Cu 63.6

Hydrogen... .H 1.008

Iodine I 126.85

Iron Fe 55.9

Lead Pb 206.92

Magnesium. . Mg 24 .

3

Manganese. . . Mn 55

.

Mercury Hg 200

.

Nitrogen N 14 . 04

Oxygen O 16.

Potassium . . .K 39 . 11

Silver Ag 107.92

Sodium Na 23 .05

Sulphur S 32.07

Tungsten. ...W 184.

Uranium U 239 .

6

Zinc Zn 65.4
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A normal solution of sodium hydroxide (NaOH) contains Na, 23.05

;

O, 16 ; H, 1.008 = 40.058 grams to the Hter of water. For ordinary pur-

poses the decimal portion of this figure may be omitted and the amount
considered as 40 grams.

Dibasic acids or salts of these acids contain only half the molecular

weight in grams to the liter. For example, normal sulphuric acid con-

tains 49.04 grams to the hter, instead of 98.08, its molecular weight.

Normal sodium carbonate, also, contains 53 grams to the liter instead

of 106.

The following normal solutions are the ones chiefly used in the chnical

laboratory :

Oxalic acid C2O4H2, 2H,0 63 . 024 grams per liter

Hydrochloric acid HCl 36.46 "

Sulphuric acid |?^Si^| 49.04

Sodium hydrate NaOH 40.058 "

Potassium hydrate KOH 56.16

Ammonium hydrate NH3 17 .064 " "

Sodium carbonate |
Na^e

| 53.05 "

Silvernitrate
j If^^•.•.•.•:

! ! ! ! ! ! ! ! ! ! ! loiH
" "

(
AgNOa

I oq 06
Silvernitrate! ] '^s^ \

^^'^^

(Ag 18.449 "

Sodium chloride NaCl 58.5

KMn04
I 31.63Potassium permanganate

( 5

Normal Sodium Hydrate Solution.—As normal sodium hydrate ^ is

the solution most often required in the clinical laboratory, its prepa-

ration will be given in full.

Accurate normal solutions of sodium hydrate can not be made by

weighing out that substance, because it attracts water from the air, thus

constantly changing in weight, and also because of the difficulty of han-

^ A special silver nitrate solution is often used, 1 c.c. of which is equivalent

to .01 grams of sodium chloride. This obviates complicated multiplication in

Volhard's method in determining chlorides in the urine or HCl in stomach

contents.

2 Unless the practitioner has access to a laboratory it is best to purchase

the only normal solution which he will ordinarily use, i. e., normal sodium

hydrate. This is to be kept in a closely stoppered bottle and diluted with

nine volumes of water when needed. Accurate normal solutions may be

obtained from Eimer & Amend, New York.
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dling such a corrosive solid. Commercial sodium hydrate also contains

carbonate and sulphate, which reduces its alkalinity.

For chnical purposes, Merck's " Sodium hydrate by alcohol" is suffi-

ciently pure to give a closely approximate normal solution if 41 grams

are dissolved in water and the graduate filled up to a liter. Great care

must be taken, however, that the sticks of sodium hydrate are protected

from the air in a bottle, the glass

stopper of which has been sealed with

vaSelin. A few days' exposure to

the air will give rise to a considerable

amount of sodium carbonate on the

surface of the sticks, thus giving an

inaccurate solution.

For more accurate work, normal

solutions are best obtained by first

preparing a standard normal solution

of some acid and then using this to

determine the strength of the sodium

hydrate. For this purpose the most

convenient acid is oxalic.

Chemically pure oxalic acid crys-

tals can be obtained from Merck, and

are readily weighed on a balance, as

the substance is not deliquescent.

The molecular weight of oxalic acid is

126, but as it is dibasic, the amount
required for a normal solution is one-

haK of this amount ; in other words,

63 grams in 1,000 c.c. of water. It is

more economical to use 6.3 grams and

dissolve in 100 c.c. of water.

In making up an approximately

normal solution it is convenient to use

a Giles measuring flask. This has two

graduations on the neck, one at 1,000

c.c, the other at 1,100 c.c, thus giv-

ing an extra 100 c.c. to be titrated in standardizing the solution (Fig. 188).

An extra quantity of NaOH should be used, about 46 grams to 1,100 c.c

Ten c.c of the normal acid solution are carefully measured off by means of

a pipette, a few drops of phenolphthalein added, and the mixture titrated

with sodium hydrate solution which has been made up approximately

by weight, until a faint pink color appears, which remains permanent

after stirring. If the sodium hydrate solution is accurately normal, 10

c.c. will neutralize 10 c.c. of the oxalic acid. If, however, only 9 c.c. of

Fig. 188.

—

Giles Pattern
URiNG Flask.

Meas-
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the sodium hydrate is required to neutralize the acid, the sodium hydrate

is evidently 10 per cent, too strong, and 1 c.c. of distilled water should

be added to each 9 c.c, in the measuring flask. The flask is inverted

after the addition of the water, so as to mix the solutions thoroughly, the

burette is washed out first with distilled water and then with a little of

the normal solution, which has been corrected by dilution, and finally filled

with that solution.

A fresh portion of the oxalic acid is measured out in a beaker, phenol-

phthalein added, and the titration repeated. The second result should

be close to the required amount ; that is, it should take 9.8 to 9.9 c.c. of

the sodium hydrate to change the indicator to the faint pink color. It

is well at this stage to titrate with a larger quantity of acid, using, for ex-

ample, 50 c.c, before making the final dilution which is necessary to

bring the sodium hydrate solution exactly to the normal.

In another procedure which furnishes more accurate results a weighed

amount of sodium carbonate is used to estimate the strength of a standard

acid. By titrating this standard acid against the unknown sodium

hydrate solution, the exact strength of the latter can be obtained, and

the solution diluted accordingly. About 8 grams of Merck's chemically

pure sodium bicarbonate is placed in a large platinum crucible and heated

over an alcohol flame. The contents of the crucible should be con-

tinuously stirred with the end of a platinum wire which remains in the

crucible and is weighed with it. The heating should continue for about

half an hour to drive off the COj and form NaaCOg, the temperature never

exceeding a dull red heat at the bottom of the crucible. Any melting

or caking of the sodium bicarbonate should be avoided, as under these

conditions carbonic acid may be driven off and sodium hydrate formed.

After the heating has been continued for about half an hour, the crucible

is cooled in an exsiccator and weighed. The heating is repeated for a

short time and a second weighing is made. If the results agree, about

2 grams of the dried sodium carbonate are shaken out of the crucible into

a beaker, the amount used being determined by weighing the crucible

and its contents. The carbonate is dissolved in about 100 c.c. of distilled

water. Five to six drops of methyl-orange solution are added, and ap-

proximately normal hydrochloric acid or sulphuric acid is run in from

a burette until a drop of acid gives rise to a pure rose color. Assuming

that 39.20 c.c. of hydrochloric acid are used to neutralize 2.1132 grams

of sodium carbonate, the strength of the acid may be computed as follows.^

If the acid had been exactly normal, 1,000 c.c. of it would have neutral-

ized 53.05 grams of sodium carbonate. For the molecular weight of the

latter is 106.10, and as carbonic acid is dibasic the normal weight would

be—2^— =53.05. The 2.1132 grams of sodium carbonate should

* Treadwell: Lehrbuch d. analytischen Chemie, Bd. ii, 1903, p. 384.

46
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therefore have required 39.83 c.c. of normal acid to neutraUze it according

to the equation

—

53.05 : 1,000 : : 2.1132 : X.

m3^2_
^^~

53.05
-'^^^^^^

Since, however, only 39.20 c.c. were used, the acid is evidently too

strong, and to every 39.20 c.c, 0.63 c.c. of water should be added to make
it normal. Therefore, to one liter 16.07 c.c. of water should be added.

A dry Hter flask is exactly filled to the mark with the acid and 16.07

c.c. of water allowed to run in from a burette or an exactly divided pipette.

The contents of the flask are then thoroughly mixed. Approximately

2 grams of sodium carbonate are again weighed out, dissolved in 100 c.c.

of distilled water, methyl orange is added, and a second titration with

the diluted acid is carried out. A second dilution may be made if the

acid still proves too strong, or the flask may be marked with the exact

equivalent of the acid and the results multiphed by the corresponding

factor.

For clinical use normal sodium hydrate is too strong, so that it is

always diluted to ^/lo or V20 normal. For this purpose, 50 or 100 c.c.

may be measured off by a pipette into a measuring flask, and the latter

filled up to the mark 500 or 1,000, care being taken that the temperature of

the fluid at the time of mixing is the same as that marked on the flask.

Decinormal Oxalic Acid.—The molecular weight of oxalic acid is

126.024, and as the acid is dibasic, a decinormal solution would contain

one-twentieth of the molecular weight; that is, 6.3012 grams. For ordi-

nary work the commercial acid may be assumed as sufficiently pure to

use as standard.

For especially accurate determinations, however, the acid should be

purified by heating a mixture of 500 grams of this substance and 500 grams

of pure hydrochloric acid of a specific gravity of 1.075 in a porcelain

dish. The solution is filtered and the filtrate collected in a crystallizing

vessel and placed on ice in order to cool it as quickly as possible. The
oxalic acid crystallizes out in fine crystalline powder, and should be freed

from the excess of acid by pouring the mixture into a funnel, the lower

portion of which is closed by a perforated platinum cone. The oxalic

acid is again dissolved in a small quantity of boiling hydrochloric acid,

separated by crystallization, and dried. The crystals are washed twice

in small quantities of ice-cold water, crystallized three times out of hot

water, and may then be considered as chemically pure.

Decinormal Potassium Permanganate Solution.—This solution can

not be made up by direct weighing, but must be titrated against deci-

normal solution of oxalic acid. Twenty-five c.c. of the oxalic solution

are placed in a beaker, 10 c.c. ot 25 per cent, sulphuric acid are added,

and the whole is diluted with water at a temperature of 70° C. to about
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200 c.c. The permanganate solution to be standardized is run in from

a burette with a glass stop-cock and the mixture constantly stirred. As

soon as all the oxaUc acid is oxidized the red color is permanent.

Decinormal potassium permanganate solution contains 3.163 grams

to the Uter, the decomposition of the salt taking place accorcjing to the

formula KaO.MnaO, = KjO + 2MnO + 06. If Kahlbaum's chemically

pure potassium permanganate is used, solutions can be made up of suf-

ficient accuracy to use without control titration, at least for such analy-

ses as the quantitative determination of uric acid in the urine according

to Folin. As a rule, however, commercial permanganate is very impure,

and, as stated above, must be titrated against oxalic acid. The oxalic

acid solution for this purpose keeps much better if it contains 50 c.c. of

concentrated sulphuric acid to the liter. After eight months' keeping

such a solution changes its titer about .12 per cent.^

Potassium Sulphocyanide.—A solution of potassium sulphocyanide

is used in the determination of the chlorides in the urine and other fluids

by the Volhard method. A decinormal solution, containing 9.72 grams

to the Hter, can be used, or a special solution containing 16.6 grams of

the sulphocyanide, which corresponds to a special silver nitrate solution

1 c.c. of which is equivalent to 1 centigram of sodium chloride.

As the potassium sulphocyanide is hygroscopic, a standard solution

can not be made up by direct weighing, but only by titration against a

previously prepared standard silver solution. As the preparation of

both solutions is similar in principle, only one will be described. The

reaction between silver nitrate and potassium sulphocyanide is AgNOg +
KSCN = AgSCN + KNOg. In other words, one molecule of silver nitrate

weighing 169.97, is precipitated by a molecule of potassium sulphocyanide

weighing 97.22. As the silver nitrate solution corresponding to 1 centi-

gram of sodium chloride contains 29.06 grams to the liter, the sulphocyan-

ide solution which corresponds to this should be 16.6 grams to the liter.

For the special silver nitrate solution corresponding to 1 centigram of

sodium chloride contains 169.97, divided by 5.85, which equals 29.6

grams to the liter, so the corresponding potassium sulphocyanide solu-

tion would contain 97.22 divided by 5.85, which equals 16.6 grams to

the liter.

About 18 grams of the sulphocyanide are weighed out and dissolved

in about 900 c.c. of water. Ten c.c. of the standard silver solution are

diluted to 100 with water. Four c.c. of nitric acid and 5 c.c. of the

ammonio-ferric alum are added and the mixture is titrated with the

potassium sulphocyanide of unknown strength. The end reaction is

marked by the production of a sUght red color which remains on stirring

the fluid. Inasmuch as the sulphocyanide solution has been purposely

^ Treadwell : Analytische Chemie, Bd. ii, Leipzig, 1903.
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made too strong, less than 10 c.c. will be required to neutralize 10 c.c.

of the silver solution. If we assume that 9.8 c.c. of the sulphocyanide

are used, then it is evident that to each 9.8 c.c. of the solution, 10 minus

9.8 c.c. or 0.2 c.c. of water should be added to bring the solution to the

proper strength. Nine hundred and eighty c.c. of the fluid are measured

off and filled up to a thousand with distilled water. Or, 1,000 c.c. are

measured off and 24.08 c.c. of distilled water are added from a burette.

The contents of the flask are thoroughly shaken ; a fresh sample is with-

drawn and titrated against another 10 c.c. of silver nitrate,. The second

dilution will probably require only the addition of a few c.c. of water in

order to bring it to the standard. If preferred, however, the solution

may be left of an arbitrary strength and the correction made at the time

of titrating the urine.

Decinormal Sodium Thiosulphate.—A decinormal thiosulphate solu-

tion can not be produced directly by weighing out the crystalline salt, but

must be standardized against an iodine solution of known strength. The

reaction takes place according to the following formula: 2Na2S203 + l2=
2NaI + Na2S406. Commercial iodine ''resublimed" is pure enough for

clinical purposes. For accurate technical analyses the iodine should be

sublimed by heating about 6 grams of this substance with 2 grams of pure

potassium iodide in order to remove chlorine and bromine, which are often

present. The iodine is placed at the bottom of a small beaker and a flask

containing cold water is allowed to rest on the rim of the beaker. The

iodine as it sublimes collects in the form of a crust on the under surface

of the flask. In order to weigh out the iodine a small weighing bottle is

used containing one-half c.c. of water and 2 grams of pure potassium

iodide. The bottle and its contents are carefully weighed, the balance

arrested, and 4 or 5 centigrams of pure iodine thrown into the bottle and the

stopper immediately inserted. The second weighing gives the amount
of iodine added to the contents of the flask. The weighing bottle and its

contents are dropped into a wide-mouthed Erlenmeyer flask, the stopper

being withdrawn as the bottle is allowed to fall. The flask should

contain about 200 c.c. of water and 1 gram of potassium iodide. The
flask is filled up to 500 c.c.

This iodine solution is then used to standardize the sodium thiosul-

phate solution which has already been made up by weighing out 25 grams
of the crystallized salt (Na2S203+5H20; molecular weight, 248.32).

The sodium thiosulphate solution should be prepared some two weeks

before it is titrated, as the carbon dioxide in the distilled water rapidly

alters the titer by decomposing the salt ; but after the end of two weeks
all of the CO2 is removed and the solution remains permanent for six

or eight months.

A measured quantity of the iodine solution is placed in a beaker. Two
or three c.c. of thin starch paste are added and the sodium thiosulphate
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solution run in until the blue of the iodine has disappeared. The titration

is repeated once or twice and then the thiosulphate diluted by the neces-

sary amount of water, which has previously been thoroughly boiled ; or,

what is more satisfactory, the strength of the solution is determined

and no attempt made to bring it to the decinormal point ; but the iodine

capacity of each c.c. is noted and the results corrected accordingly.

If, for example, 1 c.c. of the sodium thiosulphate solution is equivalent

to 0.01167 grams of iodine, this figure should be divided by the amount
of iodine contained in a true normal solution—that is, 0.01268. The
result, 0.9201 is the factor by which each c.c. of the sodium thiosulphate

solution should be multiplied in order to be changed into an accurate

decinormal. If desired, a portion of this thiosulphate solution may be

diluted to a true normal and an iodine solution standardized, but as

the iodine only keeps for a few days it is better to use the standard thio-

sulphate and make a correction for each determination.^

Silver Nitrate Solution.—Either 10.792 grams or 18.449 grams (see

foot-note, p. 695) of pure silver foil are dissolved in nitric acid, the excess

of acid driven off by boiling and the solution diluted to 1,000 c.c.

GLYCERIN JELLY

Glycerin jelly is useful for preserving casts, crystals, and parasites.

Kaiser's formula.—Seven grams of clear gelatin are soaked for two hours

in 42 c.c. of distilled water. Fifty grams of glycerin and one gram of

phenol are added and the whole warmed on a water bath until the gelatin

is dissolved. The mixture should be constantly stirred while being heated,

and as soon as it is perfectly fluid it should be filtered, hot, through either

paper or glass wool.

DETERMINATION OF THE MELTING POINT

The determination of melting points has its chief interest in medicine

in the identification of the various osazons derived from the sugars

excreted in the urine or contained in the exudates of the body. The

osazon or other substance of which the melting point is to be determined

is dried and finely powdered. A small quantity of the powder is then shaken

into a capillary tube and pressed into the tip by a fine wire or glass

thread. The tubes are made by drawing out thin glass tubing into

capillary tubes of a diameter of about 1 to 2 millimeters and sealing one

end. After the tube is filled it is fastened to the stem of an accurate

thermometer by means of a few turns of platinum wire or by a short

section of rubber tubing of such a diameter that the tube is held firmly

in place with the end containing the powder at the level of the thermom-

1 Treadwell: 1. c, vol. ii, p. 447.
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eter bulb. The tube and thermometer are then heated in a suitable

fluid. For crotonic acid, water affords sufficient heat ; for the osazons,

strong sulphuric acid is necessary. Unless the acid is perfectly free from

organic matter it will turn brown as soon as heat is applied. To obviate

this, a crystal of potassium nitrate or permanganate should be dropped

into the acid to aid in the oxidation of the carbon and thus render the

fluid perfectly clear. The acid may be contained in a long-necked flask

or even in a beaker and should be in sufficient quantity to cover entirely

the bulb of the thermometer. The fluid is to be rapidly heated to a

point about ten degrees below the melting point, and then very gradu-

ally until the small mass of powder is suddenly seen to become clear and

show a meniscus. In the case of the osazons, the powder suddenly

becomes black and opaque, and the fluid clings to the walls of the capil-

lary. If the approximate melting point is not known, the substance

should be slowly heated and small particles in the upper portion of the

capillary tube carefully watched. The hot acid rising to the top will

melt these fragments before that portion which is close to the bulb of

the thermometer becomes fluid. If the temperature is now carefully

raised for about a degree, the powder at the level of the bulb will be noticed

to melt. The height of the therniometer is then read off. A second and

more careful trial will usually give a point one or two degrees below that

first obtained, as the temperature can be more carefully raised when
the approximate melting point is known. For ordinary purposes it is

not necessary to correct for differences in barometric pressure. The usual

error of the method is ± 0.2° to 0.5°.^

CLEANING SLIDES AND COVER GLASSES

Slides and cover glasses which have not been previously used and are

not very greasy may be cleaned by prolonged immersion in strong alcohol,

containing about 20 per cent, of strong hydrochloric acid. After several

weeks soaking in this mixture, the alcohol may be poured off and replaced

by fresh alcohol to remove the acid. The slides or covers may then be

dried and put in suitable boxes.

