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ON THE ACTION OF CHLORAL HYDRATE ON THE
HEART WITH REFERENCE TO THE SO-CALLED
PHYSIOLOGICAL PROPERTIES OF HEART MUSCLE.

A. J. CARLSON.

[From the Hull Physiological Laboratory of the University of Chicago^

I.

THE peculiarities of the heart tissues as revealed by the

response of the heart to direct stimulation are generally con-

sidered to indicate the properties of the heart muscle, only scant

consideration being usually given to the part that the intrinsic

nervous system in the heart may play in these reactions. In the

reaction of the heart to direct stimulation the influence of extrinsic

nerves and nerve endings may possibly be eliminated by section of

these nerves and allowing time for degeneration. The cardiac fibres

of the vagi may possibly be eliminated by atropin and nicotine,

although the point of action of these drugs in the vertebrate heart is

still a matter of inference by analogy. According to Hering there

is no drug that will abolish the action of the augmentor nerves on

the heart without impairing the heart muscle.' The fact that the

ventricular apex exhibits the reaction characteristic of the heart

tissues on direct stimnlation may be urged as evidence that the

intrinsic nervous tissue is not a factor in these reactions, but even

the apc.x of the ventricle contains the t)-pical nerve plexus or intra-

muscular nerve net, and in some vertebrates at least, ganglion cells.*'^

' H EKING : Archiv fiir die ges.immte Pliysiologie, 1903, .\ci.\-, p. 250.

' Carlson: Archiv fiir die gesammte Pliysiologie, 1905, cix, p. 51.

I



2 A. 7- Carlson.

Unless the intrinsic nervous system in the heart walls is thrown out

of function it is obvious that any stimulus that affects he muscle

cells will at the same time act on the nervous t.ssue. In fact the

:: ous tissue may be more highly excitable than the muscle ce to

many forms of stimuli, so that some of the reactions o the heart to

e t stimulation may be caused by the stimulation of the nervou^

tissue alone. It would then seem obvious that " as yet we do not know

h
"

perties of the heart muscle in the vertebrates apart from the

ntriUic nervous tissue." ^ It may be that the Pecul-rmes revea d

by the response of the heart to direct stimulation are due to rte

peculiar properties of the heart muscle, but it is also possible that

they are due to the peculiar properties of the intrinsic nervous tissue

in the heart and to the physiological interaction between the two

tissues. Direct proofs are lacking in support of either view.

II.

Harnack,^ Bohme,^ and Rohde ^ have recently made important

contributions towards the solution of this question. When the heart

of the frog or the tortoise is subjected ^^ ^^^ ^^^^°7f,"\°"°;"t"'

aldehyde or chloral hydrate it is brought to a standstill in d.a tole

after a primary augmentation of the rhythm, while the heart still re-

tains its excitability and contractility, as shown by .'^s response to

direct stimulation. The f^rst action of these drugs is therefor h

abolition of automaticity after a primary stimulation. If the dru^s

are confined to the ventricle, the latter continues to beat in synchrony

with the auricles as long as it retains its excitability to direct stimu-

lation The work of Rohde seems to show that at a certain stage in

the action of chloral hydrate on the heart all special peculiarities of

response of the heart to direct stimulation are abolished whde excita-

bility and contractility of the heart walls still remain. At this stage

the heart responds to direct stimulation like an ordinary skeletal or

smooth muscle. It is readily tetanized, the characteristic refractory

period is not in evidence, and the heart responds to stimuli of gradu-

ally increasing strength with contractions of gradually increasing

1 Caklson : This journal, 1905, xii, p. 494-

2 Harnack: Archiv fur Physiologic, 1904, p. 415-
,„,„„:p ,nnc

. BOhme: Archiv fur experimentelle Patliologie und Pharmakologie, .90S,

''''^Votfrnc: Archiv fur experimentelle Pathologie und Pharmakologie, .905, Hv,

p. 104.
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amplitude. Rohde's interpretation of these results are that the

chloral hydrate paralyzes the intrinsic nervous tissues in the heart

before complete paralysis of the heart muscle is effected, and the

heart muscle thus separated from the intrinsic nervous tissues re-

sponds to direct stimulation much like ordinary skeletal or smooth

muscle. The peculiarities in the response of the normal heart to

direct stimulation is therefore due to the direct stimulation of the

nervous tissues in the heart. Rohde cites experiments of Uexkiill

(on Sipuculus). Bethe (on Medusre), and Magnus (on the intestines)

as supporting by analogy this interpretation.

Rohde's e.vperiments are, however, capable of another interpre-

tation. Such a powerful general anaesthetic as chloral hydrate must

necessarily act on all the tissues in the heart. It is conceivable that

at a certain stage in the action of the chloral hydrate on the muscle

cells these cells lose their peculiar properties of refractory state— all

or none response and non-tetanizability —while the more fundamental

properties of excitability and contractility are retained till a later

stage in the action of the drug. In other words, the chloral hydrate

may act on the heart muscle itself in a way to alter its response to

artificial stimulation. Personally, I do not think that this objection

will prove true, but as long as this interpretation remains a possibility

the question must be recognized as an open one.

III.

In the heart of Limulus, Rohde's interpretation of the action of

chloral hydrate may be put to the experimental test. The function

of the intrinsic nervous system in this heart is known. It is, further-

more, without destroying the heart rhythm, possible so to separate

the automatic heart ganglion, the nerve plexus, and the heart muscle

that the action of a drug may be confined to either tissue without

affecting the other. In this way it is a relatively simple matter to

determine the point of action of any drug in this heart as well as the

intensity or rapidity of action of general protoplasmic poisons, like

chloral hydrate, on the muscular and the nervous tissues. An ex-

tended series of experiments along this line have been carried out

making use of a number of drugs. The general results of this work

are soon to be reported. Chloral hydrate was included in the list of

drugs studied. The experiments with this drug were carried out in

the summer of 1905. The two main points of interest in the action
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the muscular tissue is paralyzed, tor accounts o

„„pari„. .he hear. a„.
-°;t°'rea.Lt reS e"

'

.^ on. It
"

desired.

IV.

n.lnrnl hvdratc has a primary stimulating action on the hea,t

/• ,f Tlfe roter the concentration of the drug, the greater

ganglion, ^he/^'^^"^^^
^V;^^,, ^ solution of the drug is

the or marv stimulating action. \\ mc.i a
.k<. fir=t

™>1 eJ .0 Ihe isola..cl posterior end of .he heart ganglion, th fi st

k^ elment being used tor reeorjing, the rhythm ,s greatly a.,g-

rrho^rin ratelnd ..t.ensity. This angn.en.a.ion n,ay ap,»ac

i„co„,p.ete ,et,n.„ before '^= -'l-™;^
^r^,': ^L rllythn,

of the ^ancrlion c activity sets in. Ihe augmenieu ^ „ j

is nearU alvays irregular in the way of alternating strong and weak

li ..h.rces ^roupin- of the nervous discharges, etc.

''''^:,'t^:£^^in ^'^e plasma or sea ^ater surrounding

tl^ press s the e.eitalility anei eontraetility of the heart museU

i^Z'priLry stimulation. No strength of the drug was f^^und t a

; ^d Xe a dLinct increase in the strength of the contraction wl

fined ,0 the heart muscle (and nerve and nerve-endings m the

Zsc It te s ro'ger concentrations of the drug tend to produce

nctascd .tonus in the muscle. This tonus contraction is

arcomnanied by any increase in the amplitude of the beats, and

itloTs no appear when relatively weak concentrations of the drug

U :. ;oyer It is therefore evident that chlo- hydra e ^as

nrimarilv an opposite action on the two tissues of the heart, a

prirary'stimullt'ng action on the heart ganglion, and a primary and

1 Caulson : This jovirnal, 1906, .xv, p. 207.
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continuous depressing action on the heart muscle (and nerve.endings),

while the final action of the drug is the same for both tissues, namely,

complete anaesthesia or paralysis. Because of the greater sensitive-

ness of the heart ganglion to the drug, the primary stimulating action

is first in evidence when the chloral hydrate is applied to the whole

heart. A similar primary stimulating action of chloral hydrate on

the frog's heart is recorded by Rohde. So far, then, the action of

this drug is the same on the frog's heart and the Limulus heart. In

the case of the Limulus heart, the primary augmented rhythm follow-

ing the application of the drug is due to the action of the drug on the

automatic ganglion. This may also be the mechanism of the primary

stimulation in the vertebrate heart, but this view is an interpretation

only ; a demonstration of it is so far wanting.

V.

When a solution of chloral hydrate is applied to the entire heart, the

heart tissues are ultimately paralyzed in the following order : ganglion,

nci-ecs, or ncti'e endings, muscle. The automatic activity and reflex

function of the ganglion appear to be abolished simultaneously. At

any rate, I never succeeded in obtaining any reflex response from the

ganglion on stimulation of any of the nerves leading from the gan-

glion to the heart muscle after the ganglionic rhythm had ceased

completely in the chloral narcosis. Such reflex responses are always

obtained from the ganglion under normal conditions, as I have pointed

out in a previous paper.^ At the stage when the automatic and reflex

activities of the heart ganglion are completely suppressed by a solu-

tion of chloral hydrate acting on the whole heart, direct stimulation

of the nerves leading from the ganglion to the heart muscle still

causes contraction of the latter, and when on continued action of the

drug the muscle finally ceases to respond to the stimulation of the

nerves, direct stimulation of the muscle itself still produces contrac-

tion. Accurate time measurements were not made, but in a solution

of the drug that abolishes automatism and reflex activity of the

ganglion in about ten minutes, the nerves remain excitable for fifteen

to twenty minutes, and the heart muscle itself thirty to forty-five

minutes longer. There can be, therefore, no question of the accuracy

of the above thesis for the Limulus heart. I have spoken of the

stage when the muscle ceases to respond to the stimulation of the

1 Carlson: This journal, 1905, xii, p. 4S3.
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nerves, as- the point of paralysis of the nerves. It

^^^llstiZll
that it is the nerve endings and not the nerve plexus tselt tha is

complety narcotized, or it is possible that the exctabihty of the

r; nni'cle itself is so greatly reduced that it no >onge-espon -

the impulses from the nerves, although U can be made to con act by

a strong electrical stimulus sent directly through the muscle cells^ But

these possibilities have no bearing on the question before us. for no

r;i.. .i.:.i»g p.i-.> .»"."">«" " ";• ^-f^ ,f.";;;:„";:":;:';„ i
;:: .„;L j„, „..-....

I-
;»». ".™ -^-

;X vi irLit;,:
and plasma in proportion of 1 to 15 appl.ea to inc g s

showing gradual diminution in the amplitude of the contracfon.

n^atter where the paralysis is located at this stage, it is obvious

that on direct stimulation of the heart the stimulation of the intrinsic

nerve plexus takes no part in the results.

VI.

The results on the Limuhis heart are therefore in complete agree-

ment with Rohde's interpretation of the mechanism of the change in

the response of the vertebrate heart to direct stimulation during the

different stages of chloral hydrate narcosis. In the L.mtilus hear

the results are a matter of demonstration, not of interpretation. 1
ut

in so far as the action of this drug appears to be identical in he

Limulus and the frog's heart, it seems to me, these results in Limulus

lend some support to Rohde's theory. I have pointed out in a pre-

vious paper some of the changes in the response of the Limulus

heart to direct stimulation following extirpation of the ganglion.

Complete paralysis of the ganglion by a drug is. of course, equivalent

to extirpation.
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According to a preliminary statement by Howell, Mr. Schultz, one

of Howell's students, has failed to confirm Rohde's results, particu-

larly as regards the abolition of the refractory period of the. heart

tissue at a certain stage of the chloral hydrate narcosis, Howell

maintaining that the heart tissues retain the property of a marked

refractory period, even after subjection to the action of chloral hy-

drate.i It is difficult to understand how contradictory results should

be obtained in a matter that may be determined by so simple and

direct experiments. If chloral hydrate abolishes the marked latent

period of the heart tissues this action is probably gradual, so that one

may find that the refractory condition remains in the earlier stages

of the narcosis, while in the later stages it is less in evidence. The

refractory state is, of course, not peculiar to the heart tissues.

In the heart of invertebrates, and at least some of the vertebrates,

it is a condition of reduced excitability only, and not a state of

inexcitability.2

> Howell: Journal of the American Medical Association, 1906, xlvi, p. 1670.

2 Carlson : Zeitschrift fur allgemeine Physiologie, 1904. iv, P- 259; This jour-

nal, 1906, xvi, p. 72.



THE INFLUENCE OF OSMOTIC PRESSURE ON THE

IRRITABILITY OF SKELETAL MUSCLE.

T

By WALTER J. MEEK.

[From thi Hull Physiological Laboratory of the Umversity of Cliicago.]

HE experiments reported in this paper were undertaken at

- the suggestion of Professor Carlson, with a view to determine

whether the effect of hypertonicity and hypotonicity on muscle cells

is the same as on ganglion cells. Carlson has shown that in the case

of the Limulus heart and the tortoise auricle hypertonicity of the

surrounding medium depresses the rate and decreases the amplitude

of the beat, while hypotonicity acts as a primary stimulus to the

rhythm and increases the amplitude of the beats.i i„ the Limulus

heart the action is the same on the heart ganglion and on the heart

muscle. In the case of the latter the action might be either on the

muscle cells or on the motor nerve endings. There is no way of

deciding between the two possibilities, since no drug is known that

will paralyze the motor nerve endings in the heart without injuring

the heart muscle itself. In order to clear up this point it was de-

cided to try the effect of hypotonic and hypertonic solutions on

curarized skeletal muscle. The problem has been, first, to f^nd out

whether hypertonicity and hypotonicity act in the same way on skele-

tal muscle as on heart muscle, and, secondly, with the aid of curare,

to determine whether these effects were due to action on the muscle

cells or the motor nerve endings.

The gastrocnemius muscles of frogs were used, and the solutions

were applied by perfusion. The frogs were either pithed or curarized.

The gastrocnemius was freed from the bone at its point of attach-

ment The tibia was then fastened in a clamp to support the limb,

while the body of the frog was fastened on a board ventral side up.

The removal of the muscle was done with some care to avoid injuring

or compressing the arteries and veins of the region. The gastrocne-

' Caklson: This journal, 1906, xv, pp. 357-370.
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mius was then attached by its lower end to a muscle lever in the

usual way.

For perfusion, a small three-way cannula was introduced into the

right systemic arch of the aorta. The arch of the aorta was used in

preference to the dorsal aorta merely for the sake of convenience.

The left aortic arch was ligatured. The cannula was connected by

rubber tubes with funnels containing the desired solutions. By means

of clamps on these tubes the different solutions could be thrown in at

will. Perfusion was often aided by compressing the tubes at inter-

vals. The level of the liquid was maintained at a height of about

40 cm. Enough blood vessels are ruptured in the preparation of the

frog to prevent any great oedema, and it was not found necessary to

sever the vena cava for this purpose.

The time of perfusion usually varied from twenty minutes to an

hour or even more. By perfusion time here, we mean the time

elapsing before the effect of the solutions becomes noticeable. The

rapidity and degree of perfusion may be told by the change of color

in the muscle due to the washing out of the blood.

Two kinds of hypertonic solutions were used in these experiments.

The first was a double-strength Ringer's solution, and the second a

normal Ringer's solution to which f cane sugar had been added.

The results were identical for the two solutions, the only difference

in action being that the sugar solution .seems a little more rapid m
action.

Hypotonicity was obtained by dilution of Ringer's solution with

distilled water.

The muscle was in all cases directly stimulated by a single shock

from the secondary coil of an induction machine. Uniformity of time

was secured by use of a metronome to break the primary circuit.

Stimuli of sub-maximal strength were always used. This was neces-

sary in order to have the muscle show an immediate increase or

decrease in its curve should the excitability or contractility be affected.

The height of the contraction was taken as the measure of the effect

of the solutions. The stimuli were thrown in at the rate of about

32 per minute.

In all the experiments the mode of procedure was to perfuse for

some time with a Ringer's solution and then record the height of

contraction for a given sub-maximal stimulus. The strength of the

stimulus was then kept unchanged through the remainder of the ex-

periment. The height of the curve under these conditions was taken
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as the standard for comparing those obtained with hypertonicity and

hypotonicity.

The Influence of Hypertonicity.

Hypertonicity depresses contractility and excitability ^ without pri-

„.ary stim«iation.-In all cases the amplitude of the muscular con-

traction is diminished by perfusing with a hypertonic solution. For

\ \ ^'
'^ ^'

F.CURE 1 -One-third the original size. Tracing from cur.-,rized gastrocnemius sho^--

"^^

ng epreS: effect of hypertonicity. Perfusion with Ringer's so ut,^ Double

stfen.th solution admitted at x, x\ and xK Isotonic solution adm.tted at .r and ^.

\Vide° intervals show that drum was stopped for one mmute.

a Short time after the hypertonic solution is admitted the amplitude

of contraction remains unchanged, but soon after the solution begms

to wash out the Ringer's of normal strength the height of contraction

begins gradually to decrease.

The time required for the solution to take effect depends on the

rapidity of perfusion and the condition of the muscle. In muscle that

has been well washed out with Ringer's solution and where perfusion

is rapid, the curve begins to fall in a few seconds after the hypertonic

solution is thrown in. Fig. i shows a period of about two minutes

before the effect is noticeable, but often the decrease begins in less

^"^f'the perfusion is continued, the excitability and contractility of

the muscle is lowered until no contraction whatever is obtained tor

the -iven stimulus. This ordinarily takes place in from five to ten

minutes, and the depression is maintained until the hypertonic solution

is removed. . , .,- j „„„
There is some evidence that the decrease in excitability and con-

tractility is directly proportional to the concentration of the solution,

as noted by Carlson for the heart. No attempt was made to prove

this point definitely. The fact, however, that the eflect of the hyper-

tonicity always shows itself in a gradually descending curve would

indicate that the muscle decreased in excitability and contractility as

1 The cl,anges in the response of the muscle to direct stimulation are referred

to as changes in excitability and contractility, as it is not plain which of these two

factors is involved.
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1

the plasma in the intercellular spaces or the substance of the muscle

cells becomes more hypertonic.

Recovery of the muscle after replacing the hypertonic solution

with isotonic Ringer's is always gradual, and usually much slower

than the depression. This is invariably true if the muscle has been

brought to the point where the contraction has been entirely abol-

ished'. In case the contraction has been only slightly diminished

recovery takes place quickly. The height of the curve after recovery

is seldom as great as at the beginning. If perfusion is long main-

mmi^M.

Figure 2. -One-half the original size. Tracing from curarized muscle to show stimu-

lating action of hypotonicity and depression by hypertonicity. Perfusion with Ringer s

solution. First contractions while muscle was perfused with isotonic solution. Hypo-

tonic solution admitted at x and hypertonic at x'.

tained, there seems to be some kind of a permanent injury to the

muscle. After recovery a second perfusion causes a second depres-

sion, and this may be repeated several times.

Hypertonic solutions sometimes cause contracture of the muscle,

although this does not seem to be a necessary accompaniment of the

depressor effects. It is possibly due to the salt solution employed,

and thus has little bearing on the hypertonicity.

Figs. I, 2, and 3 illustrate these several facts. In Fig. i we have

at the beginning contractions of a fairly regular height with perfusion

by an isotonic solution. Ringer's solution of double strength was

thrown in at .v. For a space of two minutes the curve maintains its

height, but then it begins to fall, until it is restored by putting in an

isot°onic solution at x. This is repeated three times. A contracture

is also noticeable. In Fig. 3 the hypertonic cane sugar solution ad-

mitted at .t- quickly reduced the height of contraction to zero with a

decided contracture. Isotonic Ringer's solution (Fig. 3 B) brought

back the excitability and contractility, but the curve did not again

reach its original height.

Fig. I is from a tracing made with a curarized muscle. The results

after^he use of curare are apparently identical with those obtained

on non-curarized muscle. Many experiments were made on this point

and no exceptions were noticed. This result is of importance in
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locating the point of action of the hypertonic solution. The action is

undoubtedly on the muscle cells themselves.

The Influence of Hypotonicity.

Hypotonicity increases the excitability and contractility of skeletal

.uslle Without any primary depression. _ In all cases the effec f

hypotonicity is directly the opposite of hyperton.c.ty
;
that .s, it n.-

Hypotonic solution was then admitted with the stimulation resultmg shown >n C.

creases the height of the muscular contraction. The e-e with v,^ich

a hypotonic solution brings a muscle back to .ts former condition after

hypertonicity was soon observed. This, however was "°t t^^^^"
f
J

a final test of the stimulating action of hypotonicity. As before the

muscle was washed out with Ringer's of normal strength and then

the hypotonic solution admitted. The amplitude of contraction under

these conditions soon begins to increase. This continues until a

maximum is reached, which is maintained until fatigue comes on

The increase in excitability and contractility develops gradually

but slowly when compared to the decrease under hypertonicity In a

well-perfused muscle it frequently takes one to five minutes to become

noticeable, and the maximum may appear much later than this.

Hypotonic solutions of whatever degree of strength act as stimu-

lants. The augmentation seems to be directly proportiona to the

dilution. The tracing reproduced in Fig. 2 illustrates this fact

After contraction had been abolished by the hypertonic solution, it

was brought back to an average height of about 12 mm. by a solution

of normal strength, while a hypotonic solution of one-half streng h

increased this height to about 25 mm. This is an increase roughly
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proportional to the dilution, for the normal solution may be considered

as hypotonic in comparison with the hypertonic which preceded it.

The length of time that a muscle will maintain an increased

amplitude after perfusion with a hypotonic solution was not deter-

mined. In one case it remained for about five minutes. It is

undoubtedly more or less temporary.

Figs. 2, 3, and 4 illustrate the above points for hypotonicity. In

Fi'^ \ it will be noted that after a partial recovery from hypertonicity

by the use of Ringer's solution of
\\\m\\\m\\\\\\\\\\\\\\\M

normal strength, hypotonicity raises iMmmMM^^^^^^M
the curve above the height at

^

the ^^j^^^^^M.
beginning of the experiment. Fig. 4 a B

shows an increase in amplitude Figurk 4. — One-half the original size.

. , , ^j;„„ .lo„r«ccinM Tracing from curarized muscle to show-
without a Dreceding depression °wiuiuuL ^jiv^v, s V

theeffect of hypotonicity. A shows

from hypertonicity. height of contraction during perfusion

Fin's. 2 and 4 reproduce tracings with isotonic Ringer's solution. B

from" curarized muscles. As in shows curve after perfusing with

, , .... 1,,, hypotonic solution.

the case of hypertonicity, paralyz- -'

ing the nerve endings has no effect on the action of the solution.

The resLilt here confirms the statement already made, that the action

is directly on the muscle cells.

It is not the purpose of this paper to enter at length upon theo-

retical considerations concerning the phenomena described. \\ e are

certain from the e.xperiments with curare that the muscle cells are

directly affected, but the mechanism by which this is brought about

is not at all clear. Carlson has pointed out that the etTect of the

solutions is probably not due to increase or decrease of pressure on

the cell membranes with consequent loss or imbibition of water.

As suggested by him, it may be due to changes brought about by

alteration in the permeability of the cell walls. Muscle undoubtedly

works best in the long run under normal osmotic conditions. For a

time it is evident it might accomplish more under the stimulation of

hypotonicity, but this doubtless would be only temporary, and possibly

would be followed by absolute injury.

SUMM.ARY.

I. Hypertonicity depresses contractility and excitability without

primary stimulation. In all cases perfusion with double strength

Ringer's solution or Ringer's solution -I- isotonic cane sugar dimin-

ishes the amplitude of the muscular contraction.
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2 nypotonicity increases the excitability and contractility without

primary leprcssion. In all cases the effect of hypoton.c.ty :s the

oppTsitVof'hypertonicity; that is, the height of the nn.scular con-

traction is increased. ,

3 Curarized skeletal muscle gives the same reaction to hypo-

tonicity and hypertonicity as uncurarized. The po.nt of action ,s

therefore on the muscle cells.



THE EFFECT OF SUBCUTANEOUS AND INTRAVENOUS
INJECTIONS OF SOME SALINE PURGATIVES UPON
INTESTINAL PERISTALSIS AND PURGATION.

A

By JOHN AUER.

{From the Rockc/elUr Institute for Medical Research, New York.']

DETAILED consideration of the extensive literature on this

subject is not necessary, as Hay's monograph' gives a critical

summary of the work accomplished up to 1884, and Eckardt's disser-

tation ^ brings this matter almost up to date. The most important

references, however, will be found in the discussion of the experi-

mental results obtained in this investigation.

The Effect of Subcutaneous Injections upon Purgation.

Rabbits, ranging in weight between 1500 and 2500 grams, were

used. The injections were invariably made into the subcutaneous

tissue of the lumbar region, and the site moderately massaged after-

wards. The animals were then placed in separate cages, and the

fzeces collected at certain intervals (see below for details). They

were fed on cabbage, turnip, carrots^ and oats; no water was given.

In order to gain some idea concerning the amount and character

of the fcEces passed by rabbits when kept confined in separate cages,

five rabbits were observed for a number of weeks. It was found

that the twenty-four hour amount varied between nothing and sixty

grams ; the average for forty-eight determinations was nineteen grams,

but this average means very little when the surprising range above

noted is considered. As a rule, the f.tces were hard, dry, and well

formed ; but occasionally unformed masses were found, together with

normal pellets. More frequently than unformed faeces, soft, discrete,

' Hay: Journal of Anatomy and Physiolog}', l8Si, xvi, p. 593; Ibid., 1SS2,

xvii, p. 435.
'^ Eckakdt: Inaugural Dissertation, Giessen, 1905.
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caked together pellets were seen; these also did not compose he

entire output, but only a small part of it. It may be added here that

the passage of soft masses of pellets has been observed a number of

Fkiuu'arv 15.

Rabbit 1

Rabbit 2

Rabbit 3

Rabbit 4

Control

.

Control

.

One hour after

injection.

Total,

5 hours

Tot.il,

2+ hours.

male

female

male

female

male

female

fseces.

3 gm. ; soft, caked.

1 gm. ; dry.

1 gm.; dry.

1 gm. ; dry.

1-1 gm. ; diT.

3 gm-

1 gm. ; dry.

1 gm. ; dry.

1 gm. ; dry.

14 gm. ; dry.

5 gm.

1 g>".

1 gm.

1 gm.

16 gm.

Rabbits 1 to 4, inclusive, received l.S c.c. 'i' (4 per cent) sodium sulphate solution,

subcut.ineously ; rabbits 5 and 6 were controls.

Ff.hruary 16.

Rabbit 5

Rabbit 6

Rabbit 7

Rabbit S

3 hours after

injection.

male

female

male

female

faeces.

faeces.

fjeces.

fasces.

Total,

6 hours.

4 gm.

Total,

29 hours

Lost.

3 gm.; dry.

7 gm. ; dry.

9 gm. ; dry.

Rabbits 5 to 8, inclusive, received 1.^ c.c. of a 2.=! per cent sodium sulphate solu-

tion, subcutancously.

times during some other investigation, and that they were preceded

and followed by perfectly normal, hard, dry, well-formed scybala.

a Sodium Sulphate (Na..SO, + lo H.,0). -Twenty-four experiments

were made; in eight of them only the twenty-four hour output was

inspected and weighed ; in the other sixteen the amount and char-

acter were determined more frequently. The amount injected, irre-

spective of the size of the amimal, was 15 c.c, and the solutions
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used were 4 per cent ('^') and 25 per cent in strength. In none of the

series was purgation noted ; and by purgation is here understood the

passage of soft and unformed faeces in amounts exceeding that which

normal animals might conceivably pass. Many of the animals showed

a constipation after the injections. The specimen series on the pre-

ceding page will illustrate these statements.

b Sodium Phosphate (Na.^HPOi + 12 HjO). — Only eight experi-

ments were made, the solution used being 'f (4.5 per cent).

February 19.
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rabbit out of eight, and as normal rabbits now and then pass unformed

masses, it seems permissible to assume that the sod.um phosphate

had nothing to do with the purgation.
u c . a »

No 4 shows an exceptional output, especially during the first five

hours ; there was no purgation, however, for the pellets were dry and

well formed.

c Sodium Citrate.— Only four experiments were made.

Fekrvary 20.

Rabbit 1

Rabbit 2

Rabbit 7

Rabbit S

One hour after injection.

9 gm. ; a few soft pellets,

others dry and hard.

7 gm. ; dry.

1..S gm.; a few soft pellets,

rest dry.

Total,

3 hours.

12 gm.

7gm.

10 gm.

Total, 21 hours.

31 gm. ; some pel-

lets soft.

37 gm. ; dry.

31 gm. ; a few soft

pellets.

26 gm. ; dry.

15 c.c. J sodium citrate, subcutaneously.

No purgation occurred ; the few soft pellets which were found in

the output of two rabbits (Nos. i and 7) may be considered normal.

,/ MagneBium Sulphate (MgSO, + 7 H,0).-In a previous commu-

nication 1
it has been pointed out on the basis of a large series of

experiments that the subcutaneous injection of 25 per cent solutions,

in 9 to 15 c.c. doses, produced in no instance purgation. It was

therefore not considered necessary to repeat these experiments.

The Effect of Intr.wenous Injections upon Purgation.

Practically, all the rabbits used in the sodium sulphate and phos-

phate series received the injection into the ear vein. In the magne-

sium sulphate series the solutions were given through the jugular

vein.

a Sodium Sulphate.— See next page.

These experiments show clearly that the intravenous injection ol

sodium sulphate, in the doses and concentrations mentioned, does not

produce purgation; on the contrary, seven out of the eight experi-

ments show a definite constipation lasting at least six hours, which

may legitimately be ascribed to the action of the salt injected.

1 Meltzer and Auer: This journal, 190S. "iv, p. 366.
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March

Rabbit 13

Rabbit 14

Rabbit IS

Rabbit 16

Rabbit 13

Rabbit 14

Ralibit 15

Rabbit 16

2c

2-hour
total.

6gm.; soft,

caked to-

gether.

9gni.; soft,

caked.

Total,

5 hours.

1 soft pel-

let.

23 gm.

8gm.

14.S gm.

During
3d hour.

Sgm.; soft,

caked.

A few dry
pellets.

A few soft

pellets.

Total,

23 hours.

22 gm.

23 gm.

24 gm.

45 gm.

During
4th hour.

A few dry

pellets.

A few dry
pellets.

During
5th hour.

1 soft pellet.

12 gm.; dry.

8 gm. ; dry.

5 gm.; a few

soft pellets.

F^ces passed after the fifth

hour were all dry and well

formed.

(4.5 per cent) sodium phosphate, intravenously.

M.VRCH 8.

Rabbit 9

Rabbit 10

Rabbit 11

Rabbit 12

2 c

1 hour.
Total,

5 hours.

Total,

6 hours.

3 gm. ; dry.

Total,

24 hours.

12 gm. ; dry.

22 gm. ; dry.

22 gm. ; dry.

c.
'," (4.5 per cent) sodium phosphate, intravenously.

c 1 »,,»» Tn a series of experiments already pub-
c Magnesium Sulphate.— In a series oi cah

.u^ f-^f-Ps

Hshedi „,ost of the rabbits showed no sign of purgation, the f^ces

pissed during observation (two to four hours) were dry, and small in

1 Meltzer and Auer: This journal, 1906, xv, p. 387-
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1

amount. A few passed small quantities of caked pellets. The mag-

nesium sulphate was injected into the jugular vein, the concentration

ranging between 1.7 per cent and 25 per cent, the amount between

I and 80 c.c. As this series was quite extensive (49 rabbits) ;
no

further experiments were made with this salt.

The Effect of Subcutaneous and Intravenous Injections

UPON Peristalsis.

The rabbits were narcotized, usually by morphine hydrochlorate

;

I to 2 c.c. of a I per cent solution proved amply sufficient when in-

jected subcutaneously, though in some instances 5 c.c. were used.

In a few experiments the animals were kept lightly under ether, or

magnesium sulphate, 1.5 grams, per kilo body weight, was injected

subcutaneously. After analgesia had set in, the abdomen was opened

in the median line from the ensiform process to the pubis, and the

abdominal flaps held apart by means of hooks. As some of the

experiments were carried out without using a saline bath, the exposed

gut was covered with absorbent cotton cloths saturated with 0.9 per

cent salt solution at 39° to 40 ; loss of heat was prevented largely by

wrapping the animal in cotton and by frequently renewing the warm

cotton covering the intestines. In others the abdomen was opened

under saline solution at 39° to 40°. No glass plate was used to

cover the gut in order to rule out this source of possible stimulation.

As the loops floated more or less on the surface of the saline solution,

the exposed surfaces were moistened frequently. The caecum being

so large in rabbits, a moderate dislocation of this organ was fre-

quently necessary in order to bring the duodenum and transverse

colon into view; the descending colon was seen only exceptionally

:

the ascending colon, and practically the entire caecal loop were always

visible.

During the experiment the gut was handled as little as possible,

for it was found that any manipulation of the intestines usually

induced or increased the movements.

The salts tested were injected subcutaneously, either in the thigh

or pectoral region ; moderate massage was used to aid the absorption

of the injected fluid; the amount injected was usually 15 c.c. of

an '^ solution. When given intravenously, either the lateral ear vein

or the jugular vein were used, the dose ranging between i and 10 c.c.

of an '^' solution ; with magnesium sulphate a 25 per cent solution

was invariably employed.
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Twenty experiments were made in all. As the different salts, with

the e.ception'of magnesium con.pounds, produced .n ^^^ -- ^^PP^

cntly the same effects, one description will suffice. When injected

ubcutaneously there usually occurred within fifteen to forty minutes

"n ease in the movements of the small gut. This did not begu.

:e Jvhe e%t the same time. The duodenal loop usually showed the

ncrlase first, later the jejunum and ileum. The movements were of

he pendular type, and were never as active in the lower small intes-

tines as in the' duodenum. No peristalsis of the c^cum was ever

seen in this series; the ascending and transverse colon occasionally

howed some moderate peristaltic waves; the descending colon was

only seen when distended with gas, and then strong peristaltic waves

swept down this portion of the gut before the injection of the purga-

tive saline, the incorporation of the salt not noticeably increasing he

motion. Associated with the increased pendular movements of he

duodenum, this portion of the canal became fuller and rounder, due

to a liquid material.! As this material gradually traversed the duo

denal circuit and passed into the upper loops of the small intetme.

distending them moderately, the swaying motions o these loops

became more marked. This filling of the duodenal loop was fre-

quently observed; it took place gradually, and was apparently inde-

Indent to some extent of any action exerted by the saline injected^

After one to two hours the liquid usually reached the upper loop of

the jejunum, distending the flattened, tape-like coils of this part of

the -ut, the distension definitely increasing the motions.

As already stated, the chief type of motion noted ,n the small

intestine was the swaying pendular one. Strong constrictions were

seen at times, but these remained local and relaxed swiftly; they

were possibly due to some local irritation. If the gut was practi-

cally empty and collapsed, a condition frequently found in the lower

small intestine, the injected saline usually caused a moderate sqmrni-

ing. vermicular motion of some of these flattened loops, not of all.

This motion became pendular as soon as the loops were distended.

These gut movements, produced by the subcutaneous injection of sa-

lines (sodium sulphate, sodium phosphate, sodium citrate), were by

no means continuous ;
periods of activity alternated with periods of

almost absolute rest. Nor did the entire gut move at the same

time; the duodenum might, for instance, show active pendular

movements while the lower small intestine was quiet, or the jejunum

» MacCallum: This journal, 1904, x, p. 263.
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might exhibit good pendiilar swaying with little or no motion in the

ileum.

The duration of the intestinal motions produced was difficult to

estimate, but it may be stated that their vigor was usually perceptibly

diminished an hour after the onset.

The intravenous injection of 2 to 6 c.c. of the solutions had the

same effect upon intestinal movements as their subcutaneous incor-

poration ; the increase, however, occurred much earlier, usually a few

minutes after the injection, and the duration of these increased

motions was much shorter, about ten to fifteen minutes. During

this time the gut was not continuously active, but periods of good

pendular movements alternated with periods of rest.

Attempts to increase intestinal activity by summation of sahne

action were not successful ; the effect of a subcutaneous injection of

15 c.c. of f sodium sulphate solution was not increased, at least, not

in vigor, by a subsequent injection of 15 c.c. sodium phosphate sub-

cutaneously; the same result was obtained when sodium phosphate

and sulphate were injected intravenously or when intravenous and

subcutaneous injections were combined.

It must be definitely understood that the increased intestinal mo-

tions which have been described in no case even approached the vigor

and effectiveness of the peristalsis induced by intravenous injection

of physostigmin sulphate or barium chloride. The intestinal move-

ments produced by the salines seemed ineffective to cause purgation,

the more so, as the caecum with its stored up masses of soft material

always appeared inert. That this impression proved correct has

already been set forth.

The intravenous injection of magnesium sulphate not only did not

produce any peristalsis, but stopped whatever movements the gut

showed. This effect will be considered more fully at another time.

It seems hardly necessary to state that the intestines were always

observed at least thirty minutes before any of the salts were injected,

and the behavior of the gut during this period of time served as

basis for judging the effect of the injection.

These experiments show clearly that subcutaneous and intravenous

injection of sodium sulphate, sodium phosphate, sodium citrate, and

magnesium sulphate do not produce purgation, at least not with

the doses employed. On the contrary, a definite constipation was

caused in some of the series, especially with sodium sulphate.

The movements of the small intestine, especially the duodenum,
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were definitely increased by the subcutaneous or intravenous injection

of the salts mentioned, magnesium sulphate excepted. The caecum

never exhibited any peristalsis under the conditions described.

That the subcutaneous and intravenous injection of sodium sul-

phate and magnesium sulphate does not purge is stated by most

experimenters. Hay.i in his monograph, modified this by noting

that when the injections were made over the abdomen and caused

irritation moderate purgation resulted. This has. however not been

corroborated by Ellenberger,^ nor by Eckardl.3 Hay used only sodium

and magnesium sulphate, but Eckardt employed sixteen ditferent salts,

among them sodium phosphate, lithium citrate, and the sulphates

mentioned. A recent ob.server,* however, writes that "all those

salts which act as purgatives when introduced into the stomach or

intestine have the same action when injected subcutaneously or

intravenously." MacCallum states that the purgative effect with sub-

cutaneous injection usually occurs after one hour, that the amount

passed in six hours is two to six times the normal quantity, and that

the fffices are sometimes semi-fluid. No experiments are quoted, and

no wei-hts are given. The salts used included those employed in the

experiments described in this paper; the dosage was the same.

MacCallum's results, as far as purgation is concerned, are therefore

in striking disagreement with those reached by Hay, Eckardt. and in

this research. . .

Concerning the effect of subcutaneous and intravenous injections

upon visible peristalsis there can be no doubt, however, that Mac-

Callum is substantially correct in his statement that peristalsis is

increased There is one exception, though, so far. to his general

statement. ;Magnesium sulphate or chloride does not have this

action.

As already described, sodium sulphate, phosphate, and citrate

definitely though moderately increase the movements of portions of

the small gut. chiefly the duodenum ; occasionally the colon shows

fair peristalsis ; the caecum never showed any motility. MacCallum

merely states that the intestines show strikingly increased motion,

» Matthew Hay: Journal of anatomy and physiology, xvi, p. 593 ;
"vii,

''^'•'

Ellenberger : Arcliiv fur wissenschaftliche und praktische Thierheilkunde,

xiii, p.

» P. A. Eckardt: Inaugural Dissertation, Giessen, 1905, p. 74-

«
J. H. MacCallum: This journal. 1903, x, p. 102.

' MacCallum: Loc. cit., pp. 102, 103.
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without mentioning the different reaction of the various parts of the

gut-

There are few references in the literature regarding the effect of

subcutaneous or intravenous injections of salines upon visible peri-

stalsis. I.aborde ' saw increased peristalsis after injecting magnesium

chloride intravenously, without subsequent purgation. Rabuteau^

obtained no increased peristalsis and no purgation after intravenous

incorporation of the same salt.

Summing up, it may therefore be said that the subcutaneous and

intravenous injection of magnesium sulphate and chloride, sodium

sulphate, phosphate, and citrate does not produce purgation in

rabbits. Applied in the same way, these substances, with the ex-

ception of magnesium salts, produce a moderate but definite increase

in the peristalsis of parts of the gut.

Magnesium salts injected subcutaneously or intravenously do not

cause increased intestinal peristalsis in rabbits. The use of salines

subcutaneously or intravenously, in human therapeutics, as suggested

by MacCallum,^ is not warranted by the e.vperimental evidence.

Peristalsis and purgation are not synonymous terms ; increased

peristalsis may occur during constipation (see sodium sulphate

series) ; and Leubuscher,* among others, saw no increased peristalsis

during purgation.

It gives me pleasure to express my sincere thanks to Dr. S. J.

Meltzer for suggesting this piece of work, and for his continued

helpful interest during its progress.

' LAiiOKDE: Gazette hebdoniadaire de m^decine et de chirurgie, 1S79, p. 352.

^ Rabuteau : Gazette medical, 1879, No. 29.

" MacCallum : Loc. cil., p. 109.

* Leubuscher: Virchow's Archiv fiir pathologische Anatomie, 1886, civ,

p. 104.



ON THE INFLUENCE OF NEUTRAL SALTS UPON THE

RATE OF SALIVARY DIGESTION.

BY JANE BOIT PATTEN and PERCY G. STILES.

[Fron. the Phpiolosical Laboratory of O. Massachusetts Institute of Technolo^:^

^T^HE conditions which favor or retard the action of enzymes

1 have been much studied, but much remains to be done before

general statements can be made. The number of enzymes a ready

known and their wide divergences of behav.or compel the mvest.gator

to specialize narrowly, and warn him that his findmgs may not be

applied in other cases than those actually studied A great coUect.on

o^data concerning these matters is to be des.red. The -fl-n" of

reaction upon many enzymes has been observed w.th care but he

effect of neutral salts, particularly in high concentration, has been

very scantily recorded.
c u ^ ,.;„

In this paper the authors present the general results of about s.x

hundred comparative trials in which the influence of some common

neutral salts upon the rate of starch digestion by ptyahn was tested.

The relation of this enzyme to acids and alkalies has been thoroughly

worked out. The principal experiments
^^^^^'f'^'Tff.f'l

have been performed by Grutzner.^ by Kiibel,^ and by Cole.^ In all

cases attention has been directed mainly to the effects produced by

somewhat minute quantities of salts.