In cleaning slides or covers which are much soiled, or which have been

used before, it is most convenient to employ strong hot nitric acid. Take
a large beaker and place in it several ounces of covers, or a gross of slides,

then pour over them a few cubic centimeters of strong alcohol. The
alcohol quickly penetrates between the slides, despite the grease with

which they are covered. The alcohol is drained off as completely as

possible, and the beaker placed beneath a hood or out of doors. About
50 c.c. of strong nitric acid is then poured over the sUdes. In a few seconds

a sharp reaction between the acid and the alcohol will take place, with

^ Ostwald-Luther : Physiko-Chem. Messungen, 1902.
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the evolution of reddish-brown fumes of nitric peroxide and violent boiling

of the nitric acid. Care should be taken that none of the acid is spurted

over the face or hands of the operator. The heat and boiling of the acid

cause it to penetrate between the individual sUdes and replace the alcohol

which is being oxidized, so that the cleansing process takes place thorough-

ly and quickly. In a few minutes the acid can be washed away with tap

water, followed by distilled water until all acid reaction has disappeared

;

then alcohol, and finally ether. If the ether is perfectly pure and gives

no residue on evaporation, the covers can be simply allowed to dry in

the air; if, however, the ether does leave a residue, as is usually the

case with the commercial product, the covers are best dried by spreading

out on a towel and wiping off each cover as it lies flat on the cloth surface.

A small wooden block covered with clean cloth can be used very con-

veniently to rub off the covers as they he flat on the surface of the towel.

If any attempt is made to hold the covers between the fingers while rubbing

them off with a cloth, so many are broken that the process becomes a

very expensive one. Shdes, of course, can be handled more roughly, and

need not be treated with the ether, but can be dried by simply wiping

off the alcohol in which they are kept.

REMOVING ANILINE DYES FROM THE HANDS

In order to clean the hands after staining with aniline dyes it is

necessary to use different procedures for the different colors. If the

stain contains an HN, group, as does fuchsin, it is possible to remove

the dye by washing in a faintly acid solution of sodium nitrite. The

coloring matter is changed to a corresponding diazo compound which is

colorless and can be removed by washing in water. This procedure will

also remove fuchsin from clothing if the latter is allowed to soak for

some time in the nitrite solution. This method will not completely

remove methylene blue, gentian violet or eosin, but a scheme which is

generally applicable for removing any dye is as follows:

Dip the hands into a warm solution of potassium permanganate which

has been sHghtly acidulated with sulphuric acid and allow them to

remain several minutes, by which means the coloring matter is oxidized

and destroyed. After washing off the excess of permanganate, the

brown stain of the manganese dioxide is removed by washing the hands

in a saturated solution of oxaUc acid or in a solution of sulphurous acid.

Another method of removing aniline dyes is to rub over the hands a

thick paste made by mixing bleaching powder and crystals of washing soda

(Na^COg). The decomposition of the chloride of lime by the sodium

carbonate sets free an actively 03j:idizing compound, hypochlorous acid,

which destroys the coloring matter. The hands are- then freed from the

acid by washing in water.
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Abbe condenser, adjustment of, 592.

Abbott, on Widal reaction, 241.

Abderhalden and Bergell, on glyco-

coll, 459.

on familiar cystinuria, 460.

Abel, on diplococcus in oza^na, 379.

Abscess of liver, pus in, 340; sputum
in, 406.

Abscess pus, morphology of, 639.

Acetanilid, in urine, 578.

Acetanilid poisoning, anaemia due to,

142.

Acetone, Gunning's test for, 551.

in urine, 547, 550.

Legal's test for, 551.

Lieben's test for, 551.

Acetone bodies, in urine, 547.

Acetonuria, following anaesthesia,

550.

in diabetes, 549.

in starvation, 549.

Achard and Castaigne, on excretion

of methylene blue, 626.

Achlorhydria, 287.

Achorion Schonleinii, 374.

Achroodextrin, 297, 379.

Achylia gastrica, 301.

Acid, acetic, 498, 500, 689, 692 ; in

stomach contents, 288, 291 ; in

urine, 576; test for albumin, 498,

500.

alkapton, 455.

alloxyproteic, 452.

benzoic, 452.

boric, 680.

butyric, 291.

carbolic, 288, 442.

crotonic, 554, 555.

Acid, diacetic, 547, 552.

formic, 291.

glycocholic, 573.

glycuronic, 542.

hippuric, 453.

hydrochloric, 426, 689, 692; in

stomach contents, 259, 277.

lactic, 288.

nitric, 689, 692; test for albumin,

497, 499.

oxalic, 434.

oxaluric, 574.

oxybutyric, 554, See also Beta-

oxybutyric acid.

oxyhydro-cumaric, 451.

oxymandelic, 457.

oxyphenyl-acetic, 451.

oxyphenyl-propionic, 451.

oxyproteic, 452.

phosphoric, 429.

succinic, 574.

sulphosalicylic, test for albumin,

501.

sulphuric, 430, 689, 692.

taurocholic, 573.

uric, 481.

uroferric, 452.

Acid haematin, absorption spectrum

of, 15.

Acid-resisting bacilli, 396, 613.

V. Ackeren, on maltosuria, 537.

Actinomyces hominis, in sputum, 402.

Adamkiewicz, test for proteid, 492.

Adams, test for fat in milk, 673.

Adenin, 488.

Agglutination reactions, 229.

in cholera, 249.

in icterus, 242.
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Agglutination in Malta fever, 250.

in mixed infections, 242.

in paratyphoid infections, 247.

in plague, 249.

in pneumonia, 250.

in tuberculosis, 250.

in typhoid fever, 229.

with B. coli communis, 248.

with B. dysenterise, 248.

Alharran, on alterations in secretion

of urine due to ureteral catheter-

ization, 627.

Albumin, in spinal fluid, 380, 663.

in faeces, 313, 325.

in milk, 670, 678.

in saliva, 378.

in transudates, 633.

in urine, 493, 497, 505, 629.

tests for, 497; delicacy of, 502.

tests for, qualitative, 497; acetic

acid and heat, 498; acetic acid

and potassium ferrocyanide, 500;

Heller's, 499; nitric acid and

heat, 497; Roberts', 500; Spieg-

ler's, 500; sulphosalicylic acid,

501; trichloracetic, 501.

tests for, quantitative, 502; esti-

mation, approximate, 504; grav-

imetric, 503; Purdy method,

504 ; Wassilyew method, 504.

Albumin, nucleo-, 495.

Albumin, removing of, from urine

or other fluids, 504.

Albuminous substances in urine, clin-

ical tests for, 493.

Albuminuria, 505.

alimentary, 507.

clinical significance of, 506.

cyclic, 506.

dietetic, 507.

due to circulatory disturbances,

507.

febrile, 507.

functional, 506.

in anaemia, 508.

in heart disease, 507.

in leukaemia, 508.

in nephritis, 508.

Albuminuria, toxic, 507.

transitory, 506.

Albumose, in faeces, 325; in urine,

508, 511; tests for, Bang's, 513;

Hofmeister-Salkowski, 513.

Albumosuria, 511.

Alcohol, table of sp. grav. of, 694.

Alimentary albuminuria, 507.

glycosuria, 515.

lactosuria, 514.

laevulosuria, 532.

pentosuria, 538.

saccharosuria, 514.

Alizarin, 282, 414, 690.

Alkalinuria, 428.

Alkapton acids, in urine, 455.

Garrod's test for, 455.

Allantoin, in urine, 465.

Alloxyproteic acid, 452.

Alkalinity of blood, 52.

Alkaline haematin, 15; see also haema-

tin, 14.

Amann, ref. to, on concentrating

tubercle bacilli, 394.

Amido-benzol test for hydrochloric

acid, 277.

Amiduhn, 297.

Ammonia, in urine, 436; determina-

tion of, 437; Nencki-Steyrer

method, 483; Schlosing method,

437.

ratio of, to nitrogen, 437.

Ammonium, hydrate solutions, table

of sp. grav. of, 691.

magnesium phosphate in gastric

contents, 276; in urine, 605.

urate crystals in urine, 604.

Amoeba, coli, 339.

dysenteriae, 340.

in saliva, 341, 378.

in urine, 341.

Amylodextrin, 297, 379.

Amylosis, 409.

Anaemia, 129.

albuminuria in, 508.

aplastic, 176.

chlorotic, 135.

intermediate types of, 180.
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Anaemia, pernicious, 149.

splenic, 161, 177.

Anaemia, secondary, in acetanilid

poisoning, 142.

in acute infectious processes, 139.

in bad hygienic conditions, 138.

in carcinoma of stomach, 144.

in gastro-intestinal diseases, 139.

in general disease, 139.

in haemorrhage, 131.

in heart disease, 189.

in intestinal parasites, 149, 350,

351.

in malarial fevers, 140.

in nephritis, 190.

in nitrobenzol poisoning, 142.

in poisoning, 140.

in prolonged suppuration, 139.

in syphilis, 139, 188.

in tumors, 143.

Anaesthesia, acetonuria, following, 550.

albuminuria following, 598.

casts following, 598.

glycosuria following, 515.

Anchylostoma duodenale, 368.

anaemia due to, 147.

Anderson, on spotted fever, 222.

Angina, pseudomembranous, 649.

simple, 647.

Vincent's, 649.

Aniline water-gentian violet stain,

684.

Animal inoculation, 615.

Annett, Button, and Elliot, on the

filariae, 219.

Anthracosis, 408.

Anthrax bacilli, in sputum, 397.

in exudates, 642.

Antipyrin, in urine, 578.

Apert, on pyramidon in urine, 412,

588.

Aplastic anaemia, 176.

Apparatus, 684.

Arabinose, 515, 538; estimation of,

542.

Arachnoidea, 372.

Argutinsky, on stippling of red blood

cells, 99.

Aristol, in urine, 579.

Arloing and Courmont, on agglutina-

tions in tuberculosis, 250.

Arneth, on neutrophiles, 121.

Arnold, on blood spectra, 14.

test for diacetic acid in urine, 553.

Aromatic bodies, in urine, 442.

Arrhenius, on ionic conductivity, 59.

Asaprol in urine, 579.

Ascaris lumbricoides, 370.

Ashford, on filariasis in Porto Rico,

213.

Askanazy, on Bence Jones proteid,

511.

on blood crises, 132.

on Bothriocephalus, 350.

on Bothriocephalus anaemia, 148.

on mitosis in megaloblasts, 154.

on Trichocephalus, 365.

Aspelin, on haematocrit determina-

tions, 10.

Asthma, bronchial, sputum in, 406.

Atkinson, on Bacillus pestis in blood,

227.

Atlee, on bronchial concretions, 384.

Atomic weights, 694.

Atropine, in urine, 579.

Auerbach and Friedenthal, on alka-

linity of urine, 413.

Autenrieth and Barth, test for oxalic

acid, 436.

Babcock, test for fat in milk, 673.

Bacillus, anthracis, in sputum, 397.

in exudates, 642.

diphtheriae, in conjunctiva, 643; in

healthy throats, 647; Neisser

stain, 646; persistence of, 646; in

the nose, 379; virulence of, 647.

of Boas-Oppler, 275.

of Koch-Weeks, 644.

of Morax-Axenfelds, 644.

maximus buccalis, 377.

mucosus capsulatus, in sputum,

400.

proteus vulgaris, in sputum, 404.

smegmae, in faeces, 316; in sputum,

396; in the mouth, 377; in urine,

613.
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Bacillus, tuberculosis, sedimenting,

Biedert's method of, 393; Joch-

mann's method, 394; Gabbett's

method of staining, 391 ; in blood,

227; in faeces, 315; in sputum,

389; in urine, 613; Pappenheim's

method of staining, 392; Ziehl-

Neelsen stain, 390.

typhosus, in urine, 612.

xerosis, 644, 646.

Bacteria, in faeces, 315.

in intestine, 307.

in nose, 379.

in saliva, 377.

in sputum, 388.

in urine, 612.

Bacteria, staining properties of, 641.

Balantidium coli, 342.

Baldwin, on oxaluria, 435.

on quantitative test for oxalates,

436.

Bang, test for albumose, 513.

Banti, on splenic anaemia, 162.

on types of leukaemia, 162.

Barbados aloin reaction for blood, 12.

Barfoed's reagent, 687.

Barth, on value of cryoscopy, 631.

Baryta mixture, 478.

Basophile cells, 103.

in ascitic fluids, 124.

in bone marrow, 115, 117.

Basophile substances in red cells, 97.

leucocytosis, 124.

Basophilia, in myelogenous leukae-

mia, 124.

after haemorrhage, 124.

in carcinoma with cachexia, 124.

in chronic skin diseases, 124.

Basset-Smith, on agglutinations in

Malta fever, 250.

Baumann, on hydrochinon, 456.

on specific gravity of blood, 35.

Baumann and v. Udranszky, on dia-

mins, 461.

Baumgarten, on Oliver haemocytom-
eter, 50.

Baumstark, on benzaldehyde reac-

tion for indol, 328.

Bayliss and Starling, on "secretin,"

306.

Beck, ref . to, on diphtheria bacilli, 647.

Beckmann, freezing-point apparatus,

61, 628.

Beitzke, on Vincent's angina, 649.

ref. to review of methods of con-

centrating tubercle bacilli, 395.

Benario, on fixing blood, 77.

Bence Jones proteid, 410,493,509,510.

Bendix, on pentosuria, 539.

Benedict, on value of gastric analyses,

283.

Benzoic acid in urine, 452.

van den Berg, on blood in scarlatina,

185.

Bergell, test for beta-oxybutyric acid

in urine, 554.

Berkeley, on mosquitoes, 211.

Bernert, ref. to, on chyloid exudates,

638.

Bertelsmann, on streptomycoses, 225.

Best, on iodophilia, 58.

Beta-oxybutyric acid, Bergell's test

for, 554.

Darmstaedter's test for, 555.

formula of, 547.

in urine, 554.

quantitative determination of, 554.

tests for, 554.

Betol, in urine, 579.

Bettmann, on diluting fluids, 41.

on eosinophiles, 121.

on fibrinous bronchitis, 404.

Belts, on chalicosis, 408.

Bezan<;on and Griffon, on agglutina-

tion of pneumococcus, 250.

Bezanffon and Labbe, ref. to Traite

d'hematologie, 258.

Bial, on pentosuria, 539.

test for glycuronic acid, 545.

test for pentose in urine, 541.

Bibergeil, on basophiles in exudates,

124.

Bickel, on conductivity, 69.

Biedert, sedimentation of tubercle

baciUi, 393.

Bierfreund,on blood regeneration, 131.
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Bile acids, in urine, 573.

Hay's test for, 573.

Pettenkofer's test for, 573.

Bile pigments, in fseces, 330.

in sputum, 382.

in urine, 562,

Bilharz, on Hymenolepis nana, 353.

Bilharzia hsematobia, 343, 345, 567,

576.

Bilicyanin, in urine, 566.

Stokvis' test for, 566.

"Biliousness," importance of indoxyl

tests in, 446.

Bilirubin crystals, in urine, 604.

in exudates, 639, 650.

in faices, 310, 331.

in sputum, 382.

in urine, 562; tests for, 563; Gme-
lin's, 563; Hammarsten's, 564;

Jolles', 565; Rosenbach's 564;

Smith-Rosin, 564.

Biliverdin, in sputum, 382.

Billet, on leucocytes in malaria, 202.

Billings, on eosinophiles, 122.

Billings and Capps, on acute my-
elogenous leukaemia, 167.

Biltz, on cryoscopy, 60.

Biondi, on precipitin reactions, 256.

Bismuth crystals, in fseces, 316.

Biuret reaction, for proteids, 491.

for urea, 472.

Blastomycosis, 376.

Bleeding animals, technique for, 253.

Block, on acute lymphatic leukaemia,

164.

on aplastic anaemia, 176.

on diminution of eosinophiles, 122.

on eosinophiiia in hydatid disease,

123.

on megaloblasts, 153.

Blood, absorption spectrum of, 12.

agglutination reactions, 229.

alkalinity of, 2, 52 ; Dare's method,

53; Engel's method, 52; Lowy's

method, 52.

amount which can be obtained by
bleeding, 9.

bacilli found in, 227.

Blood, bacteriology of, 223.

Barbados aloin reaction for, 12.

coagulation time of, 53.

color reactions of, 55; Bremer's

test, 55; Williamson's test, 55.

electrical conductivity of, 2, 66.

examination of, 3.

examination of fresh, 69.

freezing point of, 2, 59, 630.

general considerations, 1.

general pathology of, 181.

guaiac reaction for, 11.

haemoconien in, 1.

in childhood, 108.

in faeces, 310, 328; Donogd,ny test

for, 329; guaiac test for, 329;

iron test for, 330; Teichmann's

test for, 329; Weber's test for,

329.

in gastric contents, 274; tests for,

274.

in sputum, 382, 384.

in urine, 566 ; tests for, 569 ; Dono-

gany's test, 570; guaiacum test,

569; Heller's test, 569; spectro-

scopic test for, 570.

iodophilia in, 56.

iron content of, 32.

methaemoglobin in, 568.

morphology of, 69.

needle for obtaining, 4.

number of corpuscles in, 2.

obtaining, from infants, 4.

obtaining large quantities of, 5;

small quantities of, 3.

parasitic diseases of, 191.

pigments of, 10.

precipitin reactions, 251.

reaction of, 2, 52.

specific gravity of, determination

of, 2, 33 ; Hammerschlag's meth-

od, 34; Schmaltz' method, 33.

tests for, 11; in faeces, 328; in gas-

tric contents, 274; in urine,

569.

total solids of, 51. '

total volume of, methods of ob-

taining, 8.



710 INDEX

Blood, typhoid bacilli in, 228.

Blood casts, in urine, 598, 601.