It is of great interest to ascertain how far there is any paralle

between the influence of various salts or ions upon the activities of

livin- protoplasm, and that which they e.xert upon the performance

of enzymes. We know that there is such a similarity in the case of

salts like the cyanides, which are extremely toxic, or those which

obviously change the state of aggregation of proteids, like compounds

of mercury and copper. But we f^nd it hard to trace such resem-

1 Grutzner: Archiv fur die gesanimte Physiologic, 1902. xci, p. I9S-

» KObel: Archiv fur die gesammte Physiologic, 1S99, Ixxvi, p. 276.

« Cole : Journal of physiology, 1904, xxx. p. 202.
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blances among the metals of the alkali, and alkaline earth groups.

In other words, we see no reason to believe that an optimum mixture

of salts for the preservation of protoplasm {i. c, a Ringer's mixture),

virill be an optimum solution for enzyme action, though it would not

be strange to find it so.

It has been a common observation that most salts in small quan-

tity accelerate the digestion of starch by ptyalin, but that all salts in

higher concentration retard it more or less. Cole has shown that this

accelerating action is very striking when the starch paste and saliva

used as a control are both dialyzed. The ferment is comparatively

inert until the electrolyte is supplied. When the starch and saliva

are not subjected to dialysis it must be recognized that we do not

begin with a salt-free mixture. Enough electrolytes may be present

in the control to insure a maximal speed of hydrolysis, and when we

add more and more we may see merely a progressive slowing. In

other cases we may still observe an acceleration with the lower con-

centrations. As we did not dialyze our materials we always began

with exceedingly active mixtures, and saw much less than did Cole of

the acceleration phase.

There is one difficulty attending all experiments of this kind which

must be borne in mind. This is the probable alteration of the starch

by the salts, especially when the solution approaches saturation.

Cole has pointed out that the slowing of digestion may not be due

wholly to the restraint of the enzyme, but also to the incipient pre-

cipitation of the starch. This factor becomes important when such

salts as ammonium sulphate and ammonium nitrate are used. These

salts notably increase the opalescence and the settling of starch, and

correspondingly delay its digestion. A general survey of our results

leads to the belief that, if we except these ammonium salts, we need

not assign a large place to this secondary influence. If it were a

prominent one there should be other cases in which the digestive

action is somewhat suddenly checked as the concentration increases.

The fairly even sweep of the descending curve favors rather the idea

that the salt mainly affects the enzyme and not the starch. Another

fact which points in the same direction is the superior retarding

]iower of some monovalent salts {c. g., lithium chloride) as compared

with certain divalent salts (>. <,--., calcium chloride). The effect upon

colloids is supposed to be a function of the valency.^

The extreme sensitiveness of ptyalin to II and Oil ions is in

1 Hakijy and Whetham : cited I y Cole, Ac. r/V.
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marked contrast to its tolerance of many salts. It is accordingly

necessary to have a neutral solution, or at least one of a constant

reaction throughout each series of trials. Our usual procedure has

been to salt the starch, then acidify with one or two drops of

hydrochloric acid, shake with a little powdered calcium carbonate.

and then to add the saliva, thus making the mixture neutral or very

weakly alkaline. Of course the use of many salts, like those of iron

and aluminum, is interdicted, because we cannot obtain neutral

solutions.

The retarding effects which we observe with neutral salts are not

due to the progressive destruction of the enzyme but to its inhibition.

This point was readily determined. For if we keep salted saliva for

twenty-four hours, or more, we find it about as active as saliva which

has but just received the addition of the salt. Moreover, salted saliva

may be made more active by dilution or by dialysis.

In the routine of our experiments we made use of a paste of arrow-

root of one per cent strength. For each trial 20 c.c. of paste was

placed in a beaker. In some cases we dissolved in each beaker a

weighed quantity of salt. In other instances we saturated a large

volume of starch-paste and mixed the saturated paste with unsalted

paste in the proportions required to carry out the series. To each

sample was added 5 c.c. of dilute saliva. It was found desirable

to have the beakers of a uniform size, for the digestion seems to

be hastened when the surface exposed to the air is increased. The

starch and saliva were stirred together for a few seconds, and then

as a rule the beaker was not touched except to dip from it at fre-

quent intervals drops for the iodine test. At one period in our

work we changed our practice and placed our beakers in a cradle

shaken by clock-work. This seemed to make no difference in the

relative results, and we abandoned the plan. The end-point was re-

corded, as in Cole's work, when the color of our iodine solution was

no longer deepened by the addition of the digesting mixture.

The original records were of the times elapsing between the pour-

ing in of the saliva and the disappearance of the erythrodextrin color.

For convenience in tabulating we reduced these to the form of rate-

values. In each series we have represented the speed of the control

(/. c, the reciprocal of the time) by 100, and calculated the relative

speeds of the salted mixtures as compared with this standard. In

the table below we present the general facts in regard to the influence

of several salts upon the rate of salivary digestion. The salts which
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retard less are placed above those which have a more marked ham-

pering effect. But the order cannot be quite fixed, for it is not the

same at different concentrations.

In addition to the trials summarized in the table, we made some-

what less accurate experiments with several other salts. Among
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saturated solutions, notably those of magnesium sulphate and ammo-

nium chloride. Grutzner stated that magnesium sulphate and sodium

sulphate are specific poisons for ptyalin, but Cole failed to confirm

this and we saw no sign of such an action.

-. The most striking instances of accelerating effects were obtained

with salts of magnesium, calcium, and barium -belonging to a natu-

ral chemical group. But with increasing concentration these salts

diverge in their bebavior, and calcium chloride at last restrains the

enzyme which never becomes true of magnesium sulphate.

3 When we compare the retarding influence of salts of ammonium,

potassium, and sodium, we find the ammonium compound much less

active in checking the digestion than either of the other two. There

seems to be no marked difference between the sodium and the

potassium salts. Sodium chloride retards somewhat more than does

potassium chloride, and this order holds for the sulphates, but seems

to be reversed for the benzoates.

4. Comparing the halogen compounds of potassium we find for the

stron-er solutions the same order which Grutzner and Kubel estab-

lished for the lower concentrations, namely, that the chloride retards

less than the bromide which in turn retards less than the iodide.

Here we should refer to Griitzner's observation, that the fluoride dis-

tinctly accelerates the amylolytic action at every stage up to satura-

tion (which with sodium chloride is reached at a concentration of i).

The favorable influence of the fluoride is unexpected, since it is gener-

ally considered the most poisonous of the halogens toward protoplasm.

5. Another anomaly appears in the almost complete inhibition of

the enzyme by lithium chloride in moderate amounts. This salt is

probably the most harmless of all foreign compounds toward certain

living tissues, but it checks starch digestion almost as quickly as

copper sulphate.
.

We made a considerable number of parallel experiments in which

the commercial Taka-diastase was employed instead of saliva. Taka-

diastase is prepared from the mould, Aspergillus oryz^e. It is a

powerful agent, and in most cases we found it even more resistant

than ptyalin toward neutral salts, but we cannot say whether this

resistance is a property of the ferment or whether it is due to pro-

tective materials accompanying it. Organic matter of many kinds

lessens the sensitiveness of ptyalin to acid,' and may well increase its

tolerance for neutral salts.

I Cole : Loc. cit., p. 206.
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1

The authors conclude this research with an increased sense of the

individuality of ions, and of the difficulty of explaining their proper-

ties by mathematical functions. In our experiments we have used

but one salt at a time. It is suggested that a study of variously

proportioned mixtures of two or more salts as affecting the rate of

enzyme action should be very fruitful of information regarding "toxic

and antitoxic " characters.



THE COMPOSITION OF BONE IN OSTEOMALACIA.^

By FRANCIS H. McCRUDDEN.

IFrom tlu Laboratory of Biological Chemistry of the Harz^ard Medical School.]

THE pathological changes which occur in osteomalacia are still

the subject of dispute. Most pathologists, including Virchow,

have considered the bone changes in this disease to be essentially

halisteresis.-that is, solution of the inorganic constituents of bone,

-resembling the chemical processes which occur when bone is

placed in acid. On the other hand, Cohnheim has declared that the

process consists of, first, the taking up of bony tissue, including organic

and inorganic constituents alike, by osteoclasts, and then the laying

down of new osteoid tissue. According to Cohnheim, the bones are,

until well past adolescence, the seat of an uninterrupted and coinci-

dent apposition and absorption of material, and in the case of osteo-

malacia, as well as in rickets, the osteogenic substance laid down is

free from lime.^' Von Recklinghausen's discovery of osteoblasts in

the osteoid tissue of osteomalacia « is in accord with Cohnheim s

theory and lends considerable weight to it.

The author, in considering the results of his investigations of the

metabolism in osteomalacia,* decided that in this disease there is

absorption of the bony tissue, and apposition of new tissue which,

unlike normal bone, is poor in lime and especially rich in magnesium,

and also in an organic substance containing much sulphur and little

phosphorus, -a substance somewhat similar in its chemical composi-

. The expenses for tl,e analyses were contributed in part by the Procter Fund

for the Study of Chronic Diseases.
Mrk'ee

a O. CoH.N.iKiM : Lectures on General Palhology, translated by h- 15. McKee,

'**.%,;uokot: Osteomalacie.in Nothnagel's Specielle Pathologie und Therapie,

"\''goldth«?a,t, Painter, and Osgood and McCkudden: This journal, 1905,

xiv, p. 389.
32
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tion to the normal organic matrix of bone. This theoretical conclusion,

which does not essentially depart from Cohnheim's view, it was the

object of the following investigation to test.

Pieces of two horse ribs which had been affected by the character-

istic changes of osteomalacia were analyzed, the analysis including

determinations of the sulphur and phosphorus content which seemed
to be absent in other similar investigations, and for comparison pieces

of two normal horse ribs were similarly analyzed.

The percentage compositions were as follows:
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calcium and phosphorus, and the other an pi

and of material, probably -S-^'
^.^f,

"^ ^o Dr W. F. Whitney,

The author wishes to express his hanks
^° ^[, J; ^ ^j,^ dis-

Cator of the^^^^^^^Z^, l^amined the

-i:::^^^ aV; pronounced it to be osteomalacia.



THE RATE OF DIFFUSION OF THE INORGANIC SALTS
OF THE BLOOD INTO SOLUTIONS OF NON-ELEC-
TROLYTES AND ITS BEARING ON THE THEORIES
OF THE IMMEDIATE STIMULUS TO THE HEART
RHYTHM.

By WILLEY DENIS.

[From the Hull Physiological Laboratory of the Unrversity of Chicago^

TT has been shown by Carlson ^ that the heart ganglion of Limu-
A lus, when isolated from the heart muscle at the posterior end of

the heart, though still in connection with the muscle at the anterior

end, will continue in activity in an isotonic (gram-molecular) solution

of cane sugar from sixty to ninety minutes, while in a bath of gram-
molecular glycerine solution the ganglionic rhythm ceases in from five

to ten minutes, and with a gram-molecular urea solution in from two

to three minutes. The above results are taken from values obtained

with ganglia in good condition. When the initial condition of the

ganglia is poor, viz., the rhythm slow and irregular, a standstill is

obtained in a much shorter time. Carlson has pointed out that the

above results tend to support the view that the blood salts form only

the condition, not the cause, of heart activity, and that " the imme-
diate stimulus to the rhythm is some substance or process within the

cells themselves." The theory is, therefore, put forward that the non-

electrolytes (cane sugar, glycerine, urea) by diffusion into the tissue

may alter the permeability of the cell wall, and by diffusion into the

cells themselves alter the equilibrium relations of the cell contents.

Further, the diminished concentration of the electrolytes in the inter-

cellular spaces probably causes a diffusion of the electrolytes out from
the cells, thus causing a further departure from the normal condition of

the automatic tissue. The above interpretation emphasizes the im-

portance of the direct action of the non-electrolytes on the automatic
tissues in bringing about the cessation of rhythm. The view that

' Carlson: This journal, 1906, xvi, p. 221.
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cator. When the experiment was complete, a glass plate fastened to

a rod was slipped over the mouth of the inner cylinder, the whole

removed from the outer cylinder, carefully rinsed with distilled water,

and the contents of the inner cylinder made up to a volume of

TABLE I.

a.
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it imoossible on this line of inquiry to determine whether the stand-

V7oi^Ty.L in isotonic solutions of these non-electrolytes >s due

he dilution of the inorganic salts in the plasma surround.ng the

eel s or to a direct action of the non-electrolytes on the automat.c

TABLE in.

Diffusing into 0.95 per cent NaCl. Diffusing into 0.5 per cent mannite.

Substance diffusing. Permeability.

Cane sugar

Glycerine .

Urea . .

1.00

1.20

1.4S

Substance diffusing.

KCl. .

NaCl .

CaCl .

KjSO, .

MgSOi

Na.,S04

Permeability.

1.92

1.75

1.34

1.44

1.93

1.31

J

tissue, the latter view being the one especially emphasized by Carlson^

That he dilution of the electrolytes in the plasma surround.ng the

Automatic cells is not the only factor in causmg the cessat.on o^ t e

heart rhythm in solutions of non-electrolytes appears to be clearly

hown by Carlson in the fact that the heart ganglia in .-d condmon

continue in activity in the sugar solution for a much longer tm.e than

the ganglia in pooJ condition. This difference m the reaction of the

heart m^st.in'part at least, be referred to differences - Pe--b,l y

of the automatic cells to the non-electrolytes as well as to the sub

stances within the cells themselves. It is obvious, however, that his

does not amount to a demonstration, as the heart in poor condition

may have a relatively lower excitability and may in consequence be

brought to a standstill in a less dilution of the blood salts than heart

in good condition, assuming that these blood salts constitute the

immediate stimulus to the rhythm.

iTconclusion. attention is called to the fact that in my own resu,

as well as in those of Hedin. there is a noticeably more '-^H ^ate of

d ffusion of the primarily stimulating salts, soduim chloride and

potassium chloride, as compared to the rate of diffusion of the
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depressor salts, viz., the chlorides of calcium and magnesium.^ which

would suggest that the stoppage of the Limulus heart ganglia in

isotonic solutions of non-electrolytes may in part be due to the rela-

tively greater concentration of the salts of calcium and magnesium in

the cells and intercellular spaces.

1 Caklson: This journal, 190C, xvi, p. 37S.



ADRENALIN GLYCOSURIA, AND THE INFLUENCE OF

ADRENALIN UPON NITROGENOUS METABOLISM.

Bv FRANK P. UNDERHILL and OLIVER E. CLOSSON.

IFrom the SheffiM Laboratory of Physiological Chemistry, Yale C/mversiiy.]

OF the more recent investigations dealing with the nature of

adrenalin glycosuria may be cited the work of Noel Paton.i who

has concluded that the character of the nitrogenous metabolism in

this experimental condition is closely allied to that occurring in

ordinary diabetes.
.

V Noorden^ has demonstrated that in diabetes in man there may

be a significant rise in the ammonia of the urine due to the production

of acidosis resulting from the increased formation of various acids

Paton has carried out experiments with the rabbit and dog in which

the relation of urea nitrogen and ammonia nitrogen to the total

nitro-en has received especial attention. He found that after the

subcutaneous introduction of adrenalin there is a markedly increased

production of ammonia at the expense of urea, that the sugar is not

entirely derived from the breaking down of proteids; that on an in-

sufficient diet the decomposition of proteid is markedly increased, and

concludes that " the proteid metabolism under adrenalin thus behaves

as it does in ordinary diabetes."

I The Influence of Subcutaneous Injections of Adrenalin

Chloride upon Nitrogenous Metabolism in the Dog.

In an earlier paper => from this laboratory it was pointed out that

the mechanism of adrenalin glycosuria is somewhat different from

that produced by a diversity of other drugs. In the present investi-

gation the influence of adrenalin upon the distribution of various

urinary forms of nitrogen has been repeated with the dog.

1 Paton : Journal of physiology, 1903, xix, p. 2S6.

2 v. NOORBEN : Pathologie des Stoffwechsels, Berlin, 1893.

» UNDERHILL : Journal of biological chemistry, 1905, i, p. 113-

43
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Full-grown bitches kept in the usual metabolism cages were fed

upon a fixed diet of lean meat, cracker meal, and lard. The animals

were catheterized daily, precautions being taken against the possibility

of bladder infection.' Decomposition of the urine voided during the

day was prevented by the use of toluol. Sugar estimations were made

according to the Allihn method. Total nitrogen of the urine and

fajces was determined by the Kjehldahl-Gunning method; urea, am-

monia, and creatinin nitrogen by the corresponding methods of Folin.''^

Whenever sugar was present in the urine Morner's ^ modification of

Folin's method was employed for the estimation of urea. The

adrenalin preparation used for the injections was the colorless "adren-

alin chloride, i to looo" supplied by Parke, Davis & Co.

Experiment 1.— On the 20th of February, 1906, a bitch of 14.8 kilos was

placed on a diet containing 7.64 gm. of nitrogen and consisting of 140

gm. of lean meat, 160 gm. of cracker meal, and 26 gm. of lard. The food

was given in two equal portions morning and night. On February 25th

the nitrogen content of the diet was changed to 7.68 gm. In the morning

of the same day the animal received a subcutaneous injection of 10 c.c. of

adrenalin chloride which appeared to have little effect upon the general

behavior of the dog. The urine of the injection day contained 5.6 gm.

of dextrose, with a faint trace of coagulable proteid. Legal's test for

acetone and Gerhardt's test for diacetic acid proved negative. The fol-

lowing morning (February 26th) a second subcutaneous injection of 10 c.c.

of adrenalin chloride was given, with the subsequent appearance in the

urine of 6.9 gm. of dextrose and a trace of coagulable proteid. The pres-

ence of acetone or diacetic acid could not be detected. Polarimetric

determination indicated 7 gm. of dextrose. After fermentation of the

urine with yeast no reducing substances could be found. On the two

following days of the experiment the urine was dextrose-free, but con-

tained small quantities of coagulable proteid. The animal appeared to

be in good condition, and throughout the experiment devoured her food

with no apparent loss of appetite.

In the appended table is given the distribution of the various forms of

nitrogen determined.

From the results given in Table I it is evident that the repeated

subcutaneous injection of adrenalin chloride was not attended by any

significant disturbance in the proportion of the urinary constituents

determined.

' Cf. Underhill and Closson : Ibiti., 1906, ii, p. 51.

'^ FOLIN : This journal, 1905, xiii, p. 45.

» MOrner ; Skandinavisches Archiv fiir Physiologie, 1903, xiv, p. 297.
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Experiment 2.- A bitch of 144 kilos was placed on a diet composed of 140

^
^g„. of lean n.eat, ,60 gn. of cracker n.eal, and .6 go,, o^ '-^ -d c n

Ling 7.75 gm. of nitrogen, on the 27th of March, :9o6. On March

,
',t the anLll received a subcutaneous injection of 10 c.c. of adrena >n

chloride. During the day a portion of the food was vomited and the

'

urine became slightly contaminated. The trace of vomit was removed m

great measure by filtration through absorbent cotton. A small quantity

of coaguiable proteid was present in the filtered urine and 10.15 g™- o

dextrose. The next injection of adrenalin was given on April 6th, on

which day only half the daily portion of food was given, that of the morn-

Zlll The injection was made several hours later, and -vomiting

occurred. The urine contained a trace of coaguiable proteid and 4.76

gm. of dextrose. A third administration of 20 c.c. of adrenalin chlonde

(divided into two injections of :o c.c. each given in the morning and

afternoon) was made on the loth of April, and only the ™°;-"g P°;''°;

of food given. The urine of this day was free froni coaguiable pro e.d

but contained 14.8 gm. of dextrose. The following day the bitch refused

Set and lay quietly in the bottom of the cage. The urine con amed

nei her proteid nor sugar. After the . ith of April the eritire diet for the

day was greedily devoured. Urine collected subsequently to the end of

the experiment (April i6th) was free from both sugar and proteid

The composition of the urine covering the period from March 27th to

April 1 7th is given in Table II.

Leavin- out. of consideration the first adrenalin injection period in

which the urine was slightly contaminated with vomit, it is obvious

that in Experiment II no marked change occurs in the percentage

composition of the urinary constituents determined when large and

repeated injections of adrenalin are administered subcutaneously to

the do- In the second and third injection periods the influence ot

the ins'ufficient diet is readily seen from the balance table for the cor-

responding periods. This table shows that when the animal vvas on

an inadequate diet adrenalin induced an increased proteid metabolism.

This inference seems justified in view of the fact that the nitrogen

output, especially on the second day of the third injection period, is

higher than one would expect in conditions of simple starvation.

Control experiments have been carried out under conditions simi ar

to those in Experiment II, but without the administration of adrenalin

to ascertain the influence of insufficient diet for a limited period (one

to two days) on the relation of various forms of nitrogen found in the

urine Since no disturbance in the percentage composition of the

urine was observed, it may be fairiy concluded that the failure of
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adrenalin to produce changes in the percentages of the ammonia and

urea nitrogen cannot be ascribed to the conditions of expenmentation

A further evidence in favor of this conclusion is that the ,nsuffic,ent

diet of itself would have a tendency to cause an increase in the pro-

portion of ammonia nitrogen and a decrease in the percentage of urea

as Folin' has demonstrated in man, and which has been similarly

observed in this laboratory for the dog."^

The apparent discrepancies between the results of Paton and those

of the present investigators led the writers to subject Paton s paper to

a critical examination. On page 297, Experiment XIII, the following

data are recorded

:

Nitrogen contained.

Per cent. Total.
Diet.

Oatmeal . . isogm. 2.15 3-2

Milk . .

Water . . . 600 c.c.

2

500 c.c. 0.366 1-83

4-05

Obviously there is a miscalculation; the total nitrogen of the diet

amounting to 5.05, not 4.0S as recorded. That this is not merely a

typographical error may be ascertained from the nitrogen balance

given on page 298 of Paton's paper, where the figures 4.05 instead of

c 05 have been used throughout. In the calculations given adrenalin

appears to cause an excretion of nitrogen exceeding the intake, but

by eliminating the error no such excess of output of nitrogen over in-

take is to be observed. This error does not, however, invalidate

Paton's conclusion that adrenalin caused an increased excretion of

nitro-en. for from the data given and with the error eliminated there

still remains a smaller excess of the nitrogen taken in over that

eliminated during the adrenalin period than in the fore or after

''^From the same experiment. Table VI, page 298, we reproduce the

following:

-Nitrogen of Urine.-

l^tal UreaN Percent .
NH,N Percent

Day-
in grams. in grams. of urea N. m grams. of NH3.N.

•216 5-4

.216 5-4
2-15

2.1!;

1 Folin: This journal, 1903, xiii, p. ii7-

" Unpublished experiinents.
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Tt is readily seen that the per cent of ammonia nitrogen should be

10, and not 5.4.

Again, in Table V, page 296, the following occurs:

-Nitrogen of Urine.-

. _ 'loial Urea N Percent NH,N Percent
J' in grams. in gianis. of urea N. in grams. of NHjN.

3 2.10 1.94 88 .120 5.7

4 IT>'^ 1-98 85 .145 6.2

9 Z-^l 2-99 78 466 14.7

The percentages given for urea and ammonia nitrogen on the fourth

day are obviously wrong, for the urea nitrogen should be 59 per cent

and the ammonia nitrogen 4.3 per cent. On the ninth day the per-

centage of ammonia nitrogen is I2.t instead of 14.7 as given.

Without attempting to account for these errors which have led us

to subject all of the experimental data to a critical review, »re cannot

avoid calling attention to some other aspects of Paten's work which

seem to demand criticism. Thus in Experiment XI, page 294, he

writes: " The weather was warm at the time, and on the fifth, sixth,

seventh, and eighth days the urine was distinctly alkaline and appeared

t(j have undergone ammoniacal decomposition." However, these urines

were not included in the table. " Since special precaution was not

taken to jirevent ammoniacal decomposition, it was considered advis-

able to make another series of observations in which the urine was

caught in a solution of h)'drochloric acid." Experiment XII then

follows, in which the three errors noted above occur and to which

alone his conclusions can apply, for in Experiment XIII adrenalin

failed to produce any greater disturbance in the relation of urea

nitrogen and ammonia nitrogen to total nitrogen than occurred on

an)- two consecutive days of the fore period according to the figures

given.

Paton ex|ilains the large excretion of ammonia in his experiments

by assuming that the sugar formed sets up a condition similar to

acidosis. He bases this assumption ujion experiments ^ in his labora-

tory in which it was shown that the subcutaneous injection of large

quantities of dextrose into the dog produces an increased excretion of

ammonia as a result of the formation of various toxic substances. In

recently published experiments'- we have, however, failed to obtain

such results after the subcutaneous injection of dextrose into dogs.

' btorr: Journal of physiology, 1902, xxviii, p. 107.

'^ Underhili, and Closso.v : Loc. cit.
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Furthermore from a recent investigation on the distribution of the

glycosuria with ordinary diabetes .s certa.nly -7-^;;^^' ^J^^ ^^^

Tauer case a typical faUing off in urea n.trogen clan.ed by Paton

the experimental diabetes is rarely realized.

II. THE Ab.lh-v ok the Okoanism to Utilize Dextrose m

Adrenalin Glycosuria.

The glycosuria following adrenalin administration is attributed by

Paton to a failure on the part of the tissues to utilize dextrose. I

hi >T0hesis is correct after the injection of ^-ge quai.t.ties o

dextrose into a dog with adrenalin glycosuria, one would expect the

adn n stration to be followed by the reappearance m the urine of a

tr at plrt on of the introduced sugar. Moreover, if the condition

n Id by the subcutaneous injection of a^-alin is at a a„a,„gous

to ordinary diabetes, the dextrose given should not be utilized.

The following experiment bears upon this point

:

ExUriment S.- A bitch of 8 kilos on a fixed diet received 20 c.c. of adren-

^
"^airlforide subciuaneously, resulting in the excretion of .1.5 g-

dextrose in the urine. Two days later the same quantity of adrena n
aextrose '" '

, , „
f _^ ^o per cent dextrose solu-

chloride was administered and 187 cc. 01 a 30 i

tion (7 gm. per kilo) were introduced subcutaneously. Ihe total elim.

r^ation of dextrose in the urine was : 7-6 g-- A second experm.ent .^

Lira out with another animal under similar conditions resuhmg in the

appearance of only the merest trace of dextrose in the urine.

Previous experiments^ in this laboratory have shown that o,.ly

a very small Quantity of dextrose appears in the --^-" jj^^"

s much as 7 g-- 1-^ ^^^ are administered -bcutaneous^Y o

the dog. Since in the above experiment adrenalin alone sufficed

1 Satta: Ueitrage zur cbemischen Physiologie, 1905, vi, p. 373-

2 V. NooRDEN : Loc. cit.

« UxDERHiLi. and Closso.n- : Loc. cit.
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1

to call forth an excretion of 11.5 gm. of dextrose and adrenalin and

56 gm. of dextrose together caused the elimination of only 17.6 gm.
of dextrose, it may be concluded that the interference of adrenalin

with the normal retention of dextrose is minimal at most. Nor in

view of these results can the experimental conditions induced by
adrenalin be compared to the condition that obtains in ordinary

diabetes where excess of carbohydrate is speedily eliminated.

III. The Nature of Adren.^li.v Glvcosuri.-\.

Since Blum's ' discovery of adrenalin glycosuria various attempts

have been made to explain the mechanism involved. Thus the drug
has been improperly placed- in the category with such glycosuria-

producing substances as carbon monoxide, morphine, strychnine, etc.,

which have been shown to produce the appearance of sugar in the

urine by an action upon respiratory factors.^ Again it has been
claimed that in this experimental condition the pancreas is more
or less involved.''

From the mass of experimental data to be found in the literature

certain well-defined observations have been repeatedly confirmed.

That the reducing body present in the urine after the parenteral ad-

ministration of adrenalin is dextrose is well established, and that a

true hyperglycaemia occurs has been shown by Metzger,^ Zuelzer,^

Vosburgh and Richards,' Paton,' and Underbill.'' According to several

investigators (Blum, Herter, Baton), the intensity of the glycosuria

caused by adrenalin is in a measure at least dependent upon the

quantity of carbohydrates in the body, although Blum claims that

glycosuria may be induced in dogs and rabbits after a fast so pro-

longed that all the glycogen has disappeared from the liver. PflUger,^'^

' Blum: Deutsches Archiv fiir klinische Medicin, 1901, lx.\i, p. 146.
^ H.\MMARSTE.N : Text-book of physiological chemistry, 1904, p. 256.
» Cf. U.VDERHILL: Loc. cit

.

^ Hkrtf.k: Medical News, 1902, xxx, p. S65 ; Herter and Wakeman :

ViRCHOw's Archiv fiir pathologische Anatomic, 1902, clxix, p. 479; Ibid., Ameri-
can journal of the medical sciences, 1903, cxxv, p. 46.

^ Metzger: Aliinchner medicinische Wochenschrift, 1902, p. 47S.
' Zuelzer: Berliner klinische Wochenschrift, 1901, p. 1209.

VosBURGH and Richards : This journal, 1903, ix, p. 35.
' Paton: Loc. cit.

' Underuill: Loc. cit.

'" PFLiiGEK : Archiv fiir die gesammte Physiologic, 1902, xci, p. 119.
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ho»eve„ has shown .he greet .Ufficl.y of ob,ai„i„g dogs wi.h

glycoge„-tree livers by inanition alone^
^^^^^^^

^ .^

„„i^rj;r^:;X';i;:::;Ht-"a:e„.,ea e.peti„e„. .ho«s.

Injection of
Dextrose

adre:|iinch.otide
---

1906

Mar. 5

" 6

7

IS

16

17

18

19

10

10

10

10

5

10

10

10

10

20

5-6

none

4-5

none

none

none

trace

none

none

A^A K\r Herter ' Loeper and

This confirms observations recorded by Herte,, V

Crouzon,- and Paton.^
crU-coo-en content

The stoci, or .,,e infloence o » -a ,„ , ™ .h_e^^„|> =».
^^ _^^ ^„^,

of tl,e liver has shown tha " »»'" .,, „^ „,,„ ,3 dinrinished

"'''°"r'wi:i,'e°"r'c «,c atnalin poisonin, the amount of

in amount, while in cnru
-. .Up^f-d"* This would appear

^"-":; f*tV:r::i::e":l
."^ra'l^'teate^ ..ses o, a.,ren,-

;°:":r :hre:,;:rin,e„t ;^^ ^^ ^f:r:z::^
,0 be established. Doyon Morel, »"< ^-"'"^ '

,;„^^ ,„„„,p,.

"r^::t-r.;:^™rt:rofti;'i°;TMo.~ver.drena,in.

re^sLl^^r::,"rv^vi„. livers s,in,ola,es„,„^^^^^^

:j^:';j-s"Ahh::::t£^AS^::-«o"-="-"-

. IwInoff : Zentralblatt ftir Physiologic, .905, x.x, p. 89..

' Hektek : Loc. cit.
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dicate such a function on the part of this organ, the results of Doyon,

Morel, and KarciT,^ are opposed to it.

The influence exerted by adrenalin upon the tissues has been

studied by Drummond^ and Elliott.^ According to the former the

toxic action of adrenalin is most distinctly seen in the glandular

organs, and particular!}- the liver and kidney. Elliott, on the other

hand, demonstrates " that its single characteristic is the aptness to

stimulate plain muscle and gland cells that are or have been in func-

tional union with sympathetic nerve fibres." * He shows that only

where sympathetic nerve fibres exist does adrenalin have an action.

From the facts given it appears to the writer that tiie influence

of adrenalin in causing glycosuria can be explained most readily by

assuming that it acts directly upon the nervous elements, probably

through the sympathetic system. In no other way is it likeh' that such

small quantities injected would have such pronounced efifects. The
stimulation of the sympathetic nerves leading to the liver or to other

storehouses of carbohydrate may be sufficient to cause these organs

to throw out their stored up material in the form of dextrose. While

it lasts the stimulation is probably intense and a greater quantity of

dextrose is formed and discharged into the circulation than can be

cared for immediately. As fast as it is returned to the liver to be

transformed into glycogen, it is rejected, owing to the stimulation of

the liver cells by the adrenalin. It would appear from this that two

processes maj'be involved,— one causing the transformation of glyco-

gen into dextrose, the other preventing the reverse process. Blum^
in one of his first papers on adrenalin glycosuria put forth the view

that it resembled piqure rather than pancreatic diabetes. The action

upon the nervous system appears to the writer to be the essential

point. The resulting stimulation of the liver cells in connection with

these nerve fibres causes an increased output of dextrose, and whether

this output of dextrose is due to an increased formation or to a

diminished storage of dextrose is a purely secondary matter.

' DovoN, MoRHi., and Kakkfk ; Loc. cit.

'- Drummond: Journal of physiology, 1904, x.xxi, p. 81.

' Elliott: Ibid., 1905, .xxxii. p. 401.

* Cf. v. FuEY: Sitzungsbericlite der Wiirzburger pliysikalisclie-mcdizinische

Gesellschaft, 1905.

'' Blum : .Arcliiv fiir die gesamnite Pliysiologie, 1902, xc, p. 617.
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Summary.

No evidence has been obtained that the distribution of the nitrogen

Jn th trL of ammonia nitrogen, urea nitrogen, creatuun mtrogen

is Itered by the subcutaneous administration of adrenahn ,n dogs^

The re .

"
o7paton in which the an.monia nitrogen of the ur.ne was

.wZ evidence of the establishment of a certa.n degree of tolerance,

^tt'::^t:ZtSZ^ of adrenals glycosuria is

esn iallTor nervous origin, and acts through the intermed>at,o^ o

he sympathetic nervous system which is called >" ° P^;^J 'J

activity's in part directed upon the sugar-stonng o.gans, caus ng

them either to relinquish their supply of dextrose-producing ub-

stance or preventing the storage of glycogen, ow,ng to the st.nv

ulaXn of the cells, or both, thereby causing hyperglyca.m.a and

'' Arr^nalin glycosuria bears no relation to ordinary diabetes in man.
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THIC REACTIONS OF EARTHWORMS TO SALTS : A STUDY
IN PROTOPLASMIC STIMULATION AS A BASIS OF
INTERPRETING THE SENSE OF TASTE.

Bv G. H. PARKER and C. K. .METCALF.

WHAT transpires when a stimulating solution causes a reaction

in an organism is not easily stated, and may differ even

fundamentally in different cases, but with increased knowledge as

to the nature of solutions, the complete analysis of such instances

becomes more nearly possible, and experimentation can be directed

with greater definiteness toward solving such problems. The object

of the work recorded in this paper was to attack this question in a

well circumscribed case, and for this purpose a class of relatively

simple salts, the chlorides of sodium, potassium, lithium, and am-

monium, were selected as stimuli, and the common earthworm,

Allolobojjhora fcetida, as the reacting organism. That this animal

is strongly chemotropic had already been attested by Loeb ('94,

p. 262).

The salts used were the purest obtainable commercial products,

the so-called c. p. salts, which were subsequently still further purified

by recrystailization. We are under obligations to Professor C. R.

Sanger, of the Harvard Chemical Laboratory, for aid in getting

sodium chloride free from sulphate, and to his assistant, I\Ir. M. L.

McCarthy, for the preparation of i)ure lithium chloride. The solu-

tions were made up in distilled water, and titrated against a mol.

solution of silver nitrate, with potassic chromate as an indicator, and

corrected till they were within 2 per cent of agreement with the

standard solution. The dilutions made from the stock solutions of

salts were also titrated against a silver solution, that possible mistakes

in mixing might be checked.

5S
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The method employed in testin, the worn, was -y si-HaMo that

, I T ^„i, r-no^ -ind especially bv Bracunmg (: 04), on llie iro^.

knot. AS mi^ni n
,/.. j, jo this method of suspension,

the worms reacted very slightl) .
it at an, to

The worms thns p-^^
-^r-^::^ ::::e^:ji ^tirt^

r.^^:h:r;;l:t;h;: methodUa .r more satisfactory

''TU^apCtirwith which the tests were made, which is shown
The apparatus wu

^^^gigted of a base with an upright

in the accompanying figuie, consisted o

nf the ends of

wooden post to which a pivoted arm was fixed. One of the ends o
_

Te r: was notched so that the silk thread carrying a ™. co

be inserted into it, and the other end was used as a

^^^^^^^
the arm could be moved so as to raise the worm or lower it into

solution contained in a glass vessel on the base.

When a test was to be made, a worm was taken up by its thread

anramched to the arm of the apparatus. The superfluous water

rasdt::': from it, and, after it had lengthened ful.u. as o

ered <^ently but quickly into the solution to the depth of the anterior

dge of th'e clitelUm. As the tip of the worm cut the surface of he

soKition, a stop-watch was started, and when as a result of the .0

rac on of the worm the tip withdrew from the solution the watch

: opped. The interval of time thus recorded to fifths of a secoi.

was taken as the reaction time for that particular experiment. Prom

::;rof the .ess stimulating solutions the worms did not wit d.a.v

for a considerable period; after two minutes had e.xpired such ex

nerimcnts were discontinued, and the worm was taken out ot the

o turn. Records of this kind of result, which in the whole s.,«

of trials was relatively rare, are indicated in the tables by an a te k.

thus .20-. After the worm under ordinary circumstances had with-

drawn from the solution, it was rinsed in tap-water, -turned ot

glass, and allowed to rest at least five minutes before anoth r r al

fvith it was made. After twenty or thirty such tnals, e uh

periods of rest of at least five minutes, it was found that the worms

Lduallv decreased in their reactiveness, and it was decided for the

fake of uniformity to use no worm for more than twelve reactions.
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To make these tests with the four solutions usually employed in as

uniform a way as possible, four worms were used in each set of

trials, and the solutions were made to follow the sequence indicated

by the numbers in Table I.

TAHLE I.

The numbers in this table show the sequence in wliich the solutions were used in

testing four worms in any set of reactions.
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Notwithstanding the care exercised in the management of the

worms, it was found that some individuals presented striking and

Zracieristic differences as compared with others as Brae^n g

(•04 p xn^ has already stated to be the case with frog .
These

diJience are to be attributed to the different physiological states of

t^ orms. Since, however, each solution was used on each worm

uch differences offer no difficulty in the interpretation of single

T.W'.LE II.

Average reaction times in seconds of Allolobophora fcEtida to solutions of various

trengtl.s of tlie chlorides of potassium, lithium, ammonu.n nd sodium, and to distilled

s

water
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Each salt likewise shows a characteristic series for its own concen-

trations. In sodium the reaction times in concentrations from mol. to

".'^ inclusive are probably all minimal, the slight deviations observed

being obviously accidental. At ,"'„ a real lengthening of the time

takes place, and this is increased at J',,,
but even at this dilution it is

not so slow as in distilled water.

Ammonium at mol. concentration gives a minimal reaction time, but

the time lengthens at f"
and continues to lengthen progressively

to "--^. At ,"',7 it shortens considerably, to become again longer

for distilled water.

The series for lithium starts at a minimal reaction time for the mol.

solution, which is followed by a series of progressively increasing

periods to a maximum at "\ or ^h^ ^^'^^'^ which it quickens at j^ to

a time somewhat more rapid than that for distilled water. No two-

minute records were obtained from any of the worms in the sodium

or ammonium solutions, but in the lithium solutions one was observed)

namely, at concentration 7^,
(Appendi.x, Table XII).

The series for potassium also begins with a minimal reaction time

at a mol. concentration, and progressively lengthens at each concen-

tration to a ma.\imum at ^. At —-, it perceptibly shortens and again

at -"J^n,
but not so much so as in distilled water. The potassium series

contains three two-minute interrupted records, one at 7!'^ and two at

the maximum f^ (Appendix, Tables XI and XII).

When the series for the different salt solutions are compared, it

will be seen that each series shows one maximum, and that in accord-

ance with the reaction times of these maxima the salts fall into a

sequence agreeing with that shown by the reaction times of any con-

centration between ,",' and ."'^j, i.c ., the shortest maximum reaction

time is shown by sodium chloride (7.43 .sec.) ;
^ the next by

ammonium (23.05 sec); the next by lithium (37.80 sec); and the

longest by potassium (55.45 sec). Since these reaction times may

be taken as indications of the degree of stimulation, it is clear, from

what has been shown, that the most stimulating solution is that of

sodium followed in sequence by ammonium, lithium, and potassium.

Earthworms contain such a large proportion of water that it is

quite natural to suppose that changes in their fluid contents due to

osmotic pressure might be a means of stimulation.

It is conceivable that the extraction of water from the skin of the

' It is probable that the reaction time to sodium cliloride is longer in solutions

weaker than ^55, but these were not tested.
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worm or the infiltration of this material into the animal might stim-

ulate the integumentary sense organs in such a way as to result in

the reactions already recorded. Under such conditions st.mulatum

ou^^ht not to occur in solutions that are isotonic with the fluids of the

wonii, but any solution whose osmotic pressure is either greater or

less than that of the fluids of the worm might be stimulating.

Moreover, under such circumstances the reaction time ought to show

some relation to the disparity between the osmotic pressure of the

fluids of the worm and that of the stimulating solution, in that the

TABLE III.

Dissociation per thousand molecules and osmotic pressure in -''""^P^^^^/^
'I';

vari^ls ^trengths'of solutions of the chlorides of lithium,

-f'"-'

—
^^o , 4

The tible was calculated from the data given by Kohlrausch and Holborn (
>h).

1

Strengths
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if the amount of osmotic pressure were the effective factor in stimula-

tion, the sequence of the salts in any set of solutions where this

sequence could have been made out should have been potassium,

ammonium, sodium, and lithium, but, instead of that, at all concen-

trations in which a sequence was observable, it was sodium, am-

monium, lithium, and potassium. It is thus clear that differences of

osmotic pressure are not the controlling factors in these reactions.

Notwithstanding what has been said, it cannot be denied that

osmotic pressure is an important factor in determining the state of an

earthworm. That these animals change their volumes by giving out

water or taking it up in accordance with the condition of the sur-

rounding medium is shown by the following experiment. The

anterior ends of a number of earthworms were cut off and the worms

were kept under normal conditions till by the healing of the wound

their mouths were closed. They were then placed in shallow, dis-

T.-MiLE IV.

Percentage change in volume in .-Mlolobophora foetida on being transferred from dis-

tilled water to various concentrations of potassium chloride in water, where the worms

remained 24 hours.