Blood cells, red, 1, 70.

basophile substances in. 97.

composition of, 6.

crenation of, 91.

enumeration of, 36.

in bone marrow, 115.

in urine, 592.

indirect estimation, 49.

megaloblasts, 95.

megalocytes, 92.

microblasts, 97.

microcytes, 92, 97.

morphology of, 90.

normoblasts, 92.

nucleated, 92, 95, 97.

poikilocytes, 92.

relative volume of, 9.

stippling of, 99, 193, 199, 202.

types of, in abnormal blood, 92.

types of, in normal blood, 90.

Blood cells, white, see leucocytes.

Blood changes, in chicken pox, 186.

in diphtheria, 185.

in erysipelas, 187.

in heart disease, 189.

in leprosy, 189.

in malaria, 201.

in measles, 186.

in meningitis, 188.

in nephritis, 190,

in pertussis, 187.

in pneumonia, 184.

in rheumatism, 187.

in scarlet fever, 185.

in septicaemia, 187.

in spotted fever, 222.

in surgical conditions, 181.

in syphilis, 188.

in tuberculosis, 188.

in typhoid fever, 182.

in vaccinia, 186.

in variola, 186.

Blood cultures, bacteria in: B. aero-

genes capsulatus, 227; B. an-

thracis, 227; B. coli communis,

227; gonococcus, 227; B. influ-

enza, 228; B. lepra?, 227; B. par-

atyphosus, 227; B. pestis, 227;

pneumococcus, 226; B. pyocy-

aneus, 227; staphylococcus, 226;

streptococcus, 225; B. tuber-

culosis, 227; B. typhosus,

228.

diagnostic value of, 228.

in pneumonia, 227.

results of, 225.

technique of, 223.

Blood dust, 1, 71, 117.

Blood-forming organs. 111.

Blood plates, 1.

morphology of, 100.

Blood serum, composition of, 7.

specific gravity of, 36.

Blood smears, chemical fixation of, 77.

fixation of, 75.

heat fixation of, 75.

preparation of, 71.

staining of, 78.

Blood stains, 78.

Ehrlich triacid stain, 81.

Eosin-methylene azure, 86.

Eosin-methylene blue, 80.

Goldhorn stain, 85.

Jenner stain, 81.

Nocht stain, 83.

Thionin stain, 88.

Wood stain, 87.

Wright stain, 84.

Bloodgood, leucocytosis in appendi-

citis, 182.

Blum, on leucopenia, 118.

Blumenthal and Rosenfeld, on indoxyl,

446.

Blumenthal, on estimation of hip-

puric acid, 454.

on m. p. of pentosazon, 541.

Blumer and Neuman, on eosinophilia

in trichinosis, 123.

Boas, on anaemia due to nitrobenzol,

142.

on Congo red in gastric analysis,

279.

on normal amount of gastric juice,

259, 302.
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Boas, on quantitative test for lactic

acid, 290.

on stool sieve, 308.

on tropseolin paper, 277.

test for hydrochloric acid, 277,

279.

test meal, 265.

Boas-Oppler bacilli, in gastric con-

tents, 275.

Bocarius, on Florence reaction, 622,

Boettcher, on Bothriocephalus, 350.

Bondzynski and Planck, on alloxy-

proteic acid, 452.

Bone marrow, adult, 113.

red cells in, 115.

white cells in, 115.

Bonniger, on modification of Kelling's

test, 289.

on Sahli test meal, 264.

Bordeaux red reaction for diacetic

acid in urine, 552.

Bordet, on precipitins, 251.

Boric acid in milk, tests for, 680.

Borissowa, on splenic anaemia, 162.

Boston, on Bence Jones proteid,

511.

Bothriocephalus latus, 348.

anaemia due to, 148, 351, 350.

Bottcher's crystals, 620.

Bouchardat, table for sp. gr. of urine,

417.

Bouma, on quantitative test for in-

doxyl, 449, 451.

Boycott and Haldane, on uncinarial

anaemia, 148.

Brackett, Stone, and Low, on aceto-

nuria after anaesthesia, 550.

Brat, on pentosuria, 539.

Braun, on amoeba, 341.

on Trematode worms, 346.

Braunstein, on urea determinations,

478.

Bremer, on color reactions in diabetes,

55.

test for color reactions of the

blood, 55.

Breuer, on simple form of counting

chamber. 46.

Brinckerhoff and Tyzzer, on bone

marrow, 119.

Brion, on cytodiagnosis, 654.

Bromine in urine, 579.

Bronchi, fibrinous casts of, 383, 404.

Bronchial asthma, eosinophilia in,

122.

Bronchitis, acute, sputum in, 403.

chronic, sputum in, 403.

fibrinous, sputum in, 404.

Brown, on anaemia due to acetanilid,

142.

on eosinophilia in trichinosis, 123.

on Strongyloides intestinalis, 362.

Brown, Tilden, value of cryoscopy,

632.

Browne and Compton, on agglutina-

tion in cholecystitis, 243.

Bruce, Nabarro, and Grieg, on sleeping

sickness, 220.

Brucine, in urine, 579.

Bruining, laevulosuria in hepatic dis-

ease, 532.

Bruns and Kayser, on paratyphoid,

247.

Bugarsky and Tangl, on conductivity,

69.

Bulawinzew, on gastric secretion, 261.

Bunge and Schmiedeberg , on estima-

tion of hippuric acid, 454.

Bunge and Trantenroth, on differen-

tial stain for smegma bacilli, 396.

Burghart, on diazo-reaction, 557.

Burian and Schur, on endogenous

purin, 481.

Butyric acid in gastric contents, test

for, 291.

Bythell, on purulent exudates, 639.

Cabot, on granular degeneration, 99.

on leucocytosis in tuberculosis,

188.

on lymphocytosis in pertussis, 187.

on ring bodies, 92,

reference to Clinical Examination

of Blood by, 258.

Cacodylic acid, in urine, 580.

Cadaverin, in urine, 461.
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Caffeine, in urine, 580.

Calandruccio, on Hymenolepis nana,

353.

Calcium carbonate crystals, in urine,

604.

Calcium oxalate, calculi, 608.

crystals, in gastric contents, 270;

in faeces, 316; in sputunj, 388; in

urine, 434, 602.

Calcium phosphate crystals, in faeces,

316.

in urine, 604.

Calculi, analysis of, 610.

calcium carbonate, 609.

calcium oxalate, 608.

cholesterin, 609.

cystin, 609.

indigo, 447, 609.

intestinal, 338.

mixed, 609.

phosphatic, 346, 609.

uric acid, 608.

urostealith, 609.

xanthin, 609.

Calvert, on Bacillus pestis in blood,

227.

on eosinophilia in filariasis, 216,

123.

Calvo, on urinary proteids, 491.

Cammidge, on test for pancreatic dis-

ease, 653.

de la Camp, on pyocyaneus sepsis,

227.

Camphor, in urine, 580.

Cane sugar, see saccharose.

Canon, on basophilia, 124.

on Bacillus influenzae in blood, 228.

Cantharidin, in urine, 580.

Capps, on volume index, 10.

Carbohydrates, in faeces, 337.

in urine, 513.

reactions for proteids, 492.

reactions of, 548.

Carbol-fuchsin, 683.

Carbol-thionin, 684.

Carbon monoxide haemoglobin, 19.

testing air for, 21.

tests for, 20; Katagama's, 21; so-

dium hydrate, 20; spectrogcopie,

20; tannin, 21.

Carcinoma, of lungs, sputurn in, 407;

of rectum, faeces in, 324; of stom-

ach, 303, 304; chlorides in urine

in, 423; anaemia due to, 144.

Carcinoma cells, in gastric contents,

. 276.

Carrara, on cryoscopy of blood in

drowning, 61.

Casagrandi e Barhagallo, on amoeba,

339. :

Casein, in milk, 678.

in faeces, 313, 326; Leiner's test for,

326.

Castellani, on absorption of agglu-

tinins, 244.

on sleeping sickness, 220, 221.

Casper and Richter, on nitrogenous

excretion through kidneys, 625.

Casts, 595; diagnostic value of, 598.

blood, 598, 601.

epithelial, 597, 600.

granular, 597, 600.

hyaline, 596, 598.

pus, 598, 601.

waxy, 598, 600.

Casts, fibrinous, of bronchi, 383, 404.

Cathcart, on bromides in urine, 579.

Catheterization of ureters, 627, 628.

Cercomonas hominis, 342.

Cerebrospinal fluid, 380, 663.

Cestoda, 346.

Chajes, laevulosuria in hepatic dis-

ease, 532.

Chalicosis, sputum in, 408.

Charcoal in faeces, 316.

Charcot-Leyden crystals, 379, 384,

387, 388, 406.

in faeces. 316.

in nasal secretion, 379.

,
in sputum, 384, 387.

Chemistry of faeces, 324.

Chiari, on indigo calculi, 447.

Chicken-pox, blood changes in, 186.

Chlorides, excretion of, through kid-

. neys, 625.

Chloral hydrate, in urine, 580.
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Chloroform, in urine, 580.

Chlorides in urine, amount of, 423.

determination of: Mohr's method,

425; Volhard's method, 426.

in nephritis, 424, 625.

in pneumonia, 424; tests for, 425;

reduction of, 423.

Chlorosis, 135.

Cholecyanin, absorption spectrum of,

331.

in faeces, 331.

in urine, 566.

Cholelithiasis, leucocytosis in, 184.

Cholera, agglutination reaction in, 249.

faeces in, 324.

Cholera red reaction for indol, 444.

Cholesterin, calculi, 609.

crystals, in faeces, 316; in sputum,

387.

in faeces, 306, 336.

in gastric contents, 276.

in urine, 572.

Chrysarobin, in urine, 580.

Christen, on chyloid exudates, 637.

Christy, on entrance of merozoites,

193.

Chylous exudates, 636.

Chyloid exudates, 637.

Chymosin, 259.

in gastric contents, tests for, 295.

Cleaning hands from aniline dyes, 703.

Cleaning slides and cover glasses, 702.

Clearing urine, 493.

Clemens, on diazo-reaction, 556, 557.

Cloetta, on globulin quotient, 508.

on oxyproteic acid, 452.

Coagulation time of the blood, 53.

methods of determining, 54.

Cocaine in urine, 580.

Cochineal, 690.

Cohn, on morphology of milk, 670.

Cohnheim, on Bence Jones proteid,

511.

on erepsin, 306.

on infusoria, in gastric contents,

275.

Colasanti and Moscatelli, on lactic

acid in urine. 575.

47

Colchicin, in urine, 581.

Cole, on blood cultures in pneumonia,

227.

Coleman and Buxton, on paratyphoid,

247.

on typhoid bacilli in blood, 228.

Coles, on smegma bacilli, 397.

Colon bacilli, agglutination reactions

with, 248.

Color reactions of blood, 55.

Congestion of lung, sputum in, 407.

Congo paper, 689.

Congo red, 689.

test for hydrochloric acid, 277,

279.

Coproliths, 338.

Coprosterin, 306, 336.

Coriat, on Bence Jones proteid,

511.

Councilman and Lafleur, on amoebic

dysentery, 340.

Courmont, on Widal reaction during

convalescence, 241.

Courmont and Montagard, on blood

in variola, 186.

Cover glasses, cleaning, 702.

Craig, on Uncinaria duodenale in

Philippine Islands, 369.

Cream, test for, 675.

Creatin, 463.

Creatinin in urine, tests for, 462.

Jaffe's test, 463.

Neubauer-Salkowski method, 444.

Weyl's reaction, 463.

Cresol, in urine, 442.

Creolin, in urine, 581.

Crotonic acid, 554.

melting point of, 554.

Cryofin, in urine, 581.

Cryoscopy, 58.

technique of, 61.

Crystals, ammonium-magnesium
phosphate, in urine, 605.

in faeces, 316.

in sputum, 388.

Crystals, Bottcher's, 620.

bismuth, in faeces, 316.

Charcot-Leyden, in faeces, 316; in
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nasal secretion, 379; in sputum,

884, 387.

cholesterin, in feces, 316; in spu-

tum, 387.

fatty acid, in feces, 316; in sputum,

387.

hsematoidin, in feces, 316; in spu-

tum, 388; in urine, 604.

in acid urine, 601.

in alkaline urine, 604.

in feces, 316.

in neutral urine, 604.

in sputum, 388.

in urine, ammonium urate, 604;

bilirubin, 604; calcium carbon-

ate, 604; calcium oxalate, 434,

602; cystin, 602; hippuric acid,

604; potassium urate, 601; so-

dium urate, 601 ; tricalcium phos-

phate, 604; trimagnesium phos-

phate, 604 ; triple phosphate, 605

;

uric acid, 601.

leucin, in sputum, 388; in urine,

603.

relation to reagents, 607.

tyrosin in sputum, 388; in urine,

603.

urea, 472.

urea nitrate, 472.

Curschmann, leucocytosis in appen-

dicitis, 182.

spirals in sputum, 383, 384, 407.

Gushing, on late Widal reactions, 242.

Cyanogen compounds, 22.

Cyanosis, 60.

with methsemoglobina^mia, 568.

Cylindroids, in urine, 596.

Cystin, calculi, 609.

crystals, in urine, 602.

in urine, 459.

tests for, 460, 461.

Cystinuria, 459, 461.

Cyst fluids, 651.

echinococcus, 651.,

hydronephrotic, 652.

ovarian, 651.

pancreatic, 652.

parovarian, 651.

Cystitis, 616.

Cytodiagnosis, 653.

technique of, 653.

Cytology, of normal fluids, 656.

of pathological fluids, 656.

of pleural exudates, 656.

Cytoscopy, diagnostic value of, 659.

Czaplewski, on spore-like bodies in B.

tuberculosis, 392.

DaCosta, on eosinophilia in trichino-

sis, 123.

on pseudoleuksemia, 161.

ref. to Clinical Hsematology by, 258.

Damaskin, on iron in urine, 440.

Daniels, on dissection of mosquitoes,

211;onfilaria, 218, 219.

Dare, hsemoglobinometer, 32.

method for determining alkalinity

of the blood, 53.

Darmstaedter, test for beta-oxybu-

tyric acid in urine, 555.

Davainea Madagascariensis, 354.

Deniges, reaction for tyrosin, 458.

Deucher, fat absorption in pancreatic

disease, 333.

Dextrin, 379.

Diabetes, 516.

color reactions of the blood in, 55.

diagnosis of, 516.

prognosis of, 529.

types of, 516, 517.

Diamins in urine, 461.

tests for, 466.

Diaminuria, 461.

Diastase, in pancreatic cyst fluid, 653.

in pancreatic secretion, 306.

in saliva, 378.

Diazo-reaction, 556.

in carcinoma of peritoneum, 559.

in measles, 558.

in pneumonia, 558.

in scarlatina, 558.

in tuberculosis, 557.

'

in typhoid fever, 556.

Dibothriocephalus latus, 348.

Dicroccelium lanceatum, 343.

Dietetic albuminuria, 507.

'
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Differential count, importance of in

obscure surgical conditions, 181.

method of making, 74, 89.

Dimethyl-amido-azobenzol, use as an

indicator, 280, 689.

Dionin in urine, 581.

Diphtheria, blood changes in, 185.

exudate in, 645.

nasal, 648.

pharyngeal, 647.

Diphtheria bacillus, 646.

in healthy throats, 647.

Loeffler stain for, 646, 684.

Neisser stain for, 646.

persistence of, 647.

virulence of, 647.

Diphtheritic exudates, 645.

Diplogonophorus grandis, 357.

Dipylidium caninum, 352.

Distoma, pulmonale, 344

Ringeri, 344.

Sibiricum, 344.

Distomida, 343.

Distomum hsematobium, syn. of Bil-

harzia ha?matobia and Schisto-

somum haematobium, 345, 567.

Distomum hepaticum, 343.

lanceolatum, 343.

spathulatum, 344.

Dock, on intercurrent infections in

leukaemia, 175.

Doflein, on amoeba, 341.

Donogdny, test for blood, 274, 329,

. 570.

Doremus, urea apparatus, 474.

Douglas and Hardy, on eosinophiles,
'
122.

Dourine, 221.

Drake, on eosinophiles in trichinosis,

122.

V. Drigalski and Conradi, on isolation

of B. typhosus from stools, 323.

Drug reactions, 578.

V. Dungern, on precipitins, 252.

Dunlop, on oxalates in urine, 434.

Durham, on pipette for agglutination

reactions, 234.

Dutton, on Trypanosoma, 219.

Duval and Bassett, on dysentery

bacilli, 322.

Dyes, aniline, theory of action of, 79.

formulae for, 683.

removing from hands, 703.

Dysentery, agglutination reactions in,

248.

bacillus of, 322; isolation from

faeces, 322.

faeces in, 321.

Dyspepsia, nervous, 302.

Echinococcus, 358.

cysts, 359, 651.

in sputum, 384.

Eckhardt, on agglutination in jaun-

dice, 242.

Eclampsia, puerperal, 632.

Ehlich and Lindenthal, on anaemia

due to nitrobenzol, 142.

Ehrlich diazo-reaction, 556.

Ehrlich, on anaemia due to malignant

growths, 146.

on aniline water-gentian violet

stain, 640.

on aplastic anaemia, 176.

on indol reaction, 327, 444.

on iodophilia, 58.

on pernicious anaemia, 149.

on the theory of the action of

stains, 79.

triacid stain, 81.

Ehrlich and Lazarus, ref. to Die Ana-
mie, by, 258.

Ehrnrooth, on Balantidium coli, 342.

Einhorn, on fragments of gastric mu-
cosa, 276.

on sieve for stools, 308.

saccharometer, 527.

Einhorn and Laporte, on approximate

method of haemocytometry, 49.

Eisenberg and Volk, on proaggluti-

noids, 237.

Elastic tissue, in sputum, 385.

orcein stain for, 386.

Weigert's stain for, 386.

Electrical conductivity of the blood,

2, 66.
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Electrical conductivity of tlie blood,

determination of, 66.

Electrolytic test for lead in urine, 583.

Elephantiasis, 213.

EUinger, on estimation of indoxyl,

449.

Elsberg, on Widal reaction, 242.

Eisner, on menstrual influences on

gastric juice, 268.

Empyema, sputum in, 406.

Endocarditis, blood changes in, 189.

Endogenous purin, 481.

Engel, C. S., on hsemo-alkalimeter,

52.

on blood, 258.

on metrocytes, 97, 111.

on myelocytes in diphtheria, 185.

Engel, K., cryoscopy in persons with

malignant tumors, 631.

Engelmann, cryoscopy in persons

with malignant tumors, 631.

Enteritis, membranous, fseces in, 320.

Entero-colitis, acute, fseces in, 320.

chronic, faeces in, 320.

Enterokinase, 306.

Enteroliths, 338.

Enzymes, in gastric contents, 298.

in intestine, 306.

Enzymes, in pancreatic secretion,

306.

in saUva, 378.

Eosin-methylene azure stain, 86.