Strength of sol. of KCl.
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The worms put in the mol. solution contracted vigorously,
_

charged droplets of a thick, whitish secretion, which clung to their

integument, and died in a few minutes. At the end of twenty-four

hours thev were much shrivelled. In all the other so ut.ons the

worms lived over a day without showing any evidence of deteriora-

tion, though in the ;'; solution they were almost constantly m motion,

as though continually stimulated.

All the living worms, during the twenty-four hours that they were

in the solutions, discharged, probably from the skin, a small amount

of slimy secretion. This must have reduced their volumes somewhat

but since this secretion on being collected never measured as much

as one per cent of the total volume of the worms, it was disregarded,

for it was evident from the facts already given that even allowing for

this sli-ht loss, there was still abundant evidence to show that earth-

worms.^ike frogs (Braeuning, :04, P- 173), change their volume by

taking in and giving out water.
, ,

•
,

Althou-h this whole process, which goes on rather slowly, is prob-

ably not t'he occasion of the stimulation due to salt solutions, its first

steps, or something very like them, we believe, are unquestionably

concerned in this operation. In many cases the reactions of the

worms were relatively so quick that the organs stimulated must have

been very superficial in position, probably in the epidermis, and the

transfer of materials to these organs from the surrounding solution

or the reverse is probably one of the causes of stimulation rather than

the more general transfer between the deeper parts of the body and

the exterior. If some such physical operation is not assumed, it is

difficult to explain why distilled water of the stock that was used m

making up the solutions was more stimulating than some of the solu-

tions themselves, such as ammonium chloride ,:„. lithium chlor.de

?' to '"-. or potassium chloride, f^ to ^„ (Table II). Worms lived m

ihis disulled water for over a week without apparent deterioration,

and we never observed any injurious effects such as might be attrib-

uted to very minute amounts of metallic impurities (.Nageli -s oligo-

dynamic effects). We therefore believe that the stimulating effect ot

distilled water as compared with that of certain salt solutions is to be

attributed to some such physical cause as osmotic pressure or even

simple difTusion. Loeb (:02, p. 26.) has shown that it .s probable

that the entrance of water into the skin of a frog is stimulating to the

integumentary sense organs and its exit quieting, and that the reverse

is true for motor nerves,- a conclusion confirmed byMathews ( :0S) ;
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and Braeuning ( :o4, p. 172), who seems not to have known of Loeb's

work, also lays stress on this method of stimulation in the reactions

of frogs to salt solutions. While these physica-1 transfers of materials

may be looked upon in a certain sense as stimuli, the real stimulation

is probably due to the changes produced by them in the concentration

of the substances dissolved in the protoplasm.

Although these physical processes doubtless play some part in this

form of stimulation in the earthworm, it is obvious, from what has

been stated, that they cannot account for the characteristic and strik-

ing differences in the reaction times of these animals for the four sets

of salts tested. These differences must be explained in some other

way, and are probably dependent upon the action of some of the ionic

constituents of the solutions.

Since the degrees of dissociation for the four salts are fairly close

for each strength of solution used (Table III), and since all four salts

are chlorides, it follows that their different stimulating effects cannot

well be attributed to the action of the common anion, chlorine. More-

over, if this ion were the effective stimulating material, the sequence

of the salts from the standpoint of stimulation ought to be for most

of the sets of solutions ammonium, potassium, sodium, and lithium.

Since the sequence is sodium, ammonium, lithium, and potassium, it

is obvious that the chlorine ions have no effect in determining this

sequence.

To explain this differential effect in stimulation there remain the

four cations, sodium, ammonium, lithium, and potassium, and the un-

dissociated molecules. Of these the sodium ions or sodium chloride

molecules or both must be responsible for the very stimulating quality

of the sodium solutions. That the sodium ions are very probably the

stimulating element is seen from the fact that the solutions of all other

sodium salts that we tested (sodium nitrate, sulphate, and acetate)

called forth the same quick reaction that sodium chloride did. This

is well seen in sodium acetate in comparison with sodium chloride,

for which the reaction times are given in Table V.

l*"rom these observations we conclude that the effective stimulating

element in the sodium solution is the sodium ion and not the undis-

sociated molecule of salt. In a similar way we have been led to a

corresponding conclusion regarding the other salts, and we therefore

believe that the characteristic reaction times for the four salts tested

depend primarily upon their cations. Since these cations are all uni-

valent, valence cannot be called upon as a means of explaining the
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of cations diminishes, stimulation is less, and

T.\BLE V.

A nf four earthworms, AUolobophora fcetida, to strengths

The reaction times m seconds of four earth«orn
,

_ ^^^.^^^^ ^^^^^^^.^^ ^^ „.^ ^^

of sodium chloride and of sodium acetate f™"^J^ '°

Ine sodium acetate solutions have a

saltish, and at .'i is slightly saity and ;;^r"-P"'
us indistinguishable from distiiled

slight taste, all other solutions (tsb to TTi!!)
^ere lo

water.

No.
of the

worm.
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four salts here used are stimuli for the salty taste in man. Kahlen-

berg ('98) and Hiiber and Kiesow fgS) have pointed out that this

salty taste is dependent upon the anion chlorine and that a similar

taste is excited by the closely related ions bromine and iodine. I;

is perfectly clear, however, that there is a wide gap between the

condition in man and that in earthworms, for, while we can taste

solutions of common salt only to about a "', dilution, earthworms react

vigorously to dilutions ten times as great, ,"'„. Not only is this differ-

ence in sensitiveness characteristic for man and the earthworm, but

the two organisms in this case react to opposite classes of ions. In

man, as already mentioned, the salty taste of the four salts used in

our experiments is unquestionably due to the common anion chlorine
;

in the earthv»?orm, as we have demonstrated, the characteristic stimu-

lation is due to the cations sodium, ammonium, lithium, and potassium
;

in other words, for the earthworm the solutions tested do not

represent a homogeneous group corresponding to the salty taste in

man, but the worm reacts with striking difference to these four

solutions. Thus it is clear that the primary stimulus for man is

the anion, for the earthworm the cation of the salts tested.

Although physiologists are inclined to describe the salty taste as a

homogeneous taste and to look upon chlorine, bromine, and iodine

ions as the homologous stimulus for it, such a view is only partly

true. If any one tests by taste the four solutions that we used, he

can with a very little practice come to distinguish them with perfect

certainty. All four solutions at mol. strength taste characteristically

salty, but the taste of each one has a slight but peculiar flavor which

allows that one to be distinguished from the rest. This specific

character of the saltiness, which has already been recognized by

Hober ( :02, p. 183), must be due to cationic stimulation,— a feature

which, as we have just seen, is greatly emphasized in earthworms. We
believe therefore that while the organs of taste in man are stimulated

chiefly by the anions of the four salts studied, they are also stimulated

slightly by the cations ; thus the positive charge as well as the nega-

tive charge on ions may be stimulating, as Loeb ( :02, p. 262) has

demonstrated in the frog. It is not impossible that in the earthworm,

where the cations are the chief stimuli, the anions may also play a

subordinate role, but of this we have no conclusive evidence.

Since the same salts that give rise to an almost homogeneous stim-

ulation in man produce such diverse effects in AUolobophora, we
must conchide that the occasion of the differences is to be sought
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„„,. While the livin, -b^.^--,;^^
^^000^ to easy stimulation
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ammonium, lithium, and potassium. It thus appears that these salts

are stimulating to the manure-inhabiting Aiiolobophora in the se-

quence sodium, ammonium, lithium, and potassium, and to the earth-

inhabiting Helodrilus in the order potassium, ammonium, sodium, and

lithium. We have here undoubtedly two conditions of stimula-

tion dependent in all probability upon environmental adaptation

and exhibiting again the capacity of protoplasm for this kind of

differentiation.

T.-\KLK VI.

Average reaction times in seconds of the earthworm Helodrilus calignosus (Sav.)

to •'(, solutions of the chlorides of lithium, sodium, ammonium, and potassium. Each

average is based on twelve readings, four from each of three worms, as described on

V V
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It is clear from these results that so far as the sense of taste in

Allolobophora is concerned, calcium ions do not counteract sod.urn

ions, ancl that these experiments give no support to the v.ew ha

.-ha will alter the toxicity of a substance will correspond.noly change

taste. Nevertheless it must not be forgotten that silver and

mercury ions can be tasted in greater dilations than hydrogen ions,

TABLE VII.

Reaction .in,es in seconds of Allolobophora to solutions of sodium chloride and cal-

cium chloride singly and combined.

Number
of the

worm.

Number
of the

trial.

1

2

3

1

2
3

1

2
3

NaCI Tsi!-

Averages

9.2

8.4

10.0

0.2

0.2

0.2

7.2

6.6

5.8

CaCla i^'b.

17.S

14.2

11.2

7.2

7.8

5.8

11.2

9.4

12.6

NaCl -r55
CaCU Trfn-

62
9.0

10.2

0.2

0.2

0.2

68
7.4

5.0

NaCl^'ti
^

CaClrt ^cc""

13.6

16.4

17.8

0.2

0.2

0.2

12.2

10.6

S.2

5.3 10.8 5.0 S.S

1 This mixture was made by adding to 5 c.c. of normal sodium chlor.de

5 c.c. of normal calcium chloride and 490 c.c. of water.

2 This mi.xture was made by adding to 2.5 c.c. of normal sodium chlor.de

2.5 c.c. of normal calcium chloride and 495 c.c. of water.

and hydrogen ions in greater dilutions than hydro.vyl ions, and that

the heavy metal ions are usually more poisonous than hydrogen

ions and hydrogen ions more poisonous than hydroxyl ions. Whether,

however, such a rule holds generally is still to be ascertained. But,

however this may be, it is obvious, from what has already been shown,

that the sense of taste in animals, as exhibited by their reactions to

electrolytes, necessitates the conception of fundamentally diverse

conditions in the protoplasm of their gustatory organs.
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SUMMAK\'.

1. Allolobophora foetida withdraws from solutions of the chlorides

of sodium, ammonium, lithium, and potassium .varying in strength

from mol. to -^ at rates that show these salts to be stimulating in

the sequence (beginning with the most energetic) of sodium, am-
monium, lithium, and potassium. The worms withdraw quickly from

distilled water that gives no evidence of oligodynamic action.

2. Allolobophora is stimulated in part by the physical action of

the salt solutions (osmotic pressure, diffusion, etc.), in part possibly

by the chlorine anions (but of this there was no conclusive evidence),

and principally by the cations sodium, ammonium, lithium and potas-

sium. The differential stimulation depends not upon valence or the

sign of the electric charge, but upon the specific character of the

cations.

3. To man all four solutions taste salty, but with slight character-

istic differences; the salty taste is due to the anion chlorine, the

characteristic flavor to the cations sodium, ammonium, lithium, and
potassium.

4. In Allolobophora the chief stimulus is the cation, in man the

anion
; hence the gustatory protoplasm of these two organisms must

be chemically ditierentiated in these two directions.

5. In the manure-inhabiting Allolobophora the four solutions are

stimulating in the order sodium, ammonium, lithium, and potassium;

in the earth-inhabiting Melodrilus the same solutions are stimulating

in the order potassium, ammonium, sodium, and lithium ; hence these

reactions are indicative of a probable adaptation of the gustatory

protoplasm of these worms to their own chemical environments.

6. The reactions of Allolobophora to solutions of sodium chloride

are not influenced by solutions of calcium in such a way as to show
that the sapidity of sodium chloride is related in any close way with

its well-known to.xicity.
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but for convenience of reference this sequence has been changed in

the tables (see p. 57).

The eighth table gives in detail the reaction times of four earth-

worms (Allolobophora fcetida) to distilled water.

TABLE VIII.

Worms 1 to 4 were tested, each one tliree times in each uf the four mol. solutions

and withdrew in every case in less than 0.2 second. As this was the minimum unit

of time used for records, their reaction times have been set down as 0.2, and are given

in the table in condensed form only.

Temperature of the solutions, 19° C.

\o. of the

worm.

1, 2, 3, 4

m NaCl.

02

m NH^Cl.

02

/« LiCl.

0.2

/« KCl.

0.2

TABLE IX.

Temperature of the solutions, 21° ('

Number of

the worm.
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TABLE XII.

'rcniperature f)f tlic solutions. VP (.'

Number of
[ .j jjaCl.

the worm. "'
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Temperature

TAHl.K XIV.

of the solutinns. 19° I

TABLE XV.

worms used had been previously employed

Temperature of the water, 19° C.



I'.XI'I'.KIMHNTS ON THP: PHYSIOLOGICAL ACTION AXD
MICTABOLISM OF ANHYURO-OXYMETHYLENE-
Dli'HOSPHORIC ACID ( PHYTIN ACID).

liv LAFAYKTTK B. .MKMDKl. am. FRANK P. UXDEKIIILL.

[From the Sheffield [.aboralory of Physiological Chemistry, Yale University.
"^

IN 1903 Mart ami Andrews ' reported a series of investigations

which led them to the conclusion that commercial feeding stuffs

of vegetable origin do not contain appreciable quantities of phosphorus

in organic combination. Germinated grains are rich in forms of solu-

ble organic phosphorus ; and germination does not, as is generally

assumed, transform organic phosphorus into inorganic form. With

this conclusion observations of Schulze and Castorc' are in substantial

accord. A subsequent study by Patten and Hart'' demonstrated that

practically all of the soluble phosphorus of wheat bran is of an

organic nature, and that the organic compound exists in the bran as

a magnesium-calcium-potassium salt of a phospho-organic acid. The

free acid was found to correspond to the formula CiH^P.^Og; and

Patten and Hart regard it as probably identical with a compound

isolated by Posternak'' from various seeds and other plant parts, and

described as anhydro-oxymethylene diphosphoric-acid :

H
^CH-0- PO(OH)j

°(^CH-O . PO(OH).,
I

H

1 IIakt .ind .Vndkkws: American chemical journal, 1903, xxx, p. 470; also

New York .Vgricultiual Experiment Station, liuUetin 23.S.

Scilui.ZK and Casioro: Zeit.schrift fiir physiologische Ciiemie. 1904, xli,

p. 476.

» I'ATTKX anil Hart: .American chemical journal, 1904. xxxi. p. 564.

« Postf.knak: Comptes ronchis de la soci^td de biologic, 1933. Iv, p. 1 i<}o.

75
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Poslcrnak introduced the name " phytin " for this acid but the

term has lately been used commercially to designate an acid calc.um-

masnesium salt of the organic compound.

The phospho-organic acid here referred to is doubtless the same

substance which several investigators have met with in various plant

materials in the form of its salts. Pfeffer • probably detected a

similar salt as early as 1872. Various workers in Schulze s labora-

tory separated the characteristic compound whose properties Poster-

nak later described.'- The free acid obtained by Patten and Hart is

a thick, transparent liquid of yellowish-brown color. It is readily

soluble in water and alcohol, and has a sharp acid taste. Its alkah

salts are freely soluble in water; the calcium and magnesium sa ts

are somewhat soluble in water, the barium and strontium salts

sparingly soluble. The free acid is tetrabasic, and forms two

salts : one normal, the other an acid salt. Heated with concentrated

mineral acids, it is broken up quantitatively into inosit and phosphoric

acid, according to the following equation:

3 C,H,P.:0» + 3 H.O = (CHOH)e + 6 H^PO.

Strong solutions of the acid are quite stable, and do not^show the

presence of phosphoric acid after keeping for many days.

The compound just described, containing over twenty-si.K per cent

of phosphorus, is of interest physiologically, because '^ o^ccurs as a

constituent of the food of both man and animals. Through the

co-operation of Mr. E. B. Hart, we have attempted to ^"PPle'^en

the extensive investigation conducted at the New York Agricultural

Experiment Station (Dr. W. H. Jordan.'Director) on the role o th-s

phosphorus compound in metabolism. Commercial phytin has lately

Len introduced into medical practice with somewhat extravagant

claims which demand careful experimental verification.^ Ihe investi-

gations of Rohmann and his pupils^ have suggested that the phos-

1 1'fffi-f.r: JahrbUcher fur wissenschaftliche Botanik, 1872, viii, p. i47-

•^Pallauin: Zeitschrift fur Biologic, .894, xxxi, p. .99; ^'=""^7- ""^ ''j;'.

TERSTFIN : Zeitschrift fur phvsiologische Chemie, 1896, xxn, p. 9= ;
WlNrh-RSTElN .

lierichte der deutschen chemischen Gesellschaft, 1897, xxx, p^2299.

» According to a personal communication from Mr. E B Hart.

« Thus Loewenheim: Berliner klinische Wochenscbnft, .904. P- ';-;. '.^^^''^

phytin as ' das machstigste Anregungsmittel des .Stoffwechsels, das die Mcdum jc

^".';S:::S^B^;:^'knnische Wochenschrift, ,898, No. 36; Ma.C1^:

Archivfur die gesammte I'hysiologie, .897, Ixvii, p. 373; Stf.n.tz: Ilnd., .898,
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phorus of compounds, like casein and vitellin, is retained in the

organism better than corresponding quantities of inorganic phosphate

fed with ordinary proteids. Similar conclusions are afiforded by the

studies of Cronheim and Muller' on growing children. It must be

admitted, however, that the conditions determining the metabolism of

phosphorus compounds are still too imperfectly understood to permit

such satisfactory generalizations as apply in the case of nitrogen and
some other elements.- This is likewise true of the present signifi-

cance of lecithins and other organic phosphorus compounds.

The experiments of Gilbert and his collaborators^ indicate that in

the case of the dog, rabbit, and guinea-pig the salts of anhydro-

oxymethylene-diphosphoric acid are scarcely to.xic when administered

per OS. Fatal results followed doses of 50 mgm. per kilo, given in-

travenously
; 200 mgm., intraperitoneally ; 2500 mgm., subcutane-

ously; and 9500 mgm. per os. Sccheret claims that the proteolytic

enzymes of the alimentary tract do not alter the acid in vitro ; and
he concludes that it is probably transformed by the intestinal epithe-

lium, so as to be finally excreted as inorganic phosphoric acid. The
acid is not a protoplasmic poison ; it does not check the growth of

the Eberth- or tubercle bacillus or Penicillium. Finally, Secheret
states that small doses of the salts of the phospho-organic acid, taken

per OS in man, induce an increased excretion of nitrogen by stimu-

lating tissue metabolism and simultaneously effecting an increased

retention of phosphorus in the body. Without reviewing the purely

clinical reports ' which have been published, reference may be made
to the observation of Scofone'' that phytin phosphorus is well ab-

Ixxii. p. 75; Zadik: Ibid., 1S95, Ixxvii, p. i ; LEn'ZiGER : Inaugural Dissertation,

Hreslau, iSjg; EHUt.iCH : Inaugural Dissertation, Hreslau, 1900.

' Cronheim and .Muller : Zeitschrift fiir di.itetisclie und physikalische
Therapic, 1903, vi.

- Cf.. for example, the conclusions reached in Tigerstedt's laboratory, espe-
cially EiiRSTRiiM : Skandinavisches Archiv fiir Physiologie, 1904, xiv. The litera-

ture on the metabolism of phosphorus has recently been briefly reviewed by Albu
and Neuberg

: I'hysiologie und P.ithologie des .Mineralstoffwechsels, Berlin,

1906, p. 134.

« GiLBi.RT and I'osteknak : La m<5dication phosphoric, Paris, 1903 : Gilbert
and I.iiM'.MAN.v : La presse miidicale, Septembre, 1904; G. Sccheret : Thi^se
de Paris, 1904. We have seen an abstract of the last paper only, in the

Jahresbericht fiir Thiercheniie, 1904, xxxiv, p. 729.
* E .)•. I OEWENHKlM : Berliner klinische Wochenschrift, 1904, p. 1221 ; FuRsr:

Centra blatt fur Kinderheilkunde, 1904, Heft 11: Damhke: Contribution .M'dtude
de la mc^dication phosphorJe. La Phytin. Thi^se de Toulouse, 1905.

^ ScoFON'E
: Abstract in Biochemisches Centralblatt, 1905, iii, p. 606.
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sorbed being excreted again in good part as earthy phosphate in

he urine. Giascosa ' has also noted that phytin does not reappear as

such in the urine; neither could Us decomposition product inos.t be

'^ThTlst exhaustive study of phytin yet published was undertaken

by Jordan. Hart, and I'atten.-^ Their observations, wh.ch formed the

immediate occasion for the present experiments, w.ll be rev.ewed

below.
Experimental Part.-'

The product used in the present study was a solution containing

28.9 per cent of the free acid C.,H,P.,0„ according to analyses b)

Mr Hart, who sent it to us for investigation.*

Bacteriolcica, tests. -It was soon observed that solutions of he

.cid made neutral to litmus with sodium hydrate, speedily show the

presence of an abundance of micro-organisms, unless antiseptic pre-

c 1tons are taken. This led us to suggest a bacteriological exami-

.a n of the solutions of the acid itself.^ Examined in various ways,

"rob cally and an.robically, in plate cultures, with peptone, a,^ on

Zt the' stock solution was always found to be --•'- ^ ^ou

alep ic precautions being observed in preserving it. The germic.da

properties of the acid solution were investigated as follows. Tubes

1 GIACOSA : .Abstract in Biochemisches Centralblatt, .905. iv, P- 572-

^ JOKDAV. HART, and Patten: American journal of phys.olo,,. .906. x...

.cW^ owing .0 *= .lo">'i»' i» .ol.*.!. y of .ta ... »' "' »;"»™
^,„„„ „r., „

,cl.l. the problem I. a difficl. one^ f o lo,, ..g M r. H«" > -
> ..

„,*o.,..l. 1... ..l» P'a« »«1 Pl-o-P""'?
"'i" ^T. d* dp V, « >cid .1,1,

:ur'r:njrpr»,» ... -~..d -.
.^^^^^^^^^^

during the course of our mvestigat.on.
,oUw.uc, Professor Rettger,

' The bacteriological tests were conducted bj our eollea^uc,

and Mr. CloSSOX.
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of bouillon medium were prepared so as to include varying proportions

of the free acid C.,H„P.X).,. These tubes, as well as control tubes

without any of the acid, were inoculated with B. coli comnntnis or

B. snbttlis. The results are given below :

B. coli communis. B. subtilis.

\ mol. CoHgPnO,,, sterile. I^ mol. C.HgPaCj. sterile.

jij mol. d,H,PX).„ slight growth. j"; mol. C.HaP.jO;,, slight growth.

Acid-free control, .ibundant growth. Acid-free control, abundant growth.

Again to 10 c.c. portions of nutrient peptone, ,'„ c.c, \ c.c, and i c.c.

of the stock solution (28.9 per cent C.^HgP.Pg) were added in dupli-

cate, and the tubes then inoculated with B. coli couununis. The

trials were made in both c-erobic and anaerobic culture. The tubes

c.c. alone showed a doubtful trace of bacterial growth.

Injection trials. Subcutaneous injections. — i. .\ rabbit weighing 2.3 kilos

received a subcutaneous injection of 21 c.c. of a solution containing 219

m^m. of the phospho-organic acid neutralized with sodium hydrate. /. e.,

92.8 mgm. per kilo, without showing unusual symptoms of any sort.

2. A dog weighing 7 kilos (see metabolism trial below) received repeated

subcutaneous injections of the acid neutralized with sodium hydrate.

The doses ranged from i.V to 4 gm. (calculated as the acid) dissolved in

20 to 30 c.c. of water. Aside from local irritation produced by the largest

dose, no toxic symptoms were noted.

Intraperitoneal injections. — i- A rabbit weighing 1.38 kilos received an in-

traperitoneal injection of to c.c. of a solution containing 289 mgm. of the

acid (210 mgin. per kilo) as the sodium salt. One and one-half hours

later a second injection (19 c.c.) of a similar neutral solution containing

400 mem. acid per kilo was given. No untoward effects whatever were

noted.

4. The cat previously used in Experiment 6, below, five days later re-

ceived an intraperitoneal injection (t,^ c.c.) containing 570 mgm. of the

acid (as sodium salt) per kilo. .Aside from slight nausea, no toxic symp-

toms were noted.

5. The only untoward symptoms observed after intraperitoneal injection

were seen in the case of a puppy weighing i.i kilos which received 18

c.c. of a solution containing 474 mgm. of the acid (as sodium salt) per

kilo. The anim.il was attacked with vomiting and diarrhoea, but soon

recovered. On the next day similar, though less intense, transitory

symptoms followed the injection of 606 mgm. of tlie acid (as sodium

salt) ]ier kilo.
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The apparently innocuous effects of relatively large Joses of the

sodium sat of p'tten and Hart's acid led us to study the effects o

he adds and its salts directly on the blood. InjecUons were made

nto he facial vein in dogs, during A. C. E. an:esthes>a, blood

oressure beinc. recorded from the carotid by a mercury manometer

Tnd blood :a;.ples removed from the femoral artery to study the

clotting-time.

7. A dog weighing 8.5 kilos received a rapid injection of ,0 c.c^of the

tock solution of the A...«Kdauted to contau. 5
S P" ""'

^^f/^;^;'.
in twenty-four seconds. Dose = 68 mgm. per k.lo. Ihe blood pre

sure imLdiately fell, and the anin.al died at once. The abdon.nal

Wnnd vessels were greatly distended.
.

8 A do? ighing 6 kilos received a series of injections of solut.ons

contini:. ether fhe sodium salt or the free acid. The intervals were

utce" °o allow the return , of blood pressure to the normal, -^nces-

hes a with ^. C. E. mixture. The injections were made quite rap.dly.

Substance
used.

I

II

III

IV

V

VI

VII

Sodium salt

Free acid

ngm.

1.7
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olism of phosphorus, we have conducted a series of trials with the

wheat bran acid on a bitch. The animal was maintained on a con-

stant diet consisting of
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investigation of Jordan, Hart, and Patten^ on cattle at the Nevv York

A.ricuUural Experiment Station. Their plan consisted ,n feed.ng

the same animal rations differing greatly in the amount of phospho-

rus which they supply. The ration low in phosphorus was prepared

by removing the phytin from wheat bran, untreated .hole wheat bran

being used h. the companion experiments. It is impossible to review

in detail the numerous interesting observations. They noted that

the amount of outgoing phosphorus rose and fell with theq-ntity

supplied in the food, though within narrower limits When the

phosphorus supply was abundant, there was a storage of this element.

No relation appeared to exist between nitrogen excretion and phos-

phorus elimination. With these observations our own experience is

in substantial accord.

Another point, however, calls for more extended reference^ Jordan,

Hart and Patten found that through katabolic changes the phosphorus

of the phvtin and that of the unused digested nucleoproteids was re-

duced to iHorgamc combinations, and was excreted chiefly in the

feeces, though to a small extent in the urine. The -.-"- P^^^'

phorus bodies of the egesta were little affected, if at all, by he

proportions of phosphorus compounds in the food, the rise and fall in

the outgoing amounts occurring almost entirely with the inorganic

salts found in the excreta. Our own experience with the sodium salt

of C H P,0, corresponds with the preceding in indicating a practi-

cally "complete conversion of the phosphorus of the organic compound

into inorganic phosphate. At any rate we have concluded that it

was excreted in this form because of the agreement between the

figures obtained by direct titration of the urine and those furnished

by the Neumann method. Jordan. Hart, and Patten came to a similar

conclusion because they were entirely unable to separate phytin or

other organic forms of phosphorus from the urine. Scofone and

Giacosa^^ report the same outcome. Our experiments on the dog

differ notably, hosvever. in one respect from those obtained with cows.

riu- phosphorus voas eliminated almost entirely by way of the kidneys.

The response in the urine to the increased ingestion of phosphorus

compounds was speedy, rarely being prolonged beyond the day of

1 JoHiMN, H.M<T, and Patten: .\merican journal of physiology, 1906, xvi,

p. 268.

' ScoFONE : Loc. cil.

> GiACOSA : Loc. cit.
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administration, /. r., no marked " lag " in the urinary excretion of

phosphorus was noted.'

The path of elimination for phosphorus compounds has been the

subject of considerable controversy. It has been noted, particu-

Sl'MMARY OF E.XPERIMENTS 0.\ A RAItlUT.
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„, ,„,0,.. „„, >l,e « ..pressed a. a fi.od ho„r dally, b, pressure

on.the bladder. ^,^0 the phosphorus

It is evident trom these data that u
eliminated in the

The place of introduction did not alte. th.s.

f r H P O ExperimmU. - In a r.rW<// a dose of 1.3

^-i:^?:^;^o;::rs;:d.inited.asc^^sa^^^

^.nd, .Ued to produ^ any^P^g - e^^'^
,^^, „„,,, .,

results were var.able. A bucli «e. „
_^^^^^ ^^^.^^ ^^^ly_

,on in a
'-''^''f;"V'l\ied f^e At intervals solutions of the

This diet afforded fa.rly well-forn ed t^eces
observations

acid (as the sodun. salt, were g-n per
>

^^f ^^^^^^^ p^.^^^,„,

were made on the quantity and character ot

follow :

May 22. Ditto, single dose. Diarrlural .tool.

Mav23. Xormaldiet. No faeces.
, , , ,

Mav?4. 2.9 gm. C.H^P.p, fed D.aMsool.

:„ order to compare the e«.. of ^o^-
P-J^; i;!::::;:;: :[

which this laxative action mtght be
-^^'^^'^t^J''''^^^ ,q,i,„ent doses

the inorganic phosphate were adn^ntsteed p^r o. T
q^^

are : S.7 gm. HNa,,PO, • 12 aq. = 0.7^5 g™' ^ 9 S

^- „, „hnsnhite fed Moderately soft stool (?)

May 30. About 4 gm. sodium phosphate tea.

May 31. Normal diet. Faeces normal
^^^^^

June 1. 8.7 gm. sodium phosphate fed.

^^llZl^o purgative effect.

June 2. 9 g.Ti. NaCl given in solution. \ omit.ng. ^o
1 g

June 3. Normal diet. No f^^^es^ •

^^^.^^ ^^ ;^,^^^,1, no

June 4-6. CHsP-O,, given as above, but m smaii p

3..e7. 2.^:rc:H:^S>ven in a single dose. No purgative effect.

Another dog of r, Uilos ^ody-weight sn^aHy ^^^^^^^^
C.H,P.O» (as the sodium salt) - hout effe t A

^^^^

-:2=%rx;t,rrrc.e.„».. u.„s„«

freces were discharged.
I j jl^ere

In the metabolis.n experiments reported above, with
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employed no laxative effects were noted except on one day (November

18), when the largest single dose of the phytin acid was fed.

From their experiments on cattle, Jordan, Hart, and Patten con-

clude that phytin exerts a distinct laxative eflect, because its with-

drawalfrom the ration usually was attended with marked constipation.

Our experience with the sodium salt of C._,H^I^O,, in experiments on

the dog and rabbit is not so uniformly in accord with this. Several

distinctive features should, however, be borne in mind. We have

already shown above that the path of excretion for the metabolic

products of CH^P.jO,, does not directly involve the intestine in all

animals, a fact which may have a bearing on the production of pur-

gative reactions.^ Again, the salt fed by us differed from the natural

phytin in the character of the bases present; and, finally, our trials

were made with .single doses and are perhaps not strictly comparable

with prolonged feeding trials. It should be noted that investigators

are by no means agreed regarding the effects of the saline purgatives-

Conditions arise in which pendular movements of the intestine may
be increased without purgation, the two phenomena remaining

essentially distinct.-

It might be objected that the easily digested ration employed by us

offers relatively small food residues and is therefore poorly adapted

for such experiments. In view of the statement that phytin is not

decomposed by alimentary enzymes, one must hesitate to ascribe the

su[)posed laxative effect to soluble phosphate developed in the intes-

tine. With so large a number of complicating factors further ex-

periments in this direction seem unpromising. Perhaps trials with

phytin itself will furnish more convincing evidence.

SUMM.^RY.

A solution of anhydro-oxymethylene-diphosphoric acid, the acid

radical of phytin, prepared from wheat bran, appears to be quite

stable. When present in sufficient concentration, the acid in-

hibits the growth of bacteria. The salts of the acid are not noticeably

bactericidal.

Comparatively large closes of the phospho-organic acid, used as the

sodium salt, can be introduced into animals either per os, subcu-

' On this point c/. Mendei, and Thacher : American journal of physiology,

1904, xi, p. 15 ; Mendel and Sicher : Hid., 1906, xvi, p. 151.

- Cf. AUER : Proceedings of the society for experimental biology and medicine,

American medicine. 1906, p 33.
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.a„eo.,s,y, in.eraperi.onea.ly. „, ..ravenously, wi.l.n,, .,.<avorabl=

'r„,,Iea':ri:::t';ir';ra«eH,Uc e«ec. of ...»,,.„ saU

Vottpn after feed nc' nbvtin to cattle. Uur resuiLb
latten alter leeam,

i

phosphorus was almost

that in both the dog and labbit tlie excess o h i

^^-;t;r.rs/^:a^::rr:ir:;:.^^-.
laxative effects with phytin.

,„ e.,e„a,e,.a, ania^s pa^auve ^^^^^^ No

on this point.



THE RELATION OF IONS TO CONTRACTILE PRO-
CESSES.—!. THE ACTION OF SALT SOLUTIONS
ON THE CILIATED EPITHELIUM OF MYTILUS
EDULIS.

By R.ALPH S. LI LI. IE.

[Frcm the Marine Bioloi^'icnl Laboratory, Woods Hole?\

I. IXTRODCCTION.

THE following paper describes the results of part of a comparative

investigation on the relation of ions to contractile processes in

animal tissues. The present study was begun in the summer of 1904

at Woods Hole with the aid of a grant from the Carnegie Institution,

and has been conducted chiefly at the Marine Biological Laboratory,

partly at the Zoological Station in Naples. I have thought it desira-

ble to study the phenomena of ciliary movement in some detail, since

this appears to be the most primitive, as it is the most widespread,

form of specialized contractile activity; the fundamental processes

concerned in any form of contractility with a fibrillar basis are there-

fore likely to be found in this tissue in a relatively simple and un-

modified form.

The present study, apart from its special relation to contractility,

has brought to light many facts bearing on the more general prob-

lems of the relation of the electrolytes in cells and tissues to physi-

ological processes. These facts tend strongly to confirm the view

that the physiological action of the salts is due chiefly, if not en-

tirely, to the ions resulting from their dissociation, and that anions

and cations have in general opposite action on the tissue, this action

consisting largely in effecting changes in the aggregation-state of the

colloids of the cell.^ The contractile activity itself is in all likelihood

due to changes of this kind.- Other physiologically important pro-

' Cf. Crkelky's paper on the protoplasm of I'aramoecium and the action

of electrolytes in chanfjing its physical structure. Biological bulletin, 1904, vii.

p. 117.

- Cf. my paper on the relation of coagulative changes to contractility in the

Ctenophore swimming plate. This journal, 1906, ,\vi, p. 117.
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cesses as alterations in the water-content of the protoplasm and the

ateci phenomena of absorption, changes in ^1- P-™eah,hty of h

cell membranes, etc., appear to be sim.larly condu.oned M esu

also indicate that the injurious action of pure solutions of many sa ts

sodium salts) depends largely on their producing ^'-at.ons u ,

colloids of the tissue, due to the preponderat.ng action of one or other

of he oppositely charged ions of the salt. The so-called "ant.tox,

t n by w h this^injurious action is diminished or removed by

tl e'l'ditL of certain other salts to the pure solut.on, .s due appa -

ently to an approximate equalization of the opposite act.ons o an.on

a 'c^ion b 'the introduction of physiologically act.ve ,ons o a
3^

opposite to that of the prepotent tons ,n the tox,c oIt.o
•

An

approximately balanced condition of the opposite ton-act.ons: ths

secured • hence the restoration of favorable condmons, or the ant,-

oxc Action. Considerable space ts thus devoted below to a con-

s^ration of the changes due to direct action of the tons on the

loid: of the cell; th^e phenomena of swelling -d of coagu at.on

resultinc^ from such action are seen to have a definite influence on

he physiological activity of the cell, and antitoxic action >s shown to

consist' largdy in the counteraction of these changes tn the co o.d.

The differences between the physiological activities of the variou

ions and the relation of these differences to the physico-chemical

characteristics of the ions-migration-velocity, sign and num e

of charges, detachability of charge ^decomposition tension) -are also

considered at some length.

II. Method of Experimentation.

The ciliated epithelium of the gill filaments of MytiUis edulis. the

common mussel 'of the North Atlantic coast, was the -sue use

n.ostof the following experiments. The specimens of Mt.Us ee

in almost every instance collected on the day of the -^ -" ;^:"^^^^^

the animals undergo a somewhat rapid deterioration if kept in the

unn gwate; of the laboratory. The gill lamell. are --oved w,

scissor:, cutting close to the base of attachment; ^^^^^
filaments may then be easily separated from one another ^y ^J ^ ot

needles Each gill lamella is composed of a large number of bng
neeaies. 1. ^ connection by tufts

filaments with opposed flat faces kept in
thpre is thus

of short interlocking cilia (fil^branchiategil structure) here st^us

no fusion of adjacent filaments as in the higher moUusca, and
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filaments are easily separable from one another without injury. Such

isolated filaments are usually about a centimetre in length, and from

one-third to one-half milinietre in average breadth across the opposed

faces. They broaden slightly at their tips; the extremity of each

exhibits a bay or indentation, so that along the free border of the

lamella formed by the numerous closely applied filaments runs a well-

defined groove with rounded borders.

The outer surface of each filament is covered by a columnar ciliated

epithelium. The cilia are almost uniform in length along the outer

surface of each lamella, e.xcept at the margin of the above described

groove, where they are longer than elsewhere, and in the interior of

the groove, where they are several times shorter than over the general

surface. The direction of the effective beat is from above downward
(dorso-ventrally) along both surfaces of each lamella, and from be-

hind forward (/. c, toward the mouth) along the margins and in the

interior of the groove.

Filaments thus isolated may be kept in sea water, in which they

remain active and unaltered for an indefinite length of time. Micro-

scopic examination for the purposes of the following investigation was

made in watch glasses under a magnification of fifty to seventy-five

diameters. In e.xperimenting with a series of solutions my usual pro-

cedure has been as follows: a large number of filaments arc first of

all isolated and kept in watch glasses with sea water. Several fila-

ments are then transferred by forceps to a clean dry watch glass, the

filament being grasped at one extremity and removed from the sea

water in such a manner as to be freed of all but a very thin layer of

adhering sea water. The previously prepared solution {e.g.,'" NaCl,

etc.) is then added to the watch glass in measured quantity (usually

10 c.c), and the time of addition is noted. Examination may then

take place; or the procedure may be immediately repeated with the

next member of the series of solutions, and so on. If the filaments

are transferred to the successive members of a series of solutions at

regular intervals {e.g., of one minute), and the subsequent examina-

tions take place at corresponding intervals, all the solutions are

examined at equal intervals of time after the addition of the filaments.

This has been the usual practice with series containing a large num-
ber of solutions. In order to minimize error arising from variations

in the tissue, I have made use in every such series of filaments taken

from a single animal.
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III. Action df Puke Solutions of Various Salts.

Several preliminary determinations were made with pure f ;« solu-

tions of the alkali chlorides LiCl, NaCl. NH.Cl, and KCl on the g.U

filaments of three other species of bivalve mollusk
:

Pecten irrad.ans.

Venus mercenaria, and Mya arenaria. In all these animals the rela-

tive favorabihty of the four salts was the same as with Mytilus, and

seems indeed, so far as my observations extend, typical and charac-

teristic for the cilia of marine organisms in general. In pure
|
m

LiCl and NaCl movement ceases either instantly or withm a few

minutes (sooner in \ m LiCl); in | m NH.Cl movement is decidedly

more active and lasts much longer, -at least half an hour -- while

\ m KCl shows the favorable action so typical of solutions of Iv-salts,

Lvement lasting for several hours. The same order of increasing

favorability-Li. Na, NH„ and K-is seen in Mytilus. Since the

four o-enera are from widely different and representative orders, the

presumption is that this condition holds true at least for the gener-

ality of marine mollusca, if not of marine animals. Experiments

with pure %nt solutions of alkali earth chlorides showed a simi ar

general resemblance to the conditions met with in Mytilus. Rela-

Tively few experiments were made with the above forms, and the

remainder of the following investigation relates exclusively to Myti-

lus which is especially favorable on account of the structure of its

gills and the ease with which the animals may be obtained at all

periods of the year.
.

sodium salts. -The action of pure solutions of the following

sodium salts ^ in A m and '^ concentration was tested on the giU

filaments of Mytilus: NaF. NaCl, NaHr, Nal, NaClOg. NaNOg,

NaNOo. NaCNS, NaBrOg, NaCOOCHg, Na^SOg Na.,SO„ Na.,S,3U3,

Na,CJ-I,0,, Na3CeH,0,, Na.,HAsO,, Na,,HPO,, Na.Fe (CN),, In

eve'ry instance ciliary movement, which at first often shows con-

siderable activity, becomes rapidly slower, and as a rule is found to

have entirely ceased after fifteen minutes; the great majority ot cUia

are arrested within a much shorter period. Occasionally filaments

have been seen in which a few cilia have continued movement in

? NaCl for so Ion- as thirty minutes; this is e.xceptional, the rule

being rapid arrest. The more powerfully acting salts (Nal, NaBrO.,,

1 The salts used in the investigation were in nearly all instances Kal>lbaum's

purest preparations, and the concentrations were standardised in the case of deli-

quescent salts like CaCU, MgCI.,, etc.
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NaCNS ) produce a partial liquefaction of the ciliary substance similar

to that seen in Arenicola larva; in pure "' NaCI ; ' the cilia of Mytilus,

liowever, undergo this change less readily than those of Arenicola.

Thus pure solutions of rt// sodium salts produce a rapid arrest of

movement. The different salts act with unequal degrees of rapidity;

the short duration of the movement makes it difficult to range the

salts (or their anions) in the order of their toxicity; this can be done
better with salts of ammonium or of potassium in whose solutions

movement continues far longer. Nevertheless it is readily observed

that in solutions of sodium salts whose anions have markedly toxic

properties (as NaF, NaCNS, NaBrOg, NajHAsO^, NagSOg, etc. : see

below) movement is arrested distinctly more rapidly than in solu-

tions of NaCl, NaNOg, Na., tartrate, where the anions are relatively

non-toxic.

Potassium salts. — In pure solutions of almost all potassium salts

movement is from the first remarkably active and energetic, exhibit-

ing a peculiar rapid vibratory quality absent in other solutions;

vigorous activity may continue for many hours in solutions of salts

with non-toxic anions. The following table summarizes a number
of observations made with solutions of various potassium salts ; the

times given represent the maximum observed duration of movement
in "' solution.