Eosin-methylene blue stain, 80.

Eosinophile cells, in blood, 103.

in bone marrow, 115.

in sputum, 384, 407.

Eosinophile myelocytes, 105, 116

174.

Eosinophilia, 121.

in bronchial asthma, 122.

in filariasis, 123, 216.

in gonorrhoea, 123.

in hydatid disease, 123.

in scarlatina, 123, 185.

in skin diseases, 122.

in sputum, 384, 407.

in trichinosis, 123.

post-febrile, 123.

Eosinophilia, toxic, 123.

with intestinal parasites, 122.

with malignant growths, 133.

Epiguanin, 488.

Episarkin, 488.

Epithelial casts in urine, 597, 600.

Epithelial cells, in fseces, 315.

in sputum, 385.

in urine, 393.

Erepsin, 306.

Erysipelas, blood changes in, 187.

Erythrocytes. See Blood cells, red.

Erythrodextrin, 297.

Esbach, test for albumin in transu-

dates, 634.

in urine, 502.

reagent for, 689.

Euchlorhydria, 286.

Euglobulin, in transudates, 634-

in urine, 491.

Euphorin, in urine, 581.

Eustrongylus gigas, 367.

Ewald, on lactic acid in gastric atro-

phy, 305.

salol test, 299. .

test meal, 261.

Ewing, on ansemia in syphihs, 191.

on leucocytes in diphtheria, 185.

on precipitin tests, 256.

ref. to Chn. Path, of Blood by^

258.

Ewing and Strauss, on precipitins,

253, 257.

Exalgin, in urine, 581.

Examination of fresh blood, 69.

Exodin, in urine, 581.

Exogenous purin, 481.

Exudates, 633, 635.

chyloid, 637.

chylous, 636.

cytology of, 656.

diphtheritic, 645.

hsemorrhagic, 637.

in heart disease, 657.

in leukaemia, 658.

in pneumococcus pleurisies, 658.

in renal disease, 657.

in septic pleurisies, 659.
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Exudates in streptococcus pleurisies,

659.

in syphilitic pleurisies, 658.

in tumor of the peritoneum, 658.

in tunior of the pleura, 658.

peritoneal, 659.

pleural, 656.

purulent, 639.

putrid, 650.

serous, 636.

tumor cells in, 638, 658.

Fsecal matter in gastric contents,

tests for, 270.

Faeces, albuminous substances in,

313, 325.

amount of, 308.

bacteria in, 308, 315.

bile pigments in, 330.

bismuth crystals in, 316.

blood in, 310, 315, 326; tests for,

Donogdny's, 329; guaiac test for,

330; iron test for, 330; Teich-

mann's, 329; Weber's, 329.

carbohydrates in, 337.

casein in, 313, 326.

charcoal in, 316.

chemistry of, 324.

cholecyanin in, 331.

cholesterin in, 336.

color of, 309.

composition of, 306.

consistence of, 309.

coprosterin in, 306, 336.

crystals in, 316.

drying for analysis, 324.

epithelium in, 315.

examination after test meals, 318.

examination of, macroscopical. 307.

examination of, microscopical, 311.

fat in, tests for, 313, 332, 334.

fermentation test, 319.

food remnants in, 311.

form of, 309.

frequency of, 309.

gall-stones in, 337.

general considerations, 306.

glucose in, 337.

Fseces, hydrobilirubin in, 306, 310,

331.

iron in, 316.

in disease, 320.

in carcinoma of the rectum, 325.

in cholera, 324.

in dysentery, 321.

in enteritis, membranous, 320.

in entero-colitis, acute, 320; chron-

ic, 320.

in gastro-enteritis, 321.

in intussusception of the intestine,

324.

in typhoid fever, 323.

in ulcer of the intestine, 321.

indol in, 327.

lactose in, 337.

lecithin in, 336.

leucin in, 327.

leucocytes in, 314.

leucohydrobilirubin in, 310, 331.

molds in, 315.

mucus in, 310, 315, 326.

muscle fibers in, 311.

nitrogen of, 325.

nucleo-albumin in, 326.

pancreatic calculi in, 339.

phenol in, 327.

pus in, 310,

reaction of, 319.

sarcinae in, 315.

skatol in, 327.

starch in, 312, 337.

total solids of 324.

tyrosin in, 327.

vegetable cells in, 313.

washing of, 308.

yeasts in, 315.

Fasciola hepatica, 343.

Fat, absorption of, 333, 334.

excretion of, in fseces, 332.

in faeces, 313, 332; tests for, 334.

in gastric contents, 273.

in milk, 672.

in urine, 575.

Fat splitting ferment, tests for, 295.

Fat stains, 273, 313, 684.

Fatty acid crystals, in faeces, 316.
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Fatty acid crystals, in gastric con-

tents, 274, 290.

in sputum, 387.

Fatty acids, in faeces, 334, 336.

in gastric contents, 274, 290.

in urine, 576.

Favus, 374.

Febrile albuminuria, 507.

Federmann, leucocytosis in appen-

dicitis, 182. '

Fehling's solutions, 521, 688, 689.

test for glucose in urine, 518, 521.

Fermentation test, for faeces, 319.

for glucose in urine, 527.

saccharometers for, Einhom, 527;

Lohnstein, 529.

Ferments, intestinal, 306.

enterokinase, 306.

erepsin, 306.

fat-splitting, 259, 260.

in gastric juice, 298.

in saliva, 378.

in sputum, 404.

in urine, 597.

milk coagulating, 259, 260.

Fibrin, in sputum, 387.

Weigert's stain for, 403.

Filaria, Bancrofti, 212.

Demarquaii, 217.

diurna, 217.

gigas, 219.

medinensis, 363.

nocturna, 212.

Ozzardi, 217.

perstans, 217.

table for identification of, 218.

Filariasis, 212.

mode of infection in, 216.

Filter paper, 687.

Fingerling and Morgan, on Kjeldahl

method, 467.

Fischer, on purin, 481.

Fischer and Bergell, on isolation of

cystin, 460.

Fisher, on Vincent's angina, 649.

Flagellata, 341.

Flatow, on maltosuria, 537.

Fleischl hsemoglobinometer, 23.

Fleischl-Miescherhaemoglobinometer,

26.

Flexner, on amoebae in pus, 378.

on dysentery bacilli, 248, 322.

Florence, reaction for spermatic fluid,

621.

Fluids, normal, cytology of, 656.

pathological, cytology of, 656.

Folin, on alkalinity of urine, 413, 414.

on determination of creatinin, 464.

on determination of urea, 479.

on determination of uric acid, 486;

by modified Hopkins' method,

486; by modified Ludwig-Sal-

kowski method, 487.

Forde, on Trypanosoma, 219.

Formaldehyde, in milk, tests for, 678.

in urine, crystals due to, 601.

Fowler, transition of lymphatic to

myelogenous leukaemia, 179.

Fraenkel, A., on acid resisting bacilli

in sputum, 396.

on number of pneumococci in blood,

227.

Freezing point, of blood, 2, 59, 631,

632.

of gastric contents, 259.

of spinal fluid, 663.

of urine, 628.

Freund and Joachim, on globulins, 7.

Friedenthal, on alkalinity of the urine,

413.

Friedlander, bacillus in sputum, 400.

Frohde, reagent for morphine, 586.

Functional efliciency of the kidneys,

622.

Fungi, in sputum, 402.

Furbringer, on oxaluria, 434.

Futcher, on alkaptonuria, 455.

on fixing blood, 77.

ref. to, on theories of gout, 483.

Gahhett, stain for B. tuberculosis, 391,

684.

Oahritschefsky, on iodophilia, 58.

Gall-stones, 337.

chemical examination of, 337.

search for, in faeces, 307.
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Gangrene of lung, sputum in, 404.

Garrod, on alkaptonuria, 455.

Gastric contents, 259.

acetic acid in, 291.

acidity of, 279.

amount of, 259, 270.

blood in, 274.

Boas-Oppler bacilli in, 275.

butyric acid in, 291.

carcinoma cells in, 276.

chemical examination of, 276.

chymosin in, 295.

color of, 269.

crystals in, 276; ammonium mag-
nesium phosphate, 276; calcium

oxalate, 276; cholesterin, 276;

leucin, 276; tyrosin, 276.

Donogany's test for blood in, 571.

enzymes in, 298.

faecal matter in, 270.

fat in, 273.

fatty acids in, 274, 290.

hydrochloric acid in, 276.

lactic acid in, 288.

macroscopic examination of, 269.

microscopical examination of, 272.

mucous membrane in, 275.

obtaining, 266.

odor of, 270.

organic acids in, 288.

pepsin in, 259, 292.

pepsinogen in, 292.

starch in, 297.

total acidity of, 283, 284.

Weber's test for blood in, 274.

Gastric juice, 259.

secretion of, 261.

total secretion of, 271.

Gastric ulcer, diagnosis of, 300.

hyperchlorhydria in, 287.

use of stomach tube in, 269.

Gastritis, atrophic, 301.

chronic, 302.

Gastro-enteritis, faeces in, 321.

Gastrosuccorrhoea, 301.

Gaucher and Bensaude, on eosino-

philes, 122.

Gerhardt, test for diacetic acid, 552.

Gerhardt and Schlesinger, on urinary

ammonia, 437.

Gerngross, leucocytosis in appendi-

citis, 182.

Gerschel, on Widal reaction, 241.

Ghon and Pfeiffer, on Micrococcus

catarrhalis, 398.

Giant cells, 117.

Giarre, on dangers of lumbar punc-
ture, 662.

Giemsa, on staining malarial para-
sites, 86.

Gilbert and Lippman, on agglutina-

tion in jaundice, 242.

Girard, on appendical lesions due to

Trichocephalus, 365.

Glaessner, on gastric ferments, 259.

on pancreatic juice, 306.

on secretion of chymosin and pep-
sin, 299.

Glanders bacilli, in sputum, 401.

Glaser, on indicators, 282.

Glass utensils, 684.

Globulin, in blood, 7.

in faeces, 325.

in transudates, 634.

in urine, 491.

Glucose, in faeces, 337.

in urine, 513, 514, 515, 516; Feh-
ling's test for, 518, 521; fermen-

tation test for, 527; Einhom
saccharometer, 527; Lohnstein

saccharometer, 529; Nylander's

test, 520; Pavy's test for, 523;

phenylhydrazin test for, 519;

Kowarsky's method, 520; von

Jakseh's method, 519; polari-

scopic test for, 525; Rudisch's

test for, 524; Trommer's test for,

518.

Glycerin jelly, 701.

preservation of urinary sediments

in, 592.

Glycocholic acid in urine, 573.

Glycocoll in urine, 459.

Glycosuria, 515.

Glycuronic acid, 542.

tests for, 545, 548.
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Glycuronic acid, Bial's test, 545.

Neuberg's test, 546.

phenylhydrazin test, 546.

Gmelin, test for bilirubin in urine, 563.

Gobell, alterations in secretion of

urine due to ureteral catheter-

ization, 627.

Goetjes, leucocytosis in appendicitis,

182.

Goldberg, on pyuria, 506.

Goldberger andWeiss, on iodophilia,58.

Goldhorn, on blood stain, 85.

Gonococcus, 612, 643.

Gonorrhoea, eosinophilia in, 123.

in the female, 619.

in the male, 617.

Gonorrhceal pus, 643.

Gout, 483.

Gower^, hsemoglobinometer, 28.

Graham-Smith, on diphtheria bacilli

in healthy throats, 647.

Graham-Smith and Sanger, on blood

tests, 256.

Gram, solution of iodine, 314, 379,

389, 640, 684.

stain for bacteria, 640.

stain for sputum, 388.

Gramann, on typhoid diagnosis by

Ficker's medium, 231.

Granular casts in urine, 597, 600.

Gravel, intestinal, 339.

Gravimetric determination of albu-

min in urine, 503.

Grawitz, on ancestral cells or myelo-

blasts, 174.

on polycythaemia, 128.

on sarcomatosis and leukaemia, 180.

ref. to Klin. Pathologic des Blutes,

258.

Gross, on amoebic dysentery, 340.

Gruber-Widal reaction in typhoid

fever, 229.

Guaiac test for blood in faeces, 329.

in urine, 569.

Guaiacol, in urine, 581.

Guillemot, Halle, and Rist, on bacteri-

ology of empyema, 650.

Guinea-worm, 363.

Gumprecht, on dangers of lumbar
puncture, 662.

Gunning, test for acetone in urine,

557.

Giinzberg, reagent, 277, 690.

Gwyn, on Widal reaction, 241.

Habermann and Ehrenfeld, on separa-

tion of leucin and tyrosin, 458.

Hadlik, on iron in urine, 440.

Haematin, 14.

Haematin, acid, 15.

alkaline, 15.

Haematin, crystallographic tests for,

17.

oxidation test for, 14.

spectroscopic tests for, 17.

Strzyzowski test for, 18.

Teichmann test for, 17.

Haematocrit, 9.

Haematoidin, 23.

Haematoidin crystals, in faeces, 316.

in sputum, 388.

in urine, 604.

Haematoporphyrin, 22, 550.

Haemotoporphyrinaemia, 571.

Haematoporphyrinuria, 559, 571.

Haematuria, 566.

Haemoconien, 1, 71, 117.

Haemoglobin, 10.

absorption spectrum of, 12.

composition of, 11.

guaiac reaction for, 11.

Haemoglobin, quantitative estima-

tion of, 28.

with Dare haemoglobinometer, 32.

with Fleischl haemoglobinometer,

23.

with Fleischl-Miescher haemoglo-

binometer, 26.

with Gowers haemoglobinometer,

28.

with Oliver haemoglobinometer, 30.

with Sahli haemoglobinometer, 29.

with Tallqvist haemoglobinometer,

31.

Haemoglobin, carbon monoxide, 19.

See also Carbon monoxide.
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Hsemoglobinuria, 566, 568.

Haemorrhage, anaemia following. 131.

blood crises following, 132.

leucocytosis following, 120.

blood regeneration following, 131.

Haemorrhagic exudates, 638.

Haldane and Smith, on total volume

of blood in body, 8.

Hall, on purin, 488.

Hallauer, on febrile albuminuria, 507."

Halliburton, on albumins, 7.

on uric acid, 481.

Hamburger, on Bence Jones proteid,

511.

on cryoscopy, 60.

on electrical conductivity, 67.

Hammarsten, ref. to Lehrbuch d.

phys. Chemie by, 261.

Hammxirsten, test for bilirubin in

urine, 564.

Hammerschlag, method of determin-

ing sp. gr. of blood, 34.

method of estimating pepsin, 293.

Hands, removing stains from, 703.

Harnack, tests for iodine in the urine,

582.

Harris, on amoebic dysentery, 340.

Hay, test for bile acids, 573.

Hayaschikawa, on isolating typhoid

bacilli from the stools, 323.

Hayem, ref. to Du sang, and Leyons

by, 258.

solution, 41.

Heart disease, blood changes in, 189.

exudates of, 657.

"Heart disease cells," in sputum, 385.

Heat test for albumin, with acetic

acid, 498.

with nitric acid, 497.

Heichelheim, on testing motility of

stomach, 300.

Hektoen, on streptococcus in blood

of scarlatina, 226.

Heller, on Bothriocephalus, 350.

test for albumin, 499, 502.

test for blood in urine, 569, 589.

Hemmeter, on heterochylia, 287.

Hepatic disease, laevulosuria in, 532.

Hermann, on diet and uric acid, 482.

Heroin, in urine, 581.

Hervieux, on formation of indoxyl,

446.

Heterochylia, 287.

Heteroxanthin, 488.

Heubner, on general infection by
Oidium albicans, 376.

Hewlet, on lipase in urine, 578.

on paratyphoid, 247.

V. Hibler, on general infection by
Oidium albicans, 376.

Higley, on early leucopenia in ty-

phoid, 183.

on early Widal reaction, 240.

on isolation of typhoid bacilli from

stools, 323.

Hildebrandt, on conjugation with

glycuronic acid, 411, 544.

Hill, test for lead in urine, 583.

Hippuric acid, 453.

crystals of, in urine, 604.

determination of, Blumenthal's

method, 454.

Hirschfeld,on a typical leukaemia, 178.

Hiss, medium for identification of ty-

phoid bacillus, 315, 323, 400.

on capsule stain, 400.

on isolation of typhoid bacillus

from stools, 323.

on lysis in agglutination reactions,

237.

Hiss and Russell, on dysentery bacilli,

249, 322.

Histon, 6, 11, 491.

Hitschmann and Lehndorf, on per-

nicious anaemia changing to leu-

kaemia, 178.

Hodgkin's disease, 160.

Hofbauer, on iodophilia, 58.

Hoffmann, on iron in urine, 439, 440.

Hofmeister-Salkowski, test for albu-

mose, in faeces, 326.

in urine, 512.

Hopkins, method of estimating uric

acid, 486.

Hopkins and Cole, on tryptophan re-

action, 492.
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Hottinger, on pyuria, 506.

Hunner, on late Widal reactions, 242.

Hwpjer, on estimation of hippuric

acid 454.

van Ledden-Hulsebosch, on morphol-

ogy of stools, 314.

Hyaline casts, in urine, 596, 598.

Hydatid disease, eosinophilia in, 123.

Hydrobilirubin, 306, 310, 330, 331.

Hydrochinon in urine, 456.

tests for, 456.

Hydrochloric acid, in gastric juice,

259.

amount of, in gastric juice, 284.

combined in gastric juice, 278.

determination of, according to

Boas, 279; according to Martius

and Liittke, 284; according to

Riegel, 279; according to Top-

fer, 280.

diagnostic value of, 286.

free, tests for, 277.

quantitative determination of, 279.

Hydronephrosis, 652.

Hymenolepis diminuta, 354.

Hymenolepis nana, 352.

Hyperchlohydria, 289.

Hyperleucocytosis, 119.

Hypersecretion of gastric juice, 301.

Hypobromite method of estimating

urea, 473.

Hypobromite solution, 473.

Hypochlorhydria in gastric contents,

286.

Hypoleucocytosis, 118.

Hypoxanthin, 488.

Icterus, agglutination reactions in,

242.

Ignatowski, on glycocoll, 459.

on leucin and tyrosin, 457.

Indican in urine. See Indoxyl.

Indicators, 689.

alizarin, 690.

cochineal, 690. •

Congo red, 689.

dimethyl-amido-azobenzol, 689.

Giinzberg's, 690.

Indicators, lacmoid, 690.

litmus, 690.

phenolphthalein, 690.

Indigo calculi, 609.

Indigo-carmine, excretion in urine,

626.

Indirect methods of counting blood

corpuscles, 49.

Indol, cholera-red reaction, 444.

Ehrlich's reaction for, 444.

in faeces, 327.

in urine, 443.

Legal's reaction for, 443.

nitrosoindol, reaction for, 444.

Indoxyl, estimation of, Strauss meth-

od, 448; in urine, 445.

Obermayer-Wang method, 449.

tests for, 447.

Infections, intercurrent, in leukae-

mia, 164, 167, 175.

Influenza bacillus, in blood, 228.

in sputum, 401.

Infusoria, 342.

Inoculations, animal, 615.

Inoscopy, 660.

Inouye, on alimentary albuminuria,

507.

on Opisthorchis, 344.

Inouye and Saiki, on lactic acid in

urine, 575.

Insecta, 373.

Intestinal parasites, eosinophilia with,

122.

Intestine, bacteria in, 307.

calculi in, 338.

digestive power of, 317.

diseases of, faeces in, 320.

ulcer of, 321.

Intussusception of intestine, faeces in,

324.

Iodine, in urine, 582.

Iodoform, in urine, 581.

lodophilia, 56.

importance of, in obscure surgical

conditions, 182.

Ipsen, on haematoporphyrin, 23.

Iron content of blood, 32.

Iron, in urine, 439.
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Iron, determination of, Neumann's

method, 440.

Iron test for blood in faeces, 330.

Irritation forms of leucocytes, 106.

Isomaltose, in urine, 514.

Israel, value of cryoscopy, 631.

Ito, on peptonuria, 491, 509.

Jacob, on anaemia due to potassium

chlorate, 141.

Jacob and Trotman, on electrolytic

test for lead, 583.

Jajfe, test for creatinin, 463.

on pyramidon in urine, 588.

von Jaksch, on alkalinity of the blood,

52.

on green color of stools after calo-

mel, 310.

on infantile pseudoleuksemia, 159.

on leukaemia and acute periostitis,

179.

on nitrogen of urine, 466.

ref. to, on Schondorff 's method for

urea, 479.

test for lead in urine, 583.

Janeway, on pernicious anaemia,

149.

Japha, on digestion leucocytosis in

infants, 109.

Jaquet, on haemoglobinometer, 28.

Jaundice, 573; agglutination of blood

serum in, 242.

Jaworski, iron test for blood, 330.

Jeahle, on bacillus influenzae in blood,

228.

Jenner stain, for blood, 82.

for exudartes, 639.

for sputum, 388.

Joachim, on chyloid exudates, 638.

on proportions of proteids in ex-

udates, 635.

Jochmann, on concentration of tu-

bercle bacilli, 395.

on streptococcus in scarlatina, 226.

Jogichess, on crenation of erythro-

cytes, 92.

Johnston, on paratyphoid, 247.

Jolles, ferrometer, 32.

Jolles, on iron in urine, 440.

test for bile pigments in urine, 566.

Jolles and Winkler, on iron in urine,

440.

Jones, D. H., on anaemia in syphilis

after inunctions, 189.

Jones, H. C, on cryoscopy, 60.

Joos, on agglutination, 233.

Jousset, on inoscopy, 660.

Justus, on anaemia following inunc-

tions, 140, 189.

Kairin, in urine, 582.

Kaiser, formula for glycerin jelly,

701.

Kaminer, on iodophilia, 56.

Karnizki, on blood in infancy, 108.

Karo, on excretion of indigo-carmine,

626.

Karyorrhexis, 98.

Kast, on anaemia following bone mar-

row metastases, 146.

Kast and Giitig, on leucopenia, 118.

on leucopenia in typhoid, 184.

Kastle and Loevenhart, on lipase in

urine, 577.

Katagama, on CO-haemoglobin, 21.

Kaufmann and Mohr, on endogenous

purin, 481.

Kautsky Bey, on eosinophiles, 122.

Keil, on granular degeneration, 98,

141.

Kelling, test for lactic acid, 289.

Kellog, on molds in gastric juice,

273.

Kelly, on acute lymphatic leukaemia,

163.

Kemp, on changes in blood at high

altitudes, 127.

Kerr, on eosinophilia in trichinosis,

123.

van Ketel, concentration of tubercle

baciUi, 394.

Kidney disease. See Nephritis.

Kidneys, artificial substances ex-

creted through, 626.

determination of efficiency of, 623,

626, 630.

excretion of chlorides through, 625.
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Kidneys, nitrogenous excretion

through, 625.

King, on leueocytosis after anaes-

thesia, 121.

Kister and Wolf, on precipitin re-

actioils, 257.

Kjeldahl, method for determining ni-

trogen, 468.

Kleine, test for quinine in urine, 588.

Klemperer, on uric acid in blood, 8.

Robert, on haemin crystals, 18.

Koch-Weeks bacillus, 644.

Kohler, on agglutination in icterus,

242.

on agglutination in typhoid, 229.

on "collateral" agglutinins, 243.

Kohler, on nitrogenous excretion in

the urine, 625.

Kohlrausch and Holborn, on conduc-

tivity, 67.

Kolisch and Burian, on histon in

urine, 491.

Kolle, on B. leprae in nose, 395.

Kolle and Gotschild, on agglutination

in cholera, 249.

V. Koranyi, on blood in heart disease,

190.

on cryoscopy, 59, 630.

Kormoczi, on intercurrent infections

in leukaemia, 164.

on transitional cases of anaemia,

177.

Korn, on heterochylia, 287.

Korte, on paratyphoid, 247.

Kossler and Penny, determination of

phenol in urine, 443.

Kottmann, on maltosuria, 537.

Kovacs, on blood in heart disease, 190.

Kovesi, value of cryoscopy, 632.

Kowarsky, on albumin tests, 500.

on phenylhydrazin test, 520.

on test for butyric acid, 291.

Koziczkowsky , on excretion of chlo-

rides, 625.

on Sahli test meal, 264.

Krabbea grandis, 351.

Kratter, on haematoporphyrin, 17,

23.

Krehl and Matthes, on histon in

urine, 491.

Kretz, on agglutinations in Malta
fever, 250.

Kronecker, on changes in blood at

high altitudes, 127.

Krotozyner and Willard, value of

cryoscopy, 632.

Kriiger and Schmid, method of de-

termining uric acid and purin

bases, 488.

Kruse, on dysentery bacilli, 322.

Kiilz, on laevulosuria, 531.

Kiimmell, on value of cryoscopy, 632.

Kiimmell and Rumpel, on value of

cryoscopy, 631.

Kurpjuweit, on myeloid changes in

organs, 114.

on anaemia following bone marrow
metastases, 146.

Kutscher and Steudel, on Kjeldahl

method, 469.

Labbe, on cytodiagnosis, 654, 658.

Labbe and Lortat-Jacob, on anaemia in

nephritis, 191.

Lacmoid, 690.

Lactic acid, in carcinoma of stomach,

305.

in gastric contents, 288; signifi-

cance of, 291.

in urine, 575.

quantitative, determination of, 290.

tests for, Kelling's, 289; Strauss',

289; Uffelmann's, 288.

Lactophenin, in urine, 582.

Lactose, estimation of, 677.

in faeces, 337.

in urine, 514, 535.

reactions of, 548.

Rubner's test for, 537.

Lactosuria, 535.

Laevulose, in serous exudates, 532.

in urine, 514, 531.

Neuberg's test for, 534.

reactions of, 548.

Seliwanoff's reaction, 533.

Laevulose, tests for, 532.
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Lsevulosuria, alimentary, 532.

spontaneous, 531.

Lamblia intestinalis, 341.

Lancet, for blood work, 4.

Landau, on excretion of methylene

blue, 626.

Landolt, reference to monograph of,

on polarimetry, 527.

Langguth, on siderosis, 408.

Lankester, on Spirochsete, 212.

Laveran, on malaria, 191.

Lazarus, A., on leucopenia in perni-

cious ansemia, 154.

Lazarus, G., on sarcoma with anse-

mia and leukaemia, 180.

Lazarus, P., on fat absorption in pan-

creatic disease, 333.

Lead in urine, 582.

electrolytic test for, 583.

von Jaksch test for, 583.

Lecithin, in exudates, 637.

in faeces, 336.

Leersum, criticism of Bial's test for

glycuronic acid, 546.

Leffman and Beam, on estimation of

milk proteid, 678.

Legal, reaction for indol, 443.

test for acetone in urine, 551.

Leidy, on Hymenolepis diminuta,

354.

Leiner, on test for casein in stools,

326.

Leishman, on blood stain, 84.

Lemaire, on isomaltose, 514.

Lenhartz on blood cultures, 223.

in pneumonia, 227.

in puerperal sepsis, 225.

on prognosis of staphylococcus sep-

sis, 226.

on streptomycoses, 225.

Lentz, on dysentery bacilli, 322.

Leo, on alkalinuria, 428.

Lupine, on glycuronic acid, 543.

on maltosuria, 537.

Lepra bacilli, in nasal secretion, 395.

in sputum, 395.

Leprosy, blood changes in, 189.

site of infection, 395.

Leptothrix buccaiis, 377.

Leredde, on eosinophiles, 122.

von Leube, on leukansemia, 178.

Leucin, crystals, in sputum, 388; in

urine, 603.

in fffices, 327.

in gastric contents, 276.

in urine, 457.

isolation of, 458.

tests for, 458.

Leuckart, on development of echin-

ococcus scolex, 360.

on number of embryos given off by
Trichina, 366.

Leucocytes, 1, 70.

basophile, 103.

composition of, 6.

degenerated, 108.

dimensions of, 107.

enumeration of, 36, 45, 47.

eosinophile, 103.

in bone marrow, 115.

in faeces, 315.

in sputum, 384.

in urine, 592.

indirect enumeration, 49.

iodophilia in, 56.

irritation forms, 106.

large mononuclear, 102, 106.

lymphocytes, 101.

mast cells, 103.

morphology of, 101.

myelocytes, 106.
,

neutrophile, 106.

polynuclear neutrophile, 103.

rare and irregular types of, 106.

relative proportions of, 101.

staining reactions of, 107.

transition forms, 102.

types of, in disease, 105; in health,

101.

volume of, 9.

Leucocytosis, 118.

absolute, 118.

basophile, 124.

due to catarrhal appendicitis, 181.

due to intestinal parasites, 122.

due to sepsis, 181.
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Leucocytosis, following hsemorrhage,

120.

following use of drugs, 120.

in children, 126.

in cholelithiasis, 184.

in gonorrhoea, 123.

in hydatid disease, 123.

in infectious diseases, 120.

in intestinal obstruction, 184.

in meningitis, 188.

in pneumonia, 184.

in scarlet fever, 185.

in septicaemia, 187.

in skin diseases, 122.

in trichinosis, 123.

in tuberculous meningitis, 184.

large mononuclear, 125.

pathological, 120.

physiological, 119.

polynuclear neutrophile, 119, 120.

polynuclear eosinophile. See Eosin-

ophilia.

postfebrile, 123.

relative, 118.

toxic, 123.

with malignant growths, 121, 123.

Leucohydrobilirubin, in faeces, 310,

331.

Leucopenia, in measles, 186.

in tuberculosis, 188,

in typhoid fever, 183.

Leukaemia, 162.

acute lymphatic, 163.

acute myelogenous, 167.

albuminuria in, 508.

chronic lymphatic, 166.

chronic myelogenous, 170

exudates in, 658.

in children, 159.

intercurrent infections, in acute

lymphatic, 164; in chronic lym-
phatic, 167; in chronic my-
elogenous, 175.

intermediate types of, 177, 178,

179, 180.

lymphatic, transitional cases, 178.

maculo-papular eruption in, 178.

Leukanaemia, 178.

Levaditi, on leucocytes, 258.

Levy, on specific gravity of blood, 35.

Lewi, on fat test, 676.

Lewis, on form of erythrocytes, 1.

Leydenia geminipara, 341.

Libman, on paratyphoid, 247.

on prognosis of staphylococcus sep-

sis, 226.

on variations in Gram's stain, 613.

on Widal reaction, 241.

Lichtenstein, on acid-resisting bacilli

in sputum, 396.

Lieben, test for acetone in urine, 551.

Liebermeister, on fibrinous bronchitis,

404.

Lignin, 314.

Lilienfeld, on composition of leuco-

cytes, 6.

Lindemann, on Bence Jones proteid,

510.

on urinary chlorides, 423.

Linossier, on Mett's method, 293.

Linossier and Lemoine, on dietetic

albuminuria, 507.

Lion, on acute lymphatic leukaemia,

164.

Lion, A., on agglutination reactions

with dead bacilli, 231.

Lipase, 259.

in pancreatic cysts, 652.

in pancreatic secretion, 306.

in urine, 577.

Ldpliawsky, test for diacetic acid, 553.

Lipowski and Engel, on aplastic an-

aemia, 176.

Lipschutz, on isolating typhoid ba-

cilli from stools, 323.

Litmus, 690.

paper, 690.

titration with, 285.

Litten, on transitional cases of anae-

mia, 177.

Liver, abscess of, sputum in, 406.

as a blood forming organ, 112.

Liver fluke, 343.

Livierato, on iodophilia, 58.

Lobenstine, on leucocytosis of preg-

nancy, 119.
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Locke, on iodophilia, 58.

Locke and Cabot, on iodophilia, 58.

Loeb, on agglutinations in tubercu-

losis, 250.

on gonococcus in the blood, 227.

Loeffler's alkaline methylene blue,

389, 646, 684.

blood serum, 645.

Loewi, on allantoin, 465.

Lohnstein, saccharometer, 529.

Lommel, on Widal reaction in sepsis,

243.

Long, on reducing power of urine,

513.

Longcope, on paratyphoid, 247.

on pseudoleuka^mia, 161.

Louse, body, 373.

crab, 373.

head, 373.

Lowit, on protozoal infection in leu-

kaemia, 162.

Lowy, on alkalinity of the blood, 52.

Luhowski and Steinberg, on Widal re-

action in sepsis, 243.

Luce, on leukanaemia, 179.

Ludwig-Salkowski, method of esti-

mating uric acid, 484.

Lumbar puncture, 661.

dangers of, 662.

Lung, carcinoma of, sputum in, 407.

congestion of, sputum in, 407.

gangrene of, sputum in, 404.

sarcoma of, sputum in, 407.

Lunge, gas burette, 475.

Lymph nodes, formation of leuco-

cytes in, 114.

Lymphocytes, 101.

in bone marrow, 116.

site of formation of, 167.

Lymphocytosis, 125.

in pertussis, 125.

in typhoid fever, 183.

relative, in pernicious anaemia, 155.

Lysol, in urine. 584.

MacCallum, on fertilization by mi-

crogamete of malaria, 197.

MacCann, on lactosuria, 535.

Magenau, on fibrinous bronchitis, 405.

Magnesium phosphate crystals, in

urine, 604.

Magnus-Levy, on Bence Jones pro-

teid, 511.

on uric acid in blood, 8.

on urinary ammonia in diabetes,

437.

on determination of beta-oxybu-

tyric acid, 554.

Maillard, on indoxyl, 444, 450.

Malaria, 191.

action of quinine in, 206.

sestivo-autumnal parasite, 192.

anaemia due to, 140.

blood changes in, 201.

examination of the blood in, 203.

mixed infections in, 203.

mode of infection in, 199.

mosquitoes in, 191.

parasites of, 191, 192, 199, 201; re-

lation to temperature curve, 205;

stains for, 83, 84, 85, 86, 87.

sporozoites of, 198.

stippling of red cells in, 98, 99, 193,

199, 202.

Malassez, on fixing blood, 78.

Malfatti, on Kjeldahl method, 469.

Malta fever, agglutination reactions

in, 250.

Maltose, 379, 514; in urine, 537.

reactions of, 548.

Mandel and Lusk, on sugar-nitrogen

ratio, 517.

Manndberg, on stippling of red cells

in malaria, 199.

Mannaberg and Spiegler, on acute

leukaemia, 178.

Manson, on absence of eosinophilia in

trypanosomiasis, 219.

on Filaria Demarquaii, 217.

on Filaria diuma, 217.

on filariasis, 216, 219.

on periodicity of Filaria noctuma,
214.

on Spirochaete, 211.

on Trematoda, 346.

on trypanosomiasis, 219.
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Marchoux, on staining malarial para-

sites, 88.

Marie and Robinson, on laevulosuria,

531.

Marshall, testing for mercury in

urine, 585.

Martini, on agglutination in plague,

249.

Martins and LiXttke, on gastric an-

alysis, 284.

Marx, on cyan-haemochromogen, 22.

Mast-cells, 103.

Mathieu and Reymond, on total se-

cretion of gastric juice, 271.

Matsumoto, on nucleo-albumin in

urine, 495.

Maurer, on stippling of red cells in

malaria, 202.

May, on lajvulosuria, 531.

Mayer, A., on iron in urine, 440.

Mayer, E., on Vincent's angina, 649.

Mayer, P., on glycuronic acid, 543.

Measles, blood changes in, 186.

Measly beef, 358.

Megaloblasts, 95.

in anaemia due to malignant tumors,

146.

in blood after haemorrhage, 132.

in bone marrow, 115.

in chlorosis, 136.

in leukaemia, 160, 164.

in nephritis, 191.

in parasitic anaemia, 148.

in pernicious anaemia, 153.

in pneumonia, 159.

in poisoning by acetanilid and ni-

trobenzol, 142.

in pseudoleukaemia of the infantile

type, 160.

Megalocytes, 92.

Megele, on Widal reaction in liver ab-

scess, 243.

Meisl, on gastric secretion, 261.

Melanin, in urine, 562.

Melting point, determination of, 701.

of alpha-crotonic acid. 554.

of osazons, 548.

Membranous enteritis, 320.

Mendel and Brown, on allantoin,

465.

Meningitis, blood changes in, 188.

tuberculous, leucocytosis in, 184;

cytology of ; tubercle bacilli in

spinal fluid in, 663.

Mercury, in urine, 585.

Marshall's test for, 585.

Merozoites, 193, 200, 201.

mode of entry of red cell, 193,

195.

Methaemoglobin, 12.

absorption spectrum of, 12.

Methaemoglobinaemia, with cyanosis,

568.

Methaemoglobinuria, 568.

Methyl orange, indicator, 689.

Methylene blue, excretion of, in urine,

586, 625.

Loeffler's, 389, 646, 684.

Methylxanthin, 488.

Mett, method of estimating pepsin,

293.

Meunier, on lymphocytosis in per-

tussis, 187.

Meyer, on agglutination reactions

with Ficker's medium, ?31.

Microblasts, 97.

Micrococcus catarrhalis, in sputum,

398.

Micrococcus gonorrhcea, 643.

in urine, 612.

Micrococcus lanceolatus, 642, 644.

melitensis, 250.

tetragenus, in sputum, 399.

Microcytes, 92, 97.