TABLE I.

i" salt.
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It will be seen that in all but the solutions -'ith the more toxic

anions ( KF, KI. KCNS. K.HAsO,. K,HPO„ K,C,p, I>^^;^CN)„

movement continues for many hours. Even in ?' KI, k,C,0„ and

K Fe{CN). salts of considerable toxicity, movement may last tor two

or* three hours. -far longer than in the least injurious solutions of

sodium salts. The contrast with the sodium series is striking through-

out the potassium ion appears for some unascertained reason to be

stro'n-lv favorable to ciliary movement; this has been observed in

numerous other instances.' The explanation of this striking contrast

between the salts of two such closely related metals is unknown.

Rubidium and caesium bear a marked resemblance to potassium in

their relation to this form of protoplasmic activity. Lithium, on the

other hand, resembles sodium. It seems probable that the favorable

action of potassium, rubidium, caesium, and ammonium is correlated

with their relatively high ionic velocity.

Ammonium salts occupy an intermediate position in their relation

to ciliary movement ; movement is vigorous at first and lasts for a

considerable length of time. The following table gives the observed

maximum duration of movement in solutions of a number ot ammo-

nium salts :
—

T.A.BLE II.

Maximum observed duration
Salt. of movement.

NH,C1 60 m. +; 4.^ m.

NH.Hr 2Ini. +; 3 h. 45 m.

NH^NOj 2 1i.; 3 ii. 4,S m.

(NH4),S04 . . . • 5h.; 3 1i.

(Nll^Cc^IUOf, . . • .Sh.; 6h.; 4 h. 30 m.

(NIl4)",HP<), .... 3 m.; < 9 m.

(NHiljCoH.O, . . . 5 m.; 9 m. +.

Since the potassium ion has such remarkable action in sustaining

ciliary movement, we may regard the above varying results with

solutions of the pure salts as furnishing a certain indication of the

relative toxicities of the various anions in relation to this form of pro-

toplasmic activity. The following then appears: fluoride is rapid y

destructive. Chloride, bromide, and iodide show increase of toxicity

1 Cf my paper on .Arenicola -. Loc. cit. : also This journal, 1902. vii. p. 25 ;

Lokb ;

This journal, .900, iii, pp. 327, 383- KCl also sustains ciliary movement ,n Me-

Uidium, where it also induces reversal of stroke; NaCl appears more f-- ^bl

m

this form than in the animals I have studied. C/. Parkkr; Th,s journal, 1905.

xiii, p. I.
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with increase of molecular weight, or with decrease of decomposition

tension of the anion. Acetate and chlorate are similar to chloride,

and arrest movement only gradually. Nitrate is like bromide in

being somewhat less favorable than chloride. Sulphocyanate is rap-

idly destructive of ciliary movement. The above are monovalent

anions, and their relative to.xicities are probably fairly accurately

represented as above, since their concentrations in the above solutions

are almost alike. Sodium sulphate in dissociating yields partly the

bivalent SO^, and partly the monovalent NaSO^ anions; tartrate

undergoes an analosious dissociation. Both these salts resemble the

nitrate and bromide in their general action. O.Kalate is more toxic

than either. Citrate is in general more toxic than tartrate ; this is seen

also with sodium salts, and appears more clearly in the experiments

below on antito.\ic action (p. 104). Phosphate and arsenate are both

more toxic than the citrate; the presence of trivalent anions in these

last three solutions may account for a portion of the toxicity, though

this consideration fails to explain the more favorable action of the

citrate. It is somewhat surprising to find that movement, which at first

is active and apparently normal, may continue for so long as two or

three hours in the solutions of ferrocyanide. This fact, and also the

relatively slow action of potassium oxalate solutions, illustrate in a

striking manner the specific favorability of potassium salts (inferen-

tially of the K-ion) toward ciliary movement.

A further index of the relative toxicity of the various anions is

seen in the varied susceptibility of the different sodium salts to the

antagonizing or antitoxic action of salts of bivalent metals, especially

of magnesium. Later a further comparison of relative toxicities will

be made with these latter facts as a basis. The results of these two

independent methods of determination agree very closelv (see p. 107).

A further peculiarity of potassium salts is the fact that cilia will con-

tinue activity for long periods of time in strongly hypertonic solutions

of the pure salts. Thus in \i in solutions of the following salts,

KCl, KBr, KNO3, KCOOCH3, movement lasted for more than an

hour in each instance, and in w/-solutions of these salts and also of

KI, K,,C.,0^ and K.,C4H40,; active movement lasted for even longer

periods, — in the case of the less toxic salts for several hours.

Rubidium and caesium chlorides show a decided similarity to

potassium chloride in this respect as well as in their general action.

The following solutions were tested: —
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TAl'.l K in.

KiiMDiuM Chloride.

, ,, ^ ,- U)fu Ti-embline movements of cilia begin to appear at 3.+1.

RbC, 3.34, .vug. U,
^^J'^^^Z. is active and energetic; has almost ceasedI. m
At 4.03 movement is

"
cilia are fairly active at 6.2S (a /'•)•

.

3. ,V« K>'C,.3.36. Acti:e movement^, more favorable than Solution 2 ;

act.ve at 6.29

'
"'

,
, , , f,„.„rQMp swelUne and detachment

. A. Kbc,.3.37. •'-«n:;"r::::s:r:t;:;n -rfai^y -ve a. .30

, ^. RbC, 3.38. ActiS^rless than in Solution 4 a,Kl swelling is more marUed ;

• i»
cilia have almost ceased at 631 (j /'•)•

C.-EsuM Chloride.

, r-rx 3 48 Aug 17. Movement is well marked at 3.55. though slower than in

1. m C^Cl, 3.48, Aug. U^^
^^^^ ^^^ ^^^ ^^^^ ^ j.^^j^ ^j^^^ movement remains; has

ceased by 5.02 & m.).

I x: "SiS. M~y" :;tw:ri";r=::::e^::"5.S; ceased at .24

4. ^, ,„ CsCl. 3.51. FairlJ'active'nivement, ceasing somewhat sooner than iu Solution 3

, I r n 3 5^ ^t 3S movement is less active than in Solution 4, and cells show

5. ^ ,n CCl. 3.2. At
^-^^^^^^^^^^ ^^^,^„.„„ . ^,„^„,, „,,ed at 4.20 (.'.V »'.).

In ^ m and ^ m solutions of RbCl and CsCl the cells rapidly swell

and disinte<^ratL! and movement ceases in a few minutes.

Th a ion of RbCl seems thus closely similar to that of KCl.

CsQ n the solution employed, made from a supposedly pure prepa-

SSn:f Merck, appeared less favorable than ^^bC. though o he...

similar Potassium, rubidium, and caesium, according to the results

T c ted are thus decreasingly favorable to ciliary movement ,n he

order named ; all three, however, differ markedly from sodium and

lithimrXse salts in pure solution have almost no power of sus-

tainin'f ciliary movement. ,rainiiij, i-u.a ;.

j^ hand, and
The difference between k, NH,, Rb, Cs, on o

Na and Li on the other shows an interesting relation to thei

fe peTt^ve onic velocities. The absolute velocities of the K and

Nh! io- with a potential gradient of one volt per centimetre are

I In :•,,„ RbCl in another series of experiments movement lasted ... seven

hours; '-third series for more than uv^^^^^^^

^^^_^^ ^„^,,^^ ,„,,,,
s In another e.xperiment with ,5/// <-sv-i .nm

movement lasted for more than two and one-half hours.
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respectively .00067 and .00066, of \a and Li .000451 and .000347
centimetres per second. Rb and Cs, according to Boltwood's and
Bredig's determinations, have velocities almost identical with those
of K and NH^.' These four cations have thus velocities about one
and a half times greater than that of Xa ; the greater inertness of Li
as compared with Na shows a similar relation to lower ionic velocity.

The favorability of K, NH^, Rb, and Cs is thus apparently correlated
with a high ionic velocity. Their ready penetration into the con-
tractile tissue, as evidenced by the action of the above hypertonic
solutions, is possibly also to be explained on this ground.

Salts of the alkali earth metals. — In pure solutions of the alkali

earth chlorides within a certain range of concentration ciliary move-
ment may continue for very considerable periods. Calcium, barium,
and magnesium chlorides in concentrations ranging from ;„ in to

~ in permit movement to continue for many hours. Strontium
chloride differs somewhat curiously and unaccountably from calcium
chloride in that its pure neutral solutions quickly arrest movement.
This action, however, is readily counteracted by t le addition of small

TAliLE IV.

J\/ytiliis ediilis.

fff m CaCl.,. Movement ceases at once,

^ff m CaCU. 6 h. 38 m.
; 7 h. 2.i m. ; IS h. 1-4 m. ; 5 h. 17 m. + - ; 4 h. 4S in. ; 4 h. 43 m

IS m. ; 8 h. 46 m.

-^ m CaCl... 30 li. 26 m.
; 28 h. ; 23 h. 2.i m. ; 6 h. 27 m. -f (no movement at ne.xt obser-

vation, 24 h. later) ; 2.S h. 22 m. ; 19 h. 50 m. ; 19 h. 22 m.
ji,, m CaCl.. 30 h. 26 m, ; II h. 34 m.

tV '" MgCl.,. 40 m. ; 2 h. 37 m.

A m MgCl.,. 3 h. 2,> m. ; 2 h. ; 4 h. ; .^ h. 22 m ; 3 h.+
; 5 h. 19 m.-r ; S h. 49 m.

h '" MgClo. 2 li.+
; 4 h. 44 m. ; 5 h. 14 m. ; 5 h. 40 m.-f ; 8 h. 50 m.

1^ m MgCL. S h. 50 m. ; 4 h. 44 m.+.

SrCl... (Movement always ceases within 30 m.)

,"i5
ni SrCla. Ceased instantly in two cases observed.

^ m SrCl... m. ; S m. ; 22 m. ; 12 m'. ; 5 m.

^[T •" .SrClo. m. ; 29 m. ; 16 m. ; 25 m. ; 20 m.
\ "I SrCl.j. 20 m. (one observation).

,'b w, BaCl.^. 7 h. 39 m. ; 1 h. 3 m.

A '" HaCl.j. 7 h. 39 m. ; 2 h. 4 m. ; 4 li. 59 m. ; 4 h. 45 m.

A '" KaCL. 7 h. 39 m ; 5 h. 13 m. ; 32 m. ; 1 h. 2 m. ; 30 h. 25 m. ; 19 li. 38 m.
•fif
m UaCl... 7 li. 39 m.+

; 13 li. .56 m.

' Cf. Koim.kausch's tables.

- The + sian indicates that movement at the last observation was sutficlcntly

active to continue from one to several hours lonsrer.
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^^^^^'' u„.,o K,>pn made at various times

A large number of observat>ons have b n -de^^

during 1904 and «905. both at W^^H^^^^

results ot these ,
alter cdi-u

„,i ;,. thp different nstances.

e.hibi.i„s a ..-.Sly '-°-'",:'^ ° „'r 3 e« '>.. even ™od.

pure isotonic soU,t,o„. They d.Ber ,n H
movement

-="; ^Tr""ar= t:; , I?,:' S L, p:„e.«.e .^e

, • f thf. «nmp or sli<^htly ower osmotic pressure u.d.

solutions of the same or sn^n'.^y
opneral longer than

sea water calcium chloride sustains movement in general ,

magnesium chloride, and this salt than barium chloride-

f found the cilia of Mytilus galloprovinaalis in

^J^^^l^l^^^ j„

ant to the action of these solutions than those of MytUus eduh .

::: experiment movement lasted in ^^^ ^^-/^ rone-'hl^cd

j:S:^ons of mag^sium. calcium, ^nd banum d.ond he

rapidity of the action decreases in the order just g—- J
strontium chloride solutions no swelhng occurs on he o ra^y^^

^^^^

filaments undergo gradual coagulation
^^f^lv.lZ

coiliLt rur::; the ...1 meta. m e^ci.ng^a ..i^y n;-ed

cordancc with expectation. Ihe exceptio
j I„ its

chloride in pure solution, however -;i.-;^;;^^P;,t ^ esembles

antitoxic effectiveness in solutions of -'^"
^^^^ f .i.^y move-

calcium chloride ;
yet its pure isotonic solution destroys >
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ment in a few minutes, and slowly coagulates the gill filament. The
other metal of the group, beryllium, shows similar peculiarities in

having a strongly marked antitoxic action in low concentration, while
the pure ?' solution of its chloride is rapidly destructive of ciliary

movement and coagulates the gill filaments (see p. loi).

Action of pure solutions of heavy metal salts.— Experiments with
pure solutions of various heavy metal salts have also been tried.

With the exception of manganese they all arrest movement rapidly,

and cause a breakdown of the cilia due probably to coagulation of the
ciliary substance. All salts of trivalent metals (AICI3, Al^ (50^)3,
Cr.^(SO,).,, FeCla) are instantly destructive in isotonic or slightly

hypotonic solutions, and coagulate the filaments. In solutions of
many bivalent metal salts some movement may be possible at first;

this movement is of a peculiar quick vibratory character ; in most
cases it ceases within a few minutes. In solutions of manganese
chloride, and to a less degree of nickel and cobalt chlorides, it

may continue for a considerable length of time.

In pure isotonic solutions of beryllium chloride, of the alkali earth
group, movement is brought to rest within a few minutes, as with the
heavy metals. lieryllium, however, as will be seen below, possesses
strong antitoxic action. In six trials with f MnCU, at different times
and with different animals, the maximum observed durations of move-
ment were as follows: sixty-four, forty, and seventy minutes; four
hours

;
three hours and ten minutes ; four hours and forty-nine

minutes; movement is active and energetic at first, as in solutions
of magnesium or calcium chloride. ".', CoCl.j and NiCU also permit
movement to continue for some little time; in one instance a trace
of movement was observed in a '" NiCl.^ solution after thirty-two
minutes

;
as a rule all movement ceases in these solutions within

ten minutes. In "^ CdCl.^ and "! ZnSO^ active vibratory movements
occur at first, but cease within two to three minutes; BeCI., acts
similarly; while no movement could be seen in solutions of c'u, Pb,
UO.^, and Hg salts.

MauLianese thus acts similarly to the alkali earth metals, especially
magnesium, as seen in its effectiveness as an antitoxic agent with Na
salts; a further resemblance consists in the fact that in its solutions
the ciliated cells gradually swell and are detached, while in all other
solutions of heavy metal salts the filament soon becomes white and
opaque as a result of coagulation. These peculiarities of manganese
are probably to be brought into relation with the high decomposition
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f » i.n ^n-oS volts in N-solution ) ;
in this respect it

tens.on of >^^ -"
^°-,t\t% metab, and resen^bles the more

greatly exceeds ^e o her hea y
j^,„„ laon tension of

favorable bivalent metals, Ca, i^a, i\i«, u c

whose ions is, however, considerably greater.

IV ANTITOXIC ACTION OK SaLTS OP B.VALKNT MeTALS.

salts of the majority of bivalent^ta. have-- ^j^^-

\ Thf most effective are the alkali earth metals, which, as seen

r::-aJ":r^st poisonous in ^^^^^--j:::^:^

r:irreSr:Si:J=:s^ "-. c^^"^^-
^-t

-'
^: '^:: ::S:V) summaries the results of two independent

TABLE V

o ^ N.Cl+'"Sra,
Activeatfirst;ceasessooner.haninSoluUonl:lbm.(A)

4. ^, « NaCl + „5 MgCl, A
^^^^^^^^^^^ ^ ^ ^ ^^ ^^ ^^^^ ^_^^ 3 ^ ^^ „).

., ^, ^ ". R.ri Active and prolonged movement, lastmg (A) 4 h 31 m.

5.
,e„ „, NaCl + „5 BeCl,.

^^'^^^^^j^^ \ ,, j „.^ ^^d in a third determmat.on on

another animal, 5 h. 20 m.

^, ". 7 <;n (^1 Kairlv active movement after IS m.
;
has ceased

6. (^ m NaCl + V?5 ^-^O, (A)

J^-^'^^^^^
. ^j,^ ^^5^,^ ^,,i,, ,f,er 19 m. ; ceased

within 35 m. (A) IS m. + i
(B) 19 m. +.

K : 19 m.)-
,, ,„ ,

X, .'1 J. -" rd NO 1 Fssentially like Solution 7 (A, 64 m.
;

B, l-* m).

8. f, ,n NaU + ^ Cd NO,), l- e

^^^^^ ^^ ^ ^^^^^ ^^^ determn,at,on, IS m.).

?. \
'"

NaC I
"'

N C r A tivl at first : lasts (A) 21 m.
;

(B) 53.5 m.

11. ^, ,„ NaCl + „5 CoU.. A'
longed ; ,'?, CuSO,, same result.

12. ft « NaC + . -0 Cue ,
J""^^"

^^ ^J. „,„„,„ent slightly prolonged :

13. ft ,„ NaCl + i% PbCl.
1 -';y

J=^"[^) i„ ,,,, u.an IS m.
;
(B) in about 20 m.

14. ft ,n NaCl + ^^ UO,(NO,)... Movement not prolonged.
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series of determinations (A and Bj with salts of various bivalent

metals. The salts were added so as to be present in the solution

(,'•-, III NaCl) in /J„ concentration.

Another .series of determinations, chiefly with heavy metal salts,

was made at four different concentrations with the results embodied
in the following table (VI). The salts were added t.' f- m NaCl in

the concentrations indicated.

T.\KLK VI.

.Salt
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TABLE VII.

, ." M ri + " FeSO. Vigorous movement at first ;
almost ceased after 1+ m. (««)•

•Ivnt^FesS ActL movement: a little after 14 m.(;^ «:.+).

2. 5 NaCI + 3,5 tebU4. acuvc
^^ _,y ,^, ^

3. ^-NaCl+rii'.FeSO,. V.gorous movement a, »^e at r

^^^^^ ^ ^ ^^ ^
4 1' NaCl + ."U FeSO^. Vigorous movement

,
remam. ta.ny

{Ih.^l "'.)

5 "' NaCl 4- ^ FeSO,. A little movement after 1 h. 2.S n. U /'• -'-^ "').

6. I Nacl XX FeSO. Fair movement after 1 h. ZS m. H >. Jo »<)

In general the results of the above determinations agree son.ewhat

, , >h thn^e obtained with the larvje of Arenicola :

'
Cu and

UrtTno ev ence oHntitoxic action/^ while of the others the de-

^S oi an"i oxic efficiency seems partly correlated w.th t e decompo^

i^L tension of the cation, those in which this value ^^^^J^
hPinc. the least poisonous and the most efficient as ant toxic agents.

T flVIn s ^e most favorable of the heavy metals- then comes

Fe then Co and Ni, of which Co is distinctly the more avorable,

fhen Zn and Cd, which here again are more poisonous than corre^

Iponds to their position in the scale of decomposition tensions
;
Pb

'^oite^Sliu S^h t:^ns it ,s to be noted that in low concentra-

tion i nd ess) Be and Mg have most effect in prolongmg move-

r"t nrpore NaCl solutions! i. c, their antitoxic efficiency m low

To entratio-^s is greater than that of Ca Ba, or Sr in t e same con-

centrations, in ^^^^—ncei^anons l^e^i^e^e^ ^and.

as seen above, in pure solutions ot ,„ m lo
,

sustains movement longer than MgCl,. ^r appears sun ih. to Cn
its antitoxic action in low concentrations, while Ba is on the whole

'Ir^ llrabie than either ^ and approaches Mg, ^^ough wtt out bemg

so favorable. The following table, XII, summar.zes the re^"!
^

of a

series of experiments in which Ca, Ba, and Sr are used w,th ', Nad

:oughout a wide range of concentration. SrCl, is ere most c^

tive in low concentrations (-) ; at higher concentration '^s spec he

toxicity obscures its antitoxic action. This .s not the case w,th the

other two salts.

in the case of the Ctenophore swimming plate.

< Compare the conditions in Arenicola, Loc. ,//., p- A^-^-
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TAIiLE VIII.

Composilion o£



perhaps regard capability of antagonizing tlie pure sodium salt as one

p'perty. a^d the Tpedfic toxicity of the salt itself as anot er, to a ce.

tain decree independent of the f^rst. Hence many salts wl.ch n

moderate concentrations are instantly destructive oChary act vay

act favorably at low concentrations. The case of bery hum and of the

favorable heavy and trivalent metals exemplifies this (see Table XV).

Evidently a salt, in order to exhibit well-marked antitox.c acuon

must be capable of so acting at concentrations :n wh.ch Us d.rectly

toxic action is relatively slight ; otherwise the latter may prevent the

antitoxic action from becoming evident.