Microsporon Audouini, 374.

furfur, 375.

Milchner, on basophilia in ascitic

fluids, 124.

on leukaemic exudates, 658.

Milk, 669.

albumin in, 670, 678.

bacteriological examination of, 680.

boric acid in, tests for, 679.

casein in_, 678.

chemical examination of, 670.

fat determination, 672; Adam's
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method, 673; Babcock's method,

674.

formaldehyde in, tests for, 678.

Milk, general properties of, 669.

preservatives, tests for, 678.

proteids in, 677.

reaction of, 669, 671.

salicylic acid in, test for, 679.

specific gravity of, 669, 671.

total solids of, 672.

Milk sugar, 677.

Miller, on late Widal reactions, 242.

Millon, reaction for proteid, 492.

reaction for tyrosin, 458.

reagent, 442, 451, 458, 492, 689.

Minkowski, ref. to, on gout, 483.

Moeller, on acid-resisting bacilli in

tonsils, 396.

Mohr, method for chlorides, 425.

Mohr and Salomon, on oxaluria, 435.

Molds, in fseces, 315.

Moniez, on development of echi-

nococcus scolex, 360.

Moraczewski, ref. to, on indol in faeces,

328.

Morawitz, on blood plates, 100.

on myeloid changes in the organs,

114.

Morax-Axenfeld bacillus, 644.

Moreigne, on cystinuria, 461.

Morner, on Congo red as an indica-

tor, 279.

reaction for tyrosin, 458.

Momer-Sjoqvist, method for urea, 478.

Morphine, in urine, 586.

Morphology of the blood, 69.

Morse, on infantile pseudoleuksemia,

159.

Mosse, on lymphocytes, 114.

ref. to, on chyk>id exudates. 638.

Mosquitoes, Anopneles, 191, 208.

Culex, 208.

dissection of, 209.

eggs of, 211.

identification of, 207.

in filariasis, 216.

in malaria, 191, 208.

sporozoites in, 198.

48

Mucous threads, in urine, 595.

Mucus, in fseces, 310, 315, 326.

in urine, 494, 593.

Mailer, Ft., on fat in fseces, 332.

on fat splitting in pancreatic dis-

ease, 334.

on glucosamin giving Seliwanoff's

reaction, 533.

Mailer, H. F., on blood dust, 117.

on infections in leukaemia, 167.

Mailer, J., on starch digestion by
ptyalin, 297.

Murexide test for uric acid, 484.

Musgrave, on cytodiagnosis, 654.

Myeloblasts, 102, 116, 174.

Myelocytes, 107.

basophilic, 106, 117, 175.

eosinophihc, 105, 116, 159, 174.

neutrophilic, 105, 116, 125, 135, 138;

in anaemia due to malignant tu-

mors, 146; in anaemia of children,

159; in chicken pox, 186; in chlo-

rosis, 138; in diphtheria, 126, 185;

in hsemorrhagic anscmia, 135; in

infantile pseudoleuksemia, 160;

in lymphatic leuksemia, 164; in

myelogenous leuksemia, 167, 172,

174, 175; in pernicious ansemia,

155; in pneumonia, 185; in sep-

sis, 126; in toxic anaemias, 142;

in transitional blood diseases,

177, 179; in variola, 186.

Myelocytosis, 125.

Myiasis, intestinal, 373.

Naegeli, on lymphocytosis in typhoid

fever, 184.

on method of determining acidity

of urine, 414.

on myeloblasts, 102, 116, 174.

Nagana, 221.

Naphthalin, in urine, 586.

Naphthol, in urine, 586.

Nasal concretions, 380.

Nasal diphtheria, 648.

Nasal secretion, 379.

amount of, 379.

bacteria in, 379.
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Nasal secretion, Charcot-Leyden crys-

tals in, 379.

lepra bacilli in, 395.

Naunyn, on gall-stones, 337.

on leucin and tyrosin, 457.

on oxaluria, 435.

Needle for blood work, 4.

Needles of hardened platinum for

syringes, 5.

Neisser, stain for B. diphtherise, 646.

Nematoda, 362.

Nencki-Steyrer, method of determin-

ing ammonia in urine, 438.

Nepveu, on Trypanosoma, 219.

Nephritis, albuminuria in, 508.

blood changes in, 190.

chlorides in urine in, 424, 625.

examination of urine in, 622.

exudates in, morphology of, 657.

freezing point of blood in, 630; of

urine in, 628.

globulinuria in, 491

.

nitrogen excretion in, 467, 625.

urea excretion in, 471, 625.

Neubauer-Salkowski, method of de-

termining creatinin, 464.

Neuberg, on glycuronic acid, 543,

546.

on identification of Isevulose, 534.

on pentosuria, 538, 539.

Nevherg and Strauss, on Isevulose in

serous exudates, 532.

Neuberg and Wohlgemuth, on deter-

mination of arabinose, 542.

Neumann, method of determining

iron in urine, 440.

Neumayer, on reducing action of cre-

atinin, 518.

Neutral sulphur, in urine, 433.

Neutrophile cells, mononuclear, 105,

106, 116.

polynuclear, in blood, 103; in bone

marrow, 115.

Nikiforoff, on fixing blood, 77.

Nirenstein and Schiff, on Metfs

method for pepsin, 294.

Nitrites, in saliva, 378.

Nitrobenzol, in urine, 586.

Nitrobenzol poisoning, anaemia due
to, 142.

Nitrogen, excretion in faeces, 325.

excretion in nephritis, 467, 624.

excretion in urine, 465, 624; de-

creased, 467; increased, 466.

Nitrogen, Kjeldahl method, 468.

Nitrogen, retention of, 466.

Nitrosoindol reaction for indol, 444.

Nobecourt and Merklen, on myelocytes

in chicken-pox, 186.

le Nobel, on maltosuria, 537.

Nocht, on blood stain, 83.

Nolf, on precipitins, 251.

V. Noorden, on blood crises, 132.

on chloride excretion through the

kidneys, 625.

on fat in the faeces, 332.

V. Noorden ^d Ritter, on nitrogen ex-

cretion, 624.

Normal solutions, 694.

of iodine, 700.

of oxalic acid, 698.

of potassium permanganate, 698.

of potassium sulphocyanide, 699.

of silver nitrate, 695, 700.

of sodium hydrate, 695.

of sodium thiosulphate, 700.

Normoblasts, 92.

after haemorrhage, 132.

in bone marrow, 115.

in chlorosis, 136.

in leukaemia, 164, 166, 170.

in pernicious anaemia, 153, 154.

in secondary anaemia, 141, 142,

145, 148.

Norris, on typhoidal cholecystitis,

243.

Norris and Larkin, on streptothrix in

broncho-pneumonia, 402.

Nose, bacteria in, 379.

calculi in, 380.

secretion from, 379.

Novy and McNeal, on cultivation of

Trypanosoma, 221.

Nucleo-albumin, in faeces, 326.

in urine,' 495.

Nuttall, on precipitins, 252.
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Nuttall and Shipley, on anatomy of

Anopheles, 211.

Nylander, solution, 520, 689.

test for glucose in urine, 520.

Ohermayer, reagent, 445, 447, 448,

689.

Obermayer-Wang, method of deter-

mining indoxyl, 449.

Obermeier, on Spirochsete, 211.

Obscure blood diseases, 177.

Oidiomycosis cutis, 376.

Oidium albicans, 378.

Oliver, haemocytometer, 50.

haemoglobinometer, 30.

Onuf, on diluting fluid, 47.

Opie, on eosinophiles, 121.

on pancreatic disease, 515.

ref. to Diseases of Pancreas, by,

577.

Opisthorchis felineus, 344.

sinensis, 344.

Oppenheim and Lowenbach, on anae-

mia following inunctions in

syphilis, 140.

Oral secretion, 377.

Orcein stain for elastic tissue, 386,

684.

Orcin test for pentose in urine, 540.

Ord, on indigo calculus, 447.

Organic acids in gastric juice, 288.

Organized deposits in the urine, 592.

Orton and Garrod, on alkaptonuria,

455.

Osazons, of glucose, 519.

of glycuronic acid, 546.

of lactose, 537.

of Isevulose, 532.

of maltose, 538.

of pentose, 541, 542.

Osier, on casts in urine, 598.

on polycythsemia, 129.

on splenic anaemia, 162, 177.

on Widal reaction, 242.

Osmotic pressure, 58.

of blood, 60.

of gastric contents, 259.

of urine, 625, 628.

Ostwald-Luther, ref. to text-book by,

60, 67, 702.

Oswald, estimation of proteids in ex-

udates, 634.

on urinary proteids, 491, 495.

Ovarian cysts, 651.

Oxalates, in urine, 434.

Oxalic acid, see acid oxalic, 434, 698.

Oxaluria, 434, 435.

Oxaluric acid, 574.

Oxidation tests for haematin, 17.

Oxyacids, aromatic, in urine, 457.

Oxybutyric acid in urine, 547, 554.

determination of, 554.

tests for, 554.

Oxyhaemoglobin, 10.

absorption spectrum of, 12.

Oxymandelic acid, in urine, 457.

Oxyproteic acid, in urine, 452.

Oxyuris vermicularis, 371.

Packard, on Hymenolepis diminuta,

354.

Pal, on paroxysmal hsematoporphy-

rinuria, 571.

Pancreas, disease of, fat excretion in,

333.

ferments in urine in, 577.

maltosuria in, 537.

osazon in urine in, 653.

Pancreatic cysts, 652.

cyst fluid, diastase in, 653; trypsin

in, 653.

Pappenheim, differential stain for B.

smegmae, 392, 614.

method of staining tubercle ba-

cilli, 392, 614.

on acid-resisting bacilli in sputum,

396.

on types of leukaemia, 162.

Paragonimus Westermani, 344.

Para-oxyhydo-cumaric acid, 451.

Para-oxyphenyl-acetic acid, 451.

Para-oxyphenyl-propionic acid, 451.

Parasites, 339.

intestinal, anaemia due to, 147;

eosinophilia with, 122.

in urine, 612.
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Parasites, malarial. See Malaria.

of skin, 374.

Paratyphoid infections, agglutination

reactions in, 247.

Paraxanthin, 488.

Parovarian cysts, 651.

Patella, on cytodiagnosis, 655.

Pavy, on lactosuria, 535.

test for glucose, 523.

Pawlow, on digestion, 261.

on enterokinase, 306.

on Mett's method, 293.

Pectoscope, 62.

Pediculus capitis, 373.

pubis, 373.

vestimenti, 373.

Pentosazon, absorption spectrum of,

541.

Pentose in urine, 515, 538.

determination of, 542.

tests for, 539; Bial's, 541 ; orcin,

540; phenylhydrazin, 541; phlo-

roglucin, 540.

Pentosuria, 538.

Pepsin, 259, 260.

in gastric contents, 259, 292.

in urine, 509, 577.

tests for, 292; Hammerschlag's

method, 293 ; Mett's method,

293 ; Thomas and Weber's meth-

od, 294.

Pepsinogen, in gastric contents,

292.

Peptone, in faeces, 325.

Peptonuria, 491, 509, 577.

Peritoneal exudates, 659.

Permanganate solution, 457.

Pernicious anaemia, 149.

in children, 159.

Pertussis, blood changes in, 187.

Pettenkofer's reaction, for bile acids,

573.

spectrum of, 561, 574.

Phenacetin, in urine, 587.

Phenol, in faeces, 327.

in urine, 442, 587; estimation of,

442; tests for, 442.

Phenolphthalein, 690.

Phenylhydrazin test for glucose in

urine, Kowarksy's method, 520;

von Jaksch's method, 520.

test for glycuronic acid, 546.

test for lactose, 536.

test for pentose in urine, 541.

Phloroglucin test for pentose in urine,

540.

Phosphates, in urine, 427.

in urine, amount of, 428.

in urine, increase in, 428.

Phosphatic calculi, 609.

Phosphaturia, 428.

Phosphoric acid, determination of,

429.

in faeces, 428.

in urine, 427.

Phthisis, sputum in, 407.

Pick, on pseudoglobulin, 7.

Picric acid, in urine, 587.

Pigments, in blood, 10.

urinary, 559.

Pilshury, on dysentery bacilli, 248.

Pinkus, on pseudoleukaemia, 161.

Piorkowski, medium for isolation of

typhoid bacillus, 323.

Piperazin, in urine, 587.

Pipettes, 38, 39, 685.

Plague, agglutination reactions in,

249.

bacilli in sputum, 401.

Plathelminthes, 343.

Platinum apparatus, 666.

Plant, on Vincent's angina, 649.

Pleural exudates, 656.

Pleurisies, aseptic, exudates of,

657.

pneumococcus, exudates of, 658.

putrid, 658.

septic, exudates in, 658.

streptococcus exudates in, 659.

syphilitic, exudates in, 658.

Pleurisy, primary tuberculous, ex-

udate of, 656.

secondary tuberculous, exudate of,

657.

Pneumococcus in blood, 226.

in saliva, 377.
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Pneumococcus, in sputum, 399;

Hiss' stain, 400; Welch's stain,

399.

pleurisies, exudates of, 658.

Pneumoconioses, 408.

Pneumonia, acute lobar, sputum in,

405.

agglutination reaction in, 250.

blood changes in, 184.

chlorides in urine in, 424.

Poch, on leucocytes in malaria, 202.

Poda, method of drying stools, 324.

Pohl, on allantoin, 465.

Poikilocytes, 92.

Poisoning, anaemia due to, 140.

Polariscope, determination of glu-

cose by, 525.

determination of oxybutyric acid

by, 554.

Polycythaemia, 126.

in heart disease, 128, 190.

pathological, 127.

physiological, 127.

Posselt, on fibrinous bronchitis, 405.

Potassium hydroxide solution, spe-

cific gravity of, 691.

normal solution of, 699.

permanganate solution, decinor-

mal, 698.

sulphocyanide, in saliva, 378.

urate crystals in urine, 601.

Pratt, on typhoid bacilli in gall blad-

der, 241.

Precipitation reactions for proteids,

493.

Precipitin reactions, for blood, 251.

sources of error, 255.

technique for obtaining, 253.

Preservatives in milk, tests for, 678.

Price, on Strongyloides intestinalis,

362.

Prip, on persistence of diphtheria

bacilli, 649.

Prochaska, on blood cultures in pneu-

monia, 226.

Proscher, on agglutination reactions

with dead cultures, 231.

Prostatitis, chronic, 620.

Proteid, Bence Jones, 509.

Proteids, color reactions of, 491.

digestion of, 260.

in milk, 677.

in transudates, 634.

in urine, 490.

precipitation reactions, 493.

reactions for, Adamkiewicz's, 490;

biuret, 491; carbohydrate, 492;

Millon's, 492; sulphur, 492; xan-

thoproteic, 492.

Prout, on Filaria gigas, 219.

Prowazek, on amoebae in the mouth,
378.

Pseudoglobulin, in transudates, 634.

in urine, 491.

Pseudoleuka^mia, 160.

infantile, 159.

Pseudomembranous angina, 649.

Pseudomucin, 652.

Ptomains, in urine, 461.

Ptyalin, in saliva, 378.

Puerperal eclampsia, 632.

Puppet, on persistence of agglutina-

tion reactions in serum, 232.

Purdy, on estimation of albumin, 503.

Purgatin, in urine, 587.

Purgen, in urine, 587.

Purin, bases, and uric acid in urine,

determination of, 488; Kriiger

and Schmid's method, 488.

bodies in urine, 488.

endogenous, 481.

exogenous, 481.

Purulent exudates, 639.

Pus, in abscess, 643.

in conjunctiva, 644.

in faeces, 310.

in gonorrhoea 643.

in salpingitis, 643.

Pus casts in urine, 598, 601.

Putrescin, in urine, 461.

Putrid exudates, 650.

Pycnometer, 418.

Pyramidon, in urine, 587.

Pyrocatechin, in urine, 456.

tests for, 456.

Pyroplasmosis, 222.
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Quinine, action of, on malarial para-

sites, 206.

tests for, in urine, 588.

Ransom, on Hymenolepis nana, 353.

Ravaut, on cytodiagnosis, 654.

Raybaud and Vernet, on normo-

blastic crises in sepsis, 159.

Reach, on effect of food on purin ex-

cretion, 482.

Reaction, of the blood, 52.

of the faeces, 319.

of the gastric juice, 259.

of the urine, 413.

tuberculin, for tuberculosis, 615.

serum, see agglutination, 229.

Reagents, 687.

Reckzeh, on eosinophilia in scarla-

tina, 123, 185.

Reduced hsematin, absorption spec-

trum of, 16.

haemoglobin, 11.

Reichmann's disease, 287, 301.

Reichmann, on estimation of total

gastric secretion, 272.

Reimann float, 419.

Reinert, on haemocytometry, 48.

Reissner, on gastric analysis, 284.

Relapsing fever, 211.

parasite of, 211.

Rendu and Widal, on polycythaemia,

129.

Resorcin, in urine, 588.

Revenstorf, on cryoscopy of blood in

drowning, 61.

Rheumatism, blood changes in, 187.

Rhizopoda, 339.

Rhubarb, in urine, 589.

Richter, on conductivity, 69.

Ricketts, on Oidiomycosis cutis,

376.

Riegel, on Congo red paper in gastric

analysis, 279.

on continuous hypersecretion, 301.

test for hydrochloric acid, 279.

test meal, 262.

Ringworm, of body, 375.

of scalp, 374.

Roberts, test for albumin, 500, 502,

505; reagent for, 689.

Robson and Moynihan, reference to

Diseases of Pancreas by, 653.

Roger and Josue, on bone marrow,

119.

Rogers, on amoebic abscess, 340.

Rogovin, on tests for iodine in urine,

582.

Rosenbach, te t for bilirubin in urine,

564.

Rosenberger, on blood cultures, 223.

on eosinophilia in trichinosis, 123.

Rosen/eld, F., on volatile fatty acids

in urine, 576.

Rosenheim, on maltosuria, 537.

Rosenow, on blood cultures in pneu-

monia, 226.

Rosin, modification of Seliwanoff's

reactions, 533.

Rosin and Jellinek, on ferrometer, 32.

Rosin and Laband, on laevulosuria,

531.

Ross, on staining thick smears for the

malarial parasite, 88, 204.

Rossel, on aloin reaction for blood,

12.

Rostoski, on precipitins, 252.

Rotch and Ladd, on anaemia in in-

fancy, 159.

Roth, on Mett's method, 293.

on conductivity, 69.

Roth and Strauss, on freezing point of

gastric juice, 259.

Roux, on Bothriocephalus, 350.

Rubinstein, on bone marrow, 119.

Rubner, test for lactose in urine. 537.

Rudisch, test for glucose, 524.

Ru£diger, on agglutination reactions

with dead bacilli, 23.

on typhoid bacilli in blood, 228.

Ruge, on staining thick smears for

malarial parasites, 204.

Rusty sputum, 406.

Saccharin, in urine, 589.

Saccharose, in urine, 514.

Sachs, on CO-haemoglobin, 20.
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Sacgiiepee, on leucocytes in scarla-

tina, 185.

Sahli, haBmoglobinometer, 29.

on test meal, 262.

Sailer, on agglutination reactions,

248.

Salacetol, in urine, 589.

Salaskin and Zaleski, on urea, 478.

Salicylates, in urine, 589.

Salicylic acid, in milk, test for 679.

Salipyrin, in urine, 589.

Salkowski, on estimation of proteid,

503.

on tests for bromine in urine,

579.

on tests for chlorides, 426.

on test for oxalic acid, 435.

on test for sulphates, 431.

Salol, in urine, 589.

Salomon, on fat in faeces, 333.

Salophen, in urine, 589.

Salosantal, in urine, 589.

Saliva, 377.

action of, on starch, 379.

amoebae in, 378.

amount of, 378.

bacteria in, 377.

examination of, chemical, 376; mi-

croscopical, 375.

nitrites in, 378.

potassium sulphocyanide in, 378.

ptyalin in, 378.

specific gravity of, 378.

Samberger, on laevulosuria in syphilis,

532.

Sandalwood oil, in urine, 589.

Santini, on urinary chlorides, 424.

Santonin, in urine, 589.

Sarcinae, in faeces, 315.

Sarcoma of lungs, sputum in, 407.

Sarcoptes scabiei, 372.

Saxe, on urinometer, 418.

Scalp, ringworm of, 374.

Scarlet fever, blood changes in, 185.

Schaudinn, on amoeba, 339.

on entrance of merozoites, 195.

on entrance of sporozoite, 198.

on Leydenia, 341.

Schaudinn, on ''quinine forms" of

malarial parasite, 207.

on Spirochaete, 212.

Schauman, on aplastic anaemia, 176.

on Bothriocephalus anaemia, 148.

on eosinophiles, 122,

Schdr, on aloin reaction, 12.

Scheuhe, on filariasis, 219.

on Trematode worms, 346.

Schiff, reaction for urea, 473.

Schistosomum haematobium, 345.

Schittenhelm, on urinary ammonia,

437.

Schleip, on eosinophilia in trichino-

sis, 123.

Schlesinger, on laevulosuria, 531.

Schlosing, method of determining

ammonia, 437.

determination of urinary ammonia,

437.

Schmaltz, method for determining

specific gravity of blood, 33.

Schmidt, A., on benzaldehyde test for

indol, 327.

on testing digestive capacity of

intestine, 317.

testing for bile pigment in faeces,

330.

Schmidt, P., on granular degeneration,

99.

Schmidt and Strasburger, on amount

of intestinal debris in faeces, 308.

on fat absorption from faeces, 333.

on test diet, 317.

Scholz, on indoxyl, 446.

Schorlemmer, on Hammerschlag's

method, 293.

on Mett's method, 293.

Schottelius, on growth of "sterile"

animals, 307.

Schottmilller, on paratyphoid, 247.

Schreiber, ref . to, on theories of gout,

483.

Schilffner, on stippling of red cell in

malaria, 199, 202.

Schule, on gastric secretion, 261.

Schiile and Muller, reference on chy-

loid exudates, 638.
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Schtitz, E., on laws of peptic diges-

tion, 260, 294.

Schwarz, alimentary Isevulosuria, 532.

Schwyzer, on myelocytosis in fluorine

poisoning, 126.

Sediments, in urine, 590.

Seegen, on laevulosuria, 531.

Seller, on Sahli test meal, 263.

Seliwanoff, reaction for laevulose in

urine, 533.

Senator, on creatinin, 463.

Sepsis causing leucocytosis, 181.

Septicsemia, blood changes in, 187.

Serous exudates, 636.

laevulose in, 532.

Serum, blood, composition of, 7.

diagnosis, method of, 246.

reactions, 229.

Shaw, on errors of milk tests, 677.

Shiga, on dysentery bacilli, 322, 248.

Sicard and Monod, on leuksemic ex-

udates, 658.

Siderosis, 408.

Simmons, on pseudoleuksemia, 161.

Simon, on absence of eosinophiles in

myelogenous leukaemia, 174.

on Bence Jones proteid, 511.

on cystinuria, 461.

on Dare's haemoglobinometer, 32.

on diaminuria, 462.

Sippy, on splenic anaemia, 162.

Skatol - carbonic acid, tests for,

445.

in faeces, 327.

in urine, 444.

Skin diseases, eosinophilia in, 122.

parasitic diseases of, 374.

Slides, cleaning, 702.

Smegma bacillus, Bunge-Tranten-

roth's stain for, 396.

Pappenheim's stain for, 392, 613,

614.

Smith, on crystals in urine due to for-

malin, 601.

Smith, A. J., on uncinariasis in the

United States, 369.

Smith, E. E., on estimating uric acid,

487.

Smith, W. H., on staining sputum,

388.

Smith-Rosin test for bilirubin in

urine, 564.

Sodium hydrate solution, normal,

695.

Sodium hydrate solutions, specific

gravity of, 691.

Sodium thiosulphate, decinormal, 700.

Sodium urate crystals, in urine, 601.

Soetbeer, on estimation of hippuric

acid, 454.

on leucin and tyrosin, 457.

Solutions, no mal, 694.

Sorensen and Pederson, on Kjeldahl

method, 469.

Sorochowitsch, on iodophilia, 58.

Soxhlet apparatus, 335.

Specific gravity, of blood, 2.

determination of, 33; Hammer-
schlag's method, 34; Schmaltz'

method, 33.

of milk, 669, 671.

of saliva, 378.

of urine, 416.

of urine, determination of, by pyc-

nometer, 418; urinometer, 416;

Saxe's hydrometer, 418; West-

phal balance, 418.

tables. See Tables.

Spectroscopic test for blood in urine,

570.

Spectrum, absorption, of acid hsema-

tin, 15.

of alkaline hsematin, 15.

of blood, 12.

of cyan-haematin, 22,

of cholecyanin, 331.

of glucosazon, 541.

of haemoglobin, 12.

of hydrobilirubin, 330.

of methaemoglobin, 12.'

of orcin test, 149.

of oxyhaemoglobin, 12.

of reduced haematin, 15.

Spermatic fluid, Florence reaction

for, 621.

Spermatozoa, in urine, 595.
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Spiegler's reagent, 689.

test for albumin, 500, 502, 505; in

urine, 500.

Spirochaete, buccalis, 377.

of Obermeier, 211.

Spleen, as a blood forming organ, 113.

Sporozoites, 198.

Spotted fever, 222.

blood changes in, 222.

parasite of, 222.

Sputum, 381.

Actinomyces hominis in, 402.

amount of, 381.

B. anthracis in, 397.

B. influenzae in, 401.

B. leprae in, 395.

B. mallei in, 401.

B. mucosus capsulatus in 400.

B. pestis in, 401.

B. proteus vulgaris in, 404.

B. smegmas in, 396.

B. tuberculosis in, 389.

bacteria in, 388.

bile pigment in, 382.

blood in, 383, 384.

cartilaginous rings in, 384.

Charcot-Leyden crystals in, 384,

387, 388, 406.

classification of, 383.

collection of, 381, 390.

color of, 382.

concretions in, 384.

consistence of, 382.

crystals in, 387.

Curschmann's spirals in, 383, 384,

407.

echinococcus in, 384.

elastic tissue in, 385.

epithelial cells in, 385.

, examination of, macroscopical, 381

;

microscopical, 384.

fibrin in, 387.

fibrinous casts in, 383.

foreign bodies in, 384.

Friedlander's bacillus in, 400.

fungi in, 402.

glanders bacilli in, 401.

*' heart disease cells" in, 385.

Sputum, influenza bacilli in, 401.

in abscess of liver, 406.

in amylosis, 409.

in anthracosis, 408.

in bronchial asthma, 406.

in bronchitis; acute, 403; chronic,

403.

in bronchitis, fibrinous, 404.

in carcinoma of lungs, 407.

in chalicosis, 408.

in chronic congestion, 407.

in empyema, 406.

in gangrene of lung, 404.

in phthisis, 407.

in pneumonia, acute lobar, 405.

in sarcoma of lungs, 407.

in siderosis, 408.

in tuberculosis, pulmonary, 386,

407.

lepra bacillus in, 395.

leucocytes in, 384.

lung tissue in, 384.

Micrococcus catarrhalis in, 398;

tetragenus in, 399.

odor of, 383.

plague bacilli in, 401.

Pneumococcus lanceolatus in, 399.

rusty, 406.

smegma bacillus in, 396.

starch in, 409.

streptococci in, 398.

timothy bacillus in, 397.

typhoid bacillus in, 400.

Staining fluids, preparation of, 683.

Staining reactions of bacteria, 640.

Stains, in blood work, 78.

Staphylococci, in blood, 226; in

sputum, 398.

Staphylococcus pyogenes aureus in

saliva, 377.

Starch, action of saliva on, 379.

digestion of, 297.

in f«ces, 312, 337.

in sputum, 409.

in stomach, 273.

Steinberg, on *' collateral " agglu-

tinius, 243.

Steinhaus, on laevulosuria, 532.
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Stengel and White, on anaemia due to

acetanilid, 142.

Stephens and Christophers, on diag-

nostic importance of large mon-

onuclears in malaria, 204.

on anatomy of mosquitoes, 211.

on crescents, 195.

on malarial stippling of erythro-

cyte, 193.

Sterilization of syringes, 5, 224, 654.

Stern and Korte, on bactericidal diag-

nosis, 246.

Steven, on lymphocytosis, 187.

Stewart, on typhoidal cholecystitis,

243.

Steyrer, determination of urinary am-
monia, 438.

on urinary chlorides, 423.

Sticker, on Bacillus leprae in nose, 395.

Stiles, on Hymenolepis nana, 354.

on Pyroplasmosis, 222

on Uncinaria Americana, 368.

Stiles and Lusk, on sugar-nitrogen

ratio, 517.

Stober, on absorption of agglutinins,

245.

on paratyphoid, 247.

Stockman, on indigo urine, 447.

value of cryoscopy, 632.

Stokes and Wegefarth, on blood dust,

117.

Stokvis, on methaemoglobinaemia with

methaemoglobinuria, 568.

test for bile pigments, 566.

Stomach, absorptive power of, test

for, 300.

carcinoma of, 303.

contents. See Gastric contents,

dilatation of, 300.

mobility of, test for, 299.

tube, contraindications to use of,

268; technique of passing, 266.

ulcer of, 300.

washing, 266.

Strasburger, on bacterial content of

faeces, 308.

on sedimenting tubercle bacilli,

394.

Strauss, alimentary Isevulosuria in

hepatic disease, 532.

method of estimating indoxyl, 448.

on anaemia following bone marrow
metastases, 146.

on cryoscopy, 630.

on estimating total secretion of

gastric juice, 271.

on lactic acid in gastric dilatation,

301.

on nitrogen excretion through the

kidneys, 625.

on normal amount of gastric juice,

302.

on quantitative test for indoxyl,

448.

on sieve for stools, 308.

sarcomatosis and lymphatic leukae-

mia, 180.

test for lactic acid, 289.

Strauss and Rohnstein, on absence of

eosinophiles in myelogenous leu-

kaemia, 174.

Streptococci, in sputum, 398.

Streptococcus pyogenes, in blood,

225.

pleurisies, exudates of, 659.

Strong and Musgrave, on Balantidium

coH, 342. *.

Strong, on accidental infection by
dysentery bacilli, 322.

on Strongyloides intestinalis, 362.

Strongyloides intestinalis, 362.

Strzyzowski, blood test, 18, 275, 329.

Succinic acid, in urine, 574.

Sugar-nitrogen ratio in diabetes, 517.

Sulphates, combined or conjugate,

430.

determination of, 431.

ethereal, determination of, 432.

in urine, 430.

in urine, tests for, 431.

Sulphates, preformed, 430.

Sulphonal, in urine, 589.

Sulphosalicylic test for albumin in

urine, 501.

Sulphur, neutral, determination of,

433; in urine, 433.
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Sulphur, reaction for proteids, 492.

Suppuration, prolonged, anaemia due

to, 139.

Swain, on allantoin, 465.

Syphilis, anaemia due to, 139.

blood changes in, 188.

Syphilitic pleurisies, exudates in, 658.

Syringes, needles for, 5.

sterilization of, 5, 224, 654.

Tables, for correction of specific grav-

ity of urine, 417.

of carbohydrate reactions, 548.

of specific gravity, of alcohol, 694;

ammonium hydrate, 691; hydro-

chloric acid, 692 ; nitric acid, 692

;

potassium hydroxide solutions,

691 ; sodium hydroxide solutions,

691; sulphuric acid solutions,

692.

Taenia, Africana, 362.

diminuta, 354.

echinococcus, 358.

flavopunctata, 354.

mediocanellata, 356.

nana, 352.

saginata, 356.

solium, 355.

Tallqvist, haemoglobinometer, 31.

on blood regeneration, 132.

Tannigen, in urine, 589.

Tannin, in urine, 589.

Tapeworms, 346.

Taurocholic acid, in urine, 573.

Taylor, on basophilia, 124.

Taylor and Sailer, on haematopor-

phyrinaemia, 571.

Teichmann, on haemin crystals, 17,

275, 329, 570.

Terpin hydrate, in urine, 590.

Test, Justus, in syphilis, 140, 189.

Test meals, 261.

Boas, 265.

Ewald, 261.

for motility of stomach, 266.

for testing digestive power of in-

testine, 317.

Riegel, 262.

Test meals, Sahli, 262.

Schmidt and Strasburger's, 317.

time of administration, 265.

Tetronal, in u ine, 589.

Thayer, leucocytosis in typhoid, 182.

on Strongyloides intestinalis, 362.

on Widal reaction, 242.

Thayer and Blumer, on gonococcus in

blood, 227.

Theobald, on mosquitoes, 211.

Theodor, on pernicious anaemia in in-

fancy, 159.

Thiele, on uroferric acid, 452.

Thierfelder and Nuttall, on growth of

"sterile" animals, 307.

Thionin stain for malarial parasites,

88.

Thiosulphate solution, 440, 441,

700.

Thomas and Weber, method of esti-

mating pepsin, 294.

Thoma-Zeiss haemocytometer, 36.

Thrush fungus, 378.

Thymol, in urine, 590.

Tick fever, 222.

Timothy bacillus, in sputum, 397.

Tinea, circinata, 375.

tonsurans, 374.

versicolor, 375,

Tinker, on value of cryoscopy, 631.

Tissue smears, preparation of, 74.

Tobieson, on agglutination reactions,

240.

Toison's fluid, 41.

Topfer, method of gastric analysis,

280.

Total nitrogen of the blood, 52.

Total solids of the blood, 51.

Toxic albuminuria, 507.

Transition forms of leucocytes, 102.

Transudates, 633.

albumin in, 633.

cells in, 638, 653, 656.

proteid contents, determination of,

634.

specific gra^^t\ of, 633.

Treadwell, on normal solutions, 697,

699, 701.
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Treadwell, on phenolphthalein as an

indicator in determining phos-

phates, 282.

Trematoda, 343.

Tricalcium phosphate crystals, in

urine, 604.

Trichina spiraUs, 365.

Trichinella spiralis, 365.

Trichloracetic acid test for albumin

in urine, 501.

Trichocephalus dispar, 364.

Trichocephalus trichiurus, 364.

Trichomonas intestinalis, 342.

vaginalis, 341.

Trichinosis, 365.

eosinophilia in, 123.

Trichophyton microsporon, 374.

megalosporon, ectothrix, 375.

endothrix, 375.

Trimagnesium phosphate crystals, in

urine, 604.

Trional, in urine, 589.

Triple phosphate crystals in feces,

316.

in sputum, 388.

in urine, 605.

Trommer's test for glucose in urine,

518.

Tropseolin test for hydrochloric acid,

277.

Trypanosoma Brucei, 221.

equiperdum, 221.

Evansi, 221.

hominis, 219.

Lewisi, 221.

Trypanosomiasis, 219.

Trypsin, in pancreatic cyst fluid,

653.

Tschistovitch, on precipitins, 251.

Tubercle bacilli, Biedert's method of

demonstrating, 393.

Gabbett's stain for, 391.

in spinal fluid, 663.

in sputum, 389.

in urine, 613.

Jochmann's method, 395.

Pappenheim's stain for, 392.

Ziehl-Neelsen's stain, 390.

Tubercle bacillus, demonstration of,

by inoscopy, 660.

Tuberculin, 615.

Tuberculosis, agglutination reaction

in, 250.

blood changes in, 188.

diazo-reaction in, 558.

genito-urinary, 615.

leucocytosis in, 188.

leucopenia in, 188.

pulmonary, elastic fibers in sputum
of, 386; sputum in, 407.

Tumor cells, in exudates, 638, 658.

fragments of, in urine, 594.

Tumors, anaemia due to, 142.

Tilrk, on classification of lympho
matous conditions, 180.

on diluting mixture, 46.

on "irritation forms," 106.

on polycythaemia, 129.

reference to Vorlesungen iiber klin.

Hamatologie by,' 258.

Typhoid bacilli in blood, 228.

in faeces, 323.

in sputum, 400.

in urine, 612.

Typhoid fever, blood changes in, 182.

diazo-reaction in, 558.

early leucocytosis in, 182.

early leucopenia in, 183.

faeces in, 323.

leucocytosis in, 184.

lymphocytosis in, 184.

Widal reaction in, 229.

Tyrosin, in faeces, 327.

in gastric contents, 276.

in sputum, 388.

in urine, 457, 603.

isolation of, 458.

tests for, 458.

Uffelmann, test for lactic acid, 288,

589.

Ulcer of intestine, 320.

of stomach, use of stomach tube in,

269; diagnosis of, 300; hyper-

chlorhydria in, 287.

Uncinaria Americana, 368.
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XJncinaria Americana, 368.

duodenale, 368;

anaemia due to, 147.

Uranium nitrate solution, 429.

Urea, crystals, melting point of, 472.

decrease in excretion, 471.

estimation of, 473; Folin's method,

478; hypobromite method, 473;

Momer-Sjoqvist method, 478;

Schondorff's method, 479.

in nephritis, 471.

in urine, 470.

increase in excretion, 471.

nitrate crystals, 472.

tests for, in urine, 472; biuret re-

action, 472; Schiff's reaction,

473.

Urethan, in urine, 590.

Uric acid, 481.

amount of, 481.

calculi, 608.

crystals, in urine, 601.

derivation of, 481.

excretion of, 481.

in gout, 483.

infarcts, 484.

quantity, determination of, 484;

Hopkins' method, 486; Ludwig-

Salkowski method, 484.

tests for, 484; murexide test, 484.

and purin bases in urine, deter-

mination of, 488.

Urinary, calculi, 608.

sediments, preservation of, 592.

Urine, 410.

acetanilid in, 578.

acetone bodies in, 547.

acetone in, 547, 550.

acidity, determination of, 414.

albumin in, 497, 505, 629.

albumose in, 508, 511.

alkapton acids in, 455.

allantoin in, 465.

alloxyproteic acid in, 452.

ammonia in, 436.

antipyrin in, 578.

arabinose in, 538; estimation of,

542.

Urine, aristol in, 579.

aromatic bodies in, 442.

aromatic oxyacids in, 451.

asaprol in, 579.

atropine in, 579.

bacteria in, 612.

Bence Jones proteid in, 511.

benzoic acid in, 452.

beta-oxybutyric acid in, 547.

betol in, 579.

bile acids in, 573.

bile pigments in, 562; Gmelin's

tests for, 563; Hammarsten's
test for, 564; Jolles' test for, 565;

Rosenbach's test for, 564; Smith-

Rosin test for, 564.

bilicyanin in, 566.

bilirubin in, 562.

blood in, 566.

blood in from bladder, 567.

blood in from kidneys, 567.

blood in from ureters, 567.

blood in from urethra, 567.

blood in from uterus, 568.

bromine in, 579.

brucine in, 579.

cacodylic acid in, 580.

cadaverin in, 461.

caffeine in, 580.

calcium oxalate crystals in, 434.

camphor in, 580.

cantharidin in, 580.

carbohydrates in, 513,

casts in, 595; blood, 598, 601; epi-

thelial, 597, 600; hyaline, 596,

598; granular, 597, 600; pus, 598,

601 ; waxy, 598, 600.

chemistry of, 421,

chloral hydrate in, 580

chlorides in, determination of,

Mohr's method, 425; Volhard's

method, 426.

chloroform in, 580.

cholecyanin in, 566.

chrysarobin in, 580.

clearing, 493.

cocaine in, 580.

colchicin in, 581
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Urine, color of, 412.

composition of, 421.

creatinin in, 462.

creolin in, 581.

cresol in, 442.

cryofin in, 581.

crystals in, 601 ; see also crystals.

cylindroids in, 596.

cystin in, 459; tests for, 460, 461.

diacetic acid in, 547, 552.

diamins in, 461.

diazo-reaction, 556.

dionin in, 581.

drugs in, 578.

epithelium in, 593.

euglobulin in, 481.

euphorin in, 581.

exalgin in, 581.

examination of, from each kidney,

626.

examination of mixed, 624.

examination of, to determine effi-

ciency of kidneys, 623.

exodin in, 581.

fat in, 575.

fatty acids in, 576.

ferments in, 577.

fibrinoglobulin in, 490.

freezing point of, 625, 628.

glucose in, 513, 514, 515, 516.

glycocholic acid in, 573.

glycocoll in, 459.

glycuronic acid in, 542.

gonococcus in, 612.

guaiacol in, 581.

hsematoporphyrin in, 559, 571.

heroin in, 581

hippuric acid in, 453.

histon in, 491.

hydrochinon in, 456.

in cystitis, 616.

in gonorrhoea, 617, 619.

in prostatitis, chronic, 620.

indican in, 445.

indol in, 443.

indoxyl in, 445.

inorganic substances in. 421.

iodine in, 582.

Urine, iodoform in, 581.

iron in, 439.

isomaltose in, 514.

kairin in, 582.

lactic acid in, 575.

lactophenin in, 582.

lactose in, 514, 535.

laevulose in, 514, 531.

lead in, 583.

leucin in, 457; tests for, 458.

leucocytes in, 592.

lipase in, 577.

lysol in, 584.

maltose in, 537.

melanin in, 562.

mercury in, 585; Marshall's test

for, 585.

methylene blue in, 586,

microscopic examination of, 590.

morphine in, 586.

mucin in, 494.

mucous threads in, 595.

mucus in, 593.

naphthalin in, 586.

naphthol in, 586.

nitrobenzol in, 586.

nucleo-albumin in, 495.

nucleo-histon in, 491.

odor of, 413.

organic substances in, 422.

organized deposits in, 592. ^

oxalates in, 434.

oxalic acid in, 434; determination

of, 435; Autenrieth's and Earth's

method, 436; Baldwin's method,

436; Salkowski method, 435.

oxaluric acid in, 574.

oxybutyric acid in, 547.

oxyproteic acid in, 452,

parasites in, 612.

pathological constituents, table

of, 422.

pentoses in, 515, 538

pepsin in, 577

peptone in, 491, 509, 377.

phenacetin in, 587,

phenol in, 442, 587.

phosphates in, 427.
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Urine, picric acid in, 587.

pigments in, 559.

piperazin in, 587.

properties of, physical, 411.

proteids in, 490.

ptomains in, 461.

purgatin in, 587.

purgen in, 587.

purin bodies in, 488.

putrescin in, 461.

pseudoglobulin in, 491.

pyramidon in, 587.

pyrocatechin in, 456.

quantity of, 411.

quinine in, 588.

reaction of, 413.

red corpuscles in, 592.

removing albumin from, 504.

resorcin in, 588.

rhubarb in, 589.

saccharin in, 589.

saccharose in, 514.

salacetol in, 589.

salicylates in, 589.

salipyrin in, 589.

salophen in, 589.

salol in, 589.

salosantal in, 589.

sandalwood oil in, 589.

santonin in, 589.

sediments in, 590.

skatol in, 444.

smegma bacilli in, 613.

specific gravity of, 416, 628; de-

termination of, by pycnometer,

418; Saxe's hydrometer, 418;

urinometer, 416; Westphal bal-

ance, 418.

spermatozoa in, 595.

study of, 410.

succinic acid in, 574.

sulphates in, 430.

sulphonal in, 589.

sulphur, neutral, in, 433.

tannigen in, 589.

tannin in, 589.

taurocholic acid in, 573.

terpin hydrate in, 590.

Urine, tetronal in, 589.

thymol in, 590.

total nitrogen in, 465.

total solids, 421.

transparency of, 413.

trional in, 589.

tubercle bacilli in, 613.

tumor fragments in, 594.

typhoid bacilli in, 612.

tyrosin in, 457; tests for, 458.

urea in, 470.

urethan in, 590.

uric acid in, 481.

urobilin in, 559, 560.

urochrome in, 559.

uroerythrin in, 559, 562.

uroferric acid in, 452.

urotropin in, 590.

yeasts in, 613.

Urinometer, 416.

Urobilin, in urine, 559, 560.

tests for, 560.

Urobilin icterus, 560.

Urochrome, 559.

Uroerythrin, 559, 562.

Uroferric acid, in urine, 452.

Urostealith calculi, 609.

Urotropin, in urine, 590.

Ury, reference to, on qualitative in-

dol tests in faeces, 328.

Vaccinia, blood changes in, 186.

Van der Poel, value of cryoscopy,

632.

Vaqtiez and Lauhry, on urinary chlo-

rides, 424.

Variola, blood changes in, 186.

Vincent, on angina, 649.

Viola, on conductivity, 69.

Virchow, on frequency of cysticercus,

356.

Virulence of diphtheria bacillus, 647.

Vitali, on chloroform in urine, 580.

Voelker and Joseph, on excretion of

indigo-carmine, 626.

Vogel, on estimation of proteid, 504.

Vogt, on effect of food on purin ex-

cretion, 482.
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Volhard, on gastric lipase, 259.

test for chlorides, 426.

Volhard and Stade, on estimation of

lipase, 296.

Volk and de Waele, on agglutination,

237.

Volume index of blood, 10.

Vomitus. See Gastric contents.

Wacholz and Sieradzki, on CO-hsemo-

globin, 21.

Wadsworth, on agglutination of pneu-

mococcus, 250.

on bleeding rabbits, 254.

Wainwright and Nichols, on Strongy-

loides intestinalis, 362.

on uncinariasis, 148.

Waldvogel, on Arnold's test for dia-

cetic acid, 553.

Wan^, on indoxyl, 450.

Ward, on Strongyloides intestinalis,

362.

Warthin, on leucopenia in tubercu-

losis, 188.

Wassilyew, on estimation of proteid,

504.

Watson and Bailey, value of cry-

oscopy, 632.

Waxy casts, in urine, 598, 600.

Weber, test for blood, 274, 323, 329.

Weber, F. P., on indigo urine, 447.

on Bence Jones proteid, 511.

Weigert, fibrin stain, 387, 402, 403,

684.

elastic tissue stain. 386.

Weil, on complicating infections in

leukaemia, 175.

on myelocytes in variola, 186.

Weintraud, on effect of food on purin

excretion, 482.

Welch, on capsule stain, 399.

Wende, sarcomatosis with leuksemic

blood. 180.

Wentworth, on infantile pseudoleu-

ksemia, 159.

Westphal balance, 419.

Weyl, test for creatinin, 463.

White cells. See Leucocytes.

Widal reaction, constancy of appear-

ance of, 240.

time of appearance of, 240.

diagnostic value of, 245.

persistence of, 241.

in typhoid fever, 229.

Widal, on retention of chlorides,

625.

Widal, Fromme, and Digne, on uri-

nary chlorides, 424.

and Javal, on urinary chlorides,

424.

and Lemierre, on urinary chlorides,

424.

and Ravaut, on cytodiagnosis, 655,

657, 658, 659.

and Sicard, on agglutination, 229.

Wiener, on uric acid, 481.

Wile, on polycythsemia, 128.

Wilkinson, on transition of lym-

phatic to myelogenous leukae-

mia, 179.

Willebrand, on blood changes after

haemorrhage, 135.

Williamson, on color reactions in dia-

betes, 55.

Wilson and Chowning, on spotted

fever, 222.

Winkler and Stein, on testing motility

of stomach, 300.

Wladimiroff, on relapsing fever, 212.

Wohlgemuth, on conjugation with

glycuronic acid, 544.

Wolf, on chyloid exudates, 637.

on basophiles in pleural exudates,

124.

Wollstein, on agglutinations with dys-

entery bacillus, 249.

Wood, on chromatin stain for blood,

87.

on prognostic value of diazo-re-

action in phthisis, 558.

Woodward, on estimation of milk pro-

teids, 677.

Wright, A. E., on determining co-

agulation time of the blood,

54.

Wright, J. H., on blood stain, 84.
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Xanthin, 488.

calculi, 609.

Xanthoproteic reaction for proteids,

492.

Xerosis bacillus, 644, 646.

Yeast cells, in gastric contents, 273.

in faeces, 315.

in urine, 613.

Zappert, diluting solution, 46.

on eosinophilia, 121.

Zappert-Ewing, counting chamber,

46.

Ziehl-Neelsen, stain for tubercle ba-

cilli, 390, 683.

Ziemke, on haematoporphyrin, 23.

Ziemke and Miiller, on cyanhamo-
chromogen, 22.

Zikel, on cryoscopy, 62.

Zimmer, on lacvulosuria, 531.

Zollikofer, on basophilia, 124.

on diluting fluid, 47.

Zupnik, on agglutination in jaundice,

242.

on tuberculin reaction, 616.

Zypkin, on splenic anaemia changing

to leukaemia, 177.
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" This is a work of rare merit, and any physician who does not have it in his

library can not possibly be up to date in the interesting and important diseases

which affect the intestinal tract. . . . Altogether, we consider Dr. Boas's book
one of the, if not the most valuable, which has emanated from the English press

for many a day."

—

Canada Medical Record, Montreal.

"So well known is the reputation of the author, so great has been the suc-

cess of his book in other countries, and so meager is the amount of good literature

upon this subject, that the translation of Dr. Boas's Diagnostik und Therapie

der Darmkrankheiten into English is an event of importance. The book has been
written especially to meet the needs of the general practitioner, but by reason of

an exhaustive treatment. of physiologico-chemical processes and a clear and con-
cise review of laboratory methods, it will prove of value both to students and to

all sorts and conditions of medical men."

—

Journal of Medicine and Science,

Portland, Me.

"The popularity of Dr. Boas's treatise in German, and the absence of any
exhaustive work on intestinal diseases in English, have led to this translation.

Adapted to meet the needs of the general practitioner, but of exceptional value

to other scientific investigators on account of its thorough and concise descrip-

tion of physiologico-chemical processes and laboratory methods. This elaborate

edition contains added material in the chapters on Appendicitis and Hydrothera-

peutics. A special account is given of the intestinal gases. Internal medicine

owes a heavy debt to surgery, for the surgeon has contributed most to the

progress reflected in this book. The invaluable contributions the American

profession is universally conceded to have made are utilized and acknowledged
throughout by numerous references."

—

Indiana Medical Journal.
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" Probably no book that has appeared this year has been looked forward

to with so much anticipation as this work of Dr. Tuttle. Not only has the

author gained an enviable national reputation as a specialist in his chosen field,

but he is widely known also as a successful teacher in this comparatively new
specialty. Great expectations are apt to meet with disappointment, but in this

instance there is a marked exception. The book is almost encyclopedic in the

amount of information it contains, and yet the information is presented in a con-

cise and attractive style. The illustrations in the book are on a high plane of

artistic merit; they are readily understood, and are also instructive."

—

The New
York State Journal of Medicine.

" This volume deals with one of the most important departments of medi-
cine and surgery, and one which is progressively attracting more and more
attention. A long experience in one of the largest rectal clinics in the world has

peculiarly fitted the author to discuss the subject in an exhaustive manner.
While in great measure the volume reflects the personal experience of the

author, much attention is nevertheless given to the ideas and results of other

operators, and in every instance the reader is afforded an opportunity to choose
between the different methods of management or treatment proposed. It is by
no means exclusively a surgical work, for much attention is devoted to the medi-
cal management of the diseases of the anus, rectum, and pelvic colon. A great

deal of attention has been devoted to the examination, diagnosis, and local

treatment of rectal diseases, and the chapters devoted to these subjects are no-
where excelled in the English language; chapters which every practising physician

and surgeon could and should read with much profit, for in no department of

medical science is the general practitioner more lamentably weak than in the

examination, diagnosis, and management of rectal disorders."

—

Medical News.

"We are pleased to observe that medical as well as surgical treatment has

received the most painstaking consideration, and the treatise is a remarkably
well-balanced one The embryology, anatomy, and physiology of the parts

concerned are discussed with thoroughness and clearness, and the text is further

enlightened by the beautifullv executed drawings to which we have referred.

The subject of rectal feeding is discussed with full regard for the practical side.

The author has included a large number of carefully selected formulae for rectal

feeding. In our opinion the chapters devoted to the consideration of malignant
neoplasms, containing as they do the most accurate and clear description of

operative procedures, are worthy of the highest praise."

—

The ^Philadelphia
Medical Journal.
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It is certainly refreshing that a man of the experience and ability of the

author of this volume has culled from this mass of literature the essentials, and
given us in a well-planned volume the gist of the entire subject.

"The book is systematically arranged, and each subject is taken up and
dealt with in a way that makes it easily accessible to the busy practitioner.

The style is explicit and never verbose, which, with the fine vein of humor run-

ning through it, makes it very enjoyable reading."

—

Northwestern Lancet.

"Gonorrhea is gone into more extensively than in any other work."

—

Denver Medical Times.
" As a text-book on Genito-Urinary Surgery it stands at the head of the

publications on the subject in the English language. Our readers wishing an

up-to-date work on the subject can not do better than to buy this latest and
newest work."

—

Medical Century.

" The book is well illustrated, well printed, well arranged, and will be more
popular than its predecessors "

—

Chicago Medical Recorder.

" The chapters on the affections of the posterior urethra, prostate and semi-

nal vesicles are especially good, and many ' pointers ' are found in the chapter on
the 'Treatment of Urethral Inflammation and their Immediate Complications.' "

—Canada Medical Record.

"This is a good book on an important subject. Within the compass of

800 pages it gives a comprehensive treatment of the various diseases of this

special branch of surgery, and, while not discarding the good of the older work,
it embraces all that is new in this f\e\d.''—Journal of Medicine and Science.

"This is so well written as to be exhaustive in character, and needs little

or no comment from the reviewer further than to mention its completeness in

every particular."

—

Cincinnati Lancet-Clinic.
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guide for students and practitioners in this very important field ot medical prac-

tise."

—

-Journal of Medicine and Science.

" Works on diagnosis are comparatively numerous at the present time, but
each new one has its special features of interest and value. The present volume
covers the greater portion of the field of internal medicine in a very satisfactory

way, and undoubtedly will be found by many more acceptable than other works.
it is particularly strong in its illustrations ; these are geneially very well selected to

illustrate the text, which itself is clear and readable. It is well worth a place in the

physician's Mbrary.'^journal of the American Medical Association, Chicago.

" This volume presents some unusual features, and will find many readers who
will appreciate the method by which the subject is treated. The great bulk of

the work deals with the evidences of disease, and does so in a most satisfactory

manner. The student is taught how to proceed in the examination of his patient,

what routine questions are to be asked such as would lead to a preliminary

opinion which in turn would suggest certain examinations in detail. The author

teaches not only what to do, but how to do it, and his advice and method of

diagnosis are to be highly recommended. The smaller details, which only acute

observers notice, are pointed out and their significance is weighed. . . . The
author is evidently fully conversant with the clinical evidences of disease, for his

treatment of the chapters on the signs and symptoms which present themselves
in the patien tis unusually well balanced with reference to their importance."

—

Medical Record.
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Columbus Medical Journal,
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" The announcement in the introduction that ' this volume has been pre-

pared for the perusal of the general practitioner and medical student rather than

for the specialist in laryngology' is significant. It means that the work is

designed to be an aid to those who do not devote themselves exclusively to this

department of medicine, but who generally are the first to see and treat all cases

of the common affections of these parts."

—

St Louis Cliniqiie, St Louis, Mo.

" This is a good book for general practitioners. It is written from the stand-

point of experience or observation. It is thoroughly systematic in its arrange-

ment. The writings of the best authorities have been freely consulted and quoted

whenever necessary. The student can easily follow the sound teachings of the

author, who makes his points clear and distinct. The illustrations are well

selected, showing operations, instruments, general appearances of parts diseased,

and pathological conditions under the microscope, etc. Seven or eight pages of

formulae for various conditions of the throat and nose are appended. While the

preface states that the volume has been prepared for ' the general practitioner and

medical student rather than for the specialist in laryngology,' the specialist will

not fail to recognize in the book many excellent suggestions, and will gladly

adopt some of the practical advice given in the work. A good index concludes

the book."

—
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