On the whole it seems best, in comparing the antito.x.c powers ot

the bivalent cations, to take as basis of comparison the optnmim for

each cation, /. .., to compare their relative efficiencies in those concen-

trations at which each acts most favorably. If we regard as criterion

the oreatest antitoxic action of which the cation is capable at any

concentration, the order of relative effectiveness in ^he case of Be

and the above heavy metals runs somewhat as follows :
Be, Mn, Y^ ,

Co, Ni, Cd. Zn, Pb, Cu, U0„ Hg. A more exact estimate is not

possible on the basis of the above observations. The order, it w.llTDe

noted, is essentially that of increasing toxicity ; /. ... the more toxic

a metal is the less likely .are its salts to exhibit well-marked antitoxic

action. The order is also in general that of decreasing decomposi-

tion tensions. ^ ^ »

Relation of the anion of the sodinm salt to the possibility and extent

of antitoxic action. -The nature of the cation is thus of prime im-

portance in the antitoxic action of any salt. When to a solution of a

given sodium salt is added a quantity of another sodium salt with a

different anion, in general no antitoxic effect is seen
; /.

r., anions

do not counteract the toxicity of the pure sodium salt. Anions and

cations thus exhibit opposite actions in this relation. It is, however

important to note that the different sodium salts exhibit very unequal

capabilities of being thus antagonized; in the case of solutions of cer-

tain sodium salts (NaF, NaCNS, NaBr03, Na.,HPO,), the addition

of a salt with an efficient cation (as Mg), even in the most favorable

1 The addition of .small quantities of alkali may, however, favor ciliary niove-

ment for a time, even though it accelerates the disintegration of the t.ssue. Salts

like Na.CrO. and KMnO, seem to offer an exception to the ^^^ovc rule .mce,„ low

concent'rations they may exhibit a distinct antitoxic action (see below 1
•'b^^X V

I
>

This is to be regarded as due to tlie presence in such solutions ot Mn- and C,-.ons

of high valence: and is really a cation effect (see Mathews :
This journal, .904.

xi, p. 237).
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concentrations, may have but slight or imperceptible action. Or,

with other salts (Xal, Na.^S04), "'^ antagonizing cation must be

present in much higher concentrations than with NaCl in order to

produce the same antitoxic effect.

The following determinations were made in order to ascertain the

relative capabilities of the various sodium salts of being antagonized

by addition of salts of magnesium, the most efficient cation for this

purpose. MgCl.j (in '." solution) was added to "' solutions of the

salts till present to a concentration of '"._ (in general an approximately

optimum concentration for antitoxic action with this salt).' The
determinations were repeated on another animal in the case of the

more toxic salts (Series B in Table IX).

TABLE IX.

1. j" NaF + jj MgCl.j (sliglit precipitate of MgF.,). Movement ceases soon. Xo move-

ment after 10 m. Result negative.

2. 2 NaCl + 2'; MgCI... Vigorous and prolonged movement ; still active after Sj h.

;

ceased by 4S h. (55 k. +).

3. 2" NaBr -f j; MgCl.j. Vigorous movement , considerable activity remains after 4S h.
'

{iSh.).

4. 2" NaT + j't MgCl.j. Vigorous movement at first; cells swell and detach somewhat
rapidly. Movement is active after 3 h. 57 in.; has ceased by 6 h-

^. 2" NaNOj + 25 WgCl.j. Vigorous movement as in NaCl ; almo,';t ceased after 17 h.

53 m. {IS h ).

6. 2" NaClOj + ,"i MgClo. Vigorous movement ; a little movement after 4S h. 3 m.

'as h.).

'

7. 2" NaBrOg -f j'i MgCl.,. (.V) active movement at first; ceases relatively soon; almost

ceased after 2 h. 1 m. (I!) active at first; almost ceased by 50 m. (.\:

^//. ; B: 5fci m.).

5. j" NaCOOCH, + ^'i MgCl..,. Active after 8 h. 27 m.; has ceased hv 22 h. (5 //.

«•»/.+).

9. NaCNS + 2". MgCU. (A) movement has almost ceased after 40 m. (in control —
pure I NaCNS — has entirely ceased in less than 10 m.). (B) move-

ment is le.ss vigorous than in solution 7 B ; a little remains after 1 h. 9 m.

(A: iO m.\ B; 1 h. m).
10. 2" Na^SO^ -)- 35 MgCI.^. Movement is still active after 6 h. 42 m. ; has ceased after

21 h. (r,'h.i2m. + ).

11. '_" Na._,C4ll40|i -(- 2'!; MgCU. Vigorous movement at first; is still active after 3 h.

48 m. ; has ceased after S h. (3 h. 4S m. +).

12. 2" NaaCoHjjO; + j', MgCl,. Moveinent lasts a short time only ; is well marked after

10 m. ; has ceased after 40 m. {lf> ni.+).

13. 7 Na.jlll'Oj 4- MgCl.j (precipitate of phosphate). (A) a little movement after 50 m.

;

has ceased by 1 h. 45 m. (in control — pure 'J Na._,Hrc>, — has entirely

ceased after 6 m.). (B) fairly active at 6rst; has almost ceased after

1 h. 9 m. (A : 50 m. -f- ; B : i A. U m.).

' C/- Tabic .\I on p. loQ.witl; NaCl,Xal>r,and NaI,4->rgCl.j in graded proportions.
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TAHLE IX (continue;/).

14 "• Na.Fe(CN)„ + i'^
MgCl... (A) movement remains fairly active after 1

h. 40 m ;

14. ,
Na,Fe(C.

';;

+
- J ^f,,, ^ ,,. 15 „, (e.uirely ceased in contro m less than W^^^^^^

(B) active at first; has almost ceased after 1 h. 9 m. (A . 1 h. iO'".,

]i: lli.O m.).

ic "' Vo S-p^rN^, 4- 4" MeCl.,. Ceases at once.
15. 5 Na3fe(V.iN;o-t-2a "B^ -

. rnnsiderable movement remanis

16. S' Na.,HAs04 + MgCl., (arsenate precipitate). (A) considerab e mo
_

' "
after 40 m. ; ceased after 1 h. (in control -pure ^ Na.,HAsO, ceases

within 5 m.). (B) movement is fairly active after IS m.
;

has ceased after

25 m (A: 40 m.; B: 15 m.-SO in.).
_^

17 "' NaNO 4- 4'i MgClo. (A) active at first ; has almost ceased after 1 h. .0 m. (has

17. . N=^NO,+ „MgC.JJ.^^^^^^^_^_^^^^^^^_^^ ,B) movement is somewhat slow;

has almost ceased after 1 h. 10 m. (A ; 1 h. 53 m. ;
B :

i /5. W «;.).

18. ? Na,S.,03 +'?MgCl... Vigorous movement ; is active after 3 h. 38 m.
;

has ceased

by 8 h. (S h. SS m.+). „

10 '" Na SO + /moC. (A) active movement at first ;
has almost ceased after 30 m.

19. , ^^^SO^-^,,^.^!^^^^.^^
>^^^^^ ^.^^.^ J ^^^ ,„, considerable movement after

25 m. ; has ceased after 40 m. (A : SO m. ;
B : 5a >n. +).

Two Other series of determinations on different animals, using the

following salts with ^, MgCl,, gave the results summarized in the

following table (X)

:

TABLE X.

1. ? NaF + ^ MgCl,,. Movement is not perceptibly prolonged.
^^ ^ ^^

2. ? NaCH- 41, MgClj. Active long-contmned movement (A. 1/ n. ..- m.,

3. ;;' NaBr 4-
^'i

MgCl.j. Active long-continued movement ( A : 4 '' ~0 m. 4-
;

B
;
In h.

4 ? NaH- ^ MgCU.*' Movement is active at first ; ceases relatively soon (A -.11. 15 ,«.

;

- ^
B : active after 35 m ; has ceased at next examination after 2 h. .8 m.

5 '" XaNO, + I'Mgct. Active movement in both series after 4 h
;
has ceased after

,. ,
NaN03 + . ^g^^.^ ^_ ^ respectively ( A : 4 ': 20 ,n. + ; B : .^ /;. « « +)•

6 "'NaC10, + 4'iMgCl... Active movement at first as in NaCl. (.M has almost ceased

7. ;; NaBrO, + i'i
MgCl.,. (A) movement ceases relatively --; (<!;;>

eeasL"X
ment feeble and cea.ses soon ; a little movement after 16 m.

,

ceased alter

3S m. (A : < 15 m. ; B : 76 «/.).

8. ;" NaCOOCH, + i'i
MgCl,. (A) Active movement ;

still remains c,n,te ac..« after

4h. 20 m. (B) similar; movement lasts longer than m A (A. 4 n.

20 m. 4- ; B : 75 /(. 4S m.).
. ,

q - NiCNS 4- ^ MgClo. Movement is slow ;
(A) a little movement rem^tins after 1

h.

9. , NaCNS. 4-

^^
^g ^.^ ^^^^^^^ ^^ ^ ^ ^^ _^^ ^ ,,^ ^^^^^^ .

, < 35 m. ( A : ; k. V> m. ,

10 "' Na SO. 4- 1 MgcL^' Active movement at first. (A) has largely ceased after 2 h.

mains after 2 h. 35 m. (A : .' //. IS m. ;
B ;

J A. .3.' '«•)•
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TAIIIJ-; X (conlinued).

11. y NajC4H408 + J5 MgCL. Active movement at first; has almost ceased after

(A) 3 It. le m. and (B) S h. .?.5 m.

12. j' Na3C„H;07 + jT( MgCl.j. (A) active movement after 17 m. ; has largely ceased

after 35 m. ; no movement remains after 1 h. 35 m. (B) has almost ceased

after 16 m. (A : 35 m. ; B: IG «;.).

13. '." NajlIPO, + jjj MgCI.,. Movement ceases in both series in less than 15 m. (A;

13 <m.; li: < 15 /».).

14. J NajFe {CN)o + jj MgCl.,. Movement ceases in both series in less than 15 m.

(A : <15 m.; B : < 15 m.

It will be seen that in all the solutions of the last two tables a cer-

tain degree of antitoxic action is evident, with the exception of the

fluoride and the ferricyanide. The effect is relatively slight with

solutions of the citrate, phosphate, arsenate, ferrocyanide, sulpho-

cyanate, nitrite, bromate, and sulphite; somewhat more marked with

the iodide, and well marked with the chloride, bromide, nitrate, chlo-

rate, acetate, sulphate, and tartrate. Using as criterion the degree

to which MgCl.j in the above concentrations can counteract the inju-

rious action of the pure salt solution, we may range the salts in their

order of toxicity somewhat as follows : The chloride, bromide, chlo-

rate, nitrate, and acetate among the salts with monovalent anions

may be antagonized with almost equal readiness, although nitrate and

acetate appear in the above experiments somewhat less favorable than

the other three. The iodide is distinctly less favorable than the salts

just named ; the bromate, nitrite, and sulphocyanate can be antago-

nized only slightly, and the fluoride not at all. Of salts with bivalent

anions, — sulphate, thiosulphate, and tartrate are in general similar to

one another, and comparable to nitrate in their action ; sulphite is

distinctly more toxic, and is not readily antagonized. Of the salts with

trivalent and tetravalent anions, all show a relative insusceptibility to

the antitoxic influence of the MgCl., in these concentrations ; this

may be due in the case of the above experiments to the presence of

an insufficiency of the antitoxic salt. It is nevertheless somewhat

surprising that in solutions of salts like arsenate and ferrocyanide the

presence of magnesium chloride markedly diminishes the toxicityi

especially in the latter instance. Phosphate is less toxic than arse-

nate, according to the above determinations. In comparing these

results with those observed in pure solutions of potassium salts, it will

be seen that the order of toxicity of the anions is practically the same

in both series. For tiie series of monovalent salts, the order of in-
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creasin- toxicity corresponds closely with that of increasing activity

in producing swelling of the ciliated cells. This, however, is not true

of salts with plurivalent anions, many of which (arsenate, phosphate,

ferrocyanide, citrate) are strongly toxic-/, c arrest movement rap-

idly in pure solution, and are not readily antagonized ^- without pro-

ducing noteworthy swelling. The behavior of the monovalent salts

indicates, howeve.', that at least part of their toxicity is due to their

producing a swelling of the cell ;
prevention of this action by action

of various cations has the effect of counteracting the toxicity to a

..reater or less degree (see below. Section VII). The unequal toxicity

of the various anions is thus to be ascribed largely to the inequality

of their action in producing physical alterations in the contractile

substance.

Variations in optimum proportion of antitoxic salt with variation m

anion of toxic salt. - Indications are seen in the above tables that the

optimum proportion of MgCl, varies with the anion of the toxic salt.

One mi-ht expect that the salts with the more energetically acting

anions would require higher proportions of MgCl., for counteraction

of their toxic action. With a view to determining it this is so, the

following series of determinations were made with the four sodium

salts, chloride, bromide, iodide (with monovalent anions of increas-

ingly powerful action as shown by the typical swelling action), and

sulphate (with typical bivalent anion). (Table XI.)

All the gill filaments used in this series were taken from the same

animal. In every solution, with the exception of the pure sodium

salts, movement was active, and continued for several hours.

The difference between iodide and sulphate on the one hand, and

chloride and bromide on the other, proved well marked, the former two

being distinctly less favorable. In the iodide swelling and detachment

of cells take place with much greater rapidity than in the other solu-

tions, and the comparatively great toxicity of this salt is, in all prob-

ability, largely due to this action.

The differences between the anions CI, Br, and I are in general as

follows : In their power of producing swelling there is a progressive

increase with increase of atomic weight, or decrease of decomposi-

tion tension. The most favorable concentration of MgCl, for anti-

toxic action was lower with NaCl than with NaBr, and with

NaHr than with Nal. With Na.,SO, the optimum proportion of

MgCU was apparently almost the same as with Nal. In both

Na2S64 and Xal duration of movement proved much shorter than
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with \aCl or XaBr; this agrees with the results of the previous

determinations (cf. also the series with K-salts). In general the fol-

TAI'.LE XI.

Solution. A. XaCl.

1. " Pure " salt

2. 95 V. salt

5 V. j' MgCl;

3. 90 V. salt

lOv. 'j'MgCl..

4. SO V. salt

20 V. V MgCl.

5. 70 V. salt

30v. -j'-MgClo

6. 60 V. salt

40v. i-MgClo

7. SO V. salt

50v.5'MgClo

S. 40 V. salt

60v. yMgCl.,

9. 30 V. salt

70 V. ;;' MgCl.,

10. 20 V. salt

SO v.;- MgCl.,

11. 10 V. salt

90 V.
J'
MgCl;

12. pureyMgCU

No movement
and a little swell-

ing after 2 h.

Movement al-

most ceased af-

ter 30 li. 52 m.
[30 A. 53 m.).

Like 2 A [SO A.

53 m.).

Like 3 A [30 h.

52 »/.).

H. XaLr.

Ceased after

30 h. Fairly ac-

tive after 19 h.

45 m. [ID A. 45
m. +).
Like 5 A (19 A.

45 m.+).

Fair movement
after 19h. 45 ni

;

less favorable
than 6 A (19 A.

45 »/.}.

Almost ceased
by 19 h. 45 m.;
less favorable
than 7 A [19 A.

45 /«.).

Ceased by 19 h.

45 m. ; fairly ac-

tive after 7 h. 55

m.[7A.55m.+).

Like 9 A [7 A.

55 /«.).

Like 10 A [7 A.

55 »!.).

Active after 5

h. 40 m. ; ceased
by 7 h. 55 m.
(•; /i. 40 m.).

C. Nal.

Many cells
rounded and de-

tached after 2 h.

Fairly active
movement after

44 h. [44 A.).

Like 2B(44 A.

28 m.).

A little move-
ment after 44 h.

28 m. [44 A. 28

Like 4 B (44 A.

2S m.).

Trace move-
ment after 44 h.

2Sm.(^ *.-'*«/.].

Less favorable
than 6 B. ; little

movement after

30h. 57 m. (50/;.

57 m. +).
Trace move-
ment after 30 h.

hlm.[30A.57m.).

Less favorable

than S B; fair

movement after

20 h. 37 m. (2ii A.

37 m.).

A little move-
ment after 20 h.

Zlm.(.'iiA.57»i.].

Ceased by 20 h.

37 m. ; fairly ac-

tive after 7 h.

53 m. (7" /;. 53
'«. +)

D. Na.jS04.

Swelling and
detachment af-

ter 2 h.> Nal5r.

Considerable
movement after

7 h. 51 m. (7 A.

51 fa.).

Like 2 C (7 -4.

j

51 m.).

Considerable
movement after

7 h. 51 m. (7 /;.

51 m.).

Active move-
ment after 7 h.

52 m. (7 A. 5S
m.-f ).

Active after 7

h. 53 m.
53 m.+).
Like 6 C

5Sm.~).

(7 /,.

[7 A.

Active after
7 h. 53 m. (7 /;.

53 /«.).

Somewhat less

active than S C
after 7 h. 53 m.
[7 A. 53 m.).

Fair movement
after 7 h. hi m.
(7 /;. 53 »;.).

Fair movement
after 7 h. 53 m.
(7 /i.5Sm.).

Swelling and
detachment af-

ter 2 h. ca. as in

NaBr.
Fair movement

after 7 h. 53 m.
(7 /i.SSm.).

Like 2 D (7 A.

53 »!.).

Like 3 D (7 /;.

53 m.).

Active after 7
h. 53 m. (7 //.

53 m. 4-).

Like 5 D (7 /;.

53 m.+).

Vigorous move-
ment after 7 h.

52 m. (7 A. 52
m.+).

Somewhat less

active than 7 O
after 7 h. 52 m.
(7 A.52 m. + ).

Fair movement
after 7 h. 52 m.
(7 A. 5,.' m.).

Fair movement
after 7 h. 52 m.
[7 A.52 m.).

Fair movement
after 7 h. 52 m.
(7 /;. 52 m.).

lowing is indicated as a result of this and the foregoing experiments;

(O that the more powerfully acting anions require higher proportions
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of the antitoxic cation for favorable action; and (2) that the more

toxic anions can be counteracted to a less degree than the less tox.c.

In experiments on the antitoxic action of the hydrogen .on similar re-

lations appear (see below, Table XIII, p. 114)-

Antitoxic action in relation to salts of other alkaU metals. - Sodium

salts are peculiar in that their toxicity, strongly marked in pure so u-

tion, is so readily diminished or counteracted by the presence of rela-

tively small quantities of plurivalent metallic salts, especially those

of the alkali earths. This peculiarity is shared to a certain degree by

lithium salts, as the table given below will illustrate. Potassium and

ammonium salts (and presumably those of rubidium and c.xsium

which resemble potassium), on the other hand, seem practically devoid

of it so far as my observation has extended.^

These facts constitute another exemplification of the importance of

sodium salts in contractile processes, and of their partial replaceabdity

by lithium salts, though not by salts of the other alkali metals The

rule that this form of antitoxic action is confined to salts of these

metals does not necessarily apply to other than contractile processes ;

thus the toxicity of potassium salts for early stages of developing eggs

can be partly counteracted by addition of salts of bivalent metals.-

TABLE XII.

1 '"
I iCl Dure. Movement ceases almost instantly.

2. -^^IZZ r LiCl ^ 10 volumes , MgCl. Movement is feeble, but lasts some t.me ,

has almost ceased after 1 h. 58 m. (2 //.).
^.

,
. , , i;,fle

3. SO V. S' LiCl + 20 V. S-
MgCl.,. Somewhat more favorable than bolufon 2, a h.tle

movement after 1 h. 58 m. (^ h.). .

, , „ ,„ ;„ c„i,,

4 70 V "i LiCl + 30 V. :; MgCl.,. Movement is sluggish, but lasts longer than in Solu

tion 3 ; a little remains after 4 h. 20 m. (4 /' 20 ;«.).

; r,n v "'
\ iCl + 40 v %' McCl.,. Like Solution 4 (4 /;. 20 m.).

_

I S :: \ lS lt:\ MgcC Sluggisn movement. lasting longer than ,n SoluUon ,

7. 40 V. r LiCl
+'«'.!' MgCl,. Somewhat more favorable than Solution 6 (4

h.

8. 30 V. i'
LiCl fyo'v""? MgCI., Movement is more active than in Solution 7 ;

lasts

longer than 5 h. (5 /). +)

9. 20 V. ? LiCl 4- 80 v. V MgCl... Like Solution 8 (-5 h. +>•

in in V '" I iCl 4- 90 v. S' MfiCl.,. Movement is fairly active (<*/(.)•
.

n!
!°

re \ MgClt. Mo^^-e'„t is much more rapiU than in solutions containing Li.-is

quick and vibrating (5 /(. 4-)-

. These statements also hold true of the Ctenophore swimminj; plate, in which

the toxic y of sodium, and, to a less degree, of lithium .salts can be count -

actedllsby MgCl..:\vhile potassium and ammonium salts show no such sus-

ceptibility.

2
Cf. LoEii : This journal, 1900, iii, p- 383-

k
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1

For cilia, however, and for the Ctenophore swimming plates

which are modified cilia, I have found this relation to hold constant.

Table XII summarizes the results of a series of experiments with

mixtures of LiCl and MgCl.,.

Ciliary movement is sluggish and wavy in solutions containing

lithium salts, the Li-ion being evidently less favorable to contractility

than the Na-ion. Antitoxic action is typical, however, the addition

of relatively small quantities of RlgCl^ prolonging movement greatly

;

the conditions become increasingly favorable with decrease in the

concentration of LiCl and increase of MgCl.,.

In similar mixtures of NH^Cl + WgCl.,, and KCl + MgClo no such

distinct antitoxic action is seen. With NH^Cl, the later members of

the series (those in which MgClj preponderates) are more favorable

than the earlier, — MgCl., being specifically more favorable than

NH^Cl; but there is no typical antagonization of the alkali salt by a

relatively small proportion of the bivalent salt. The case is similar

with KCl 4- MgCl.,: duration of movement is not prolonged over that

in pure KCl solutions, whatever the proportions of the salts in the

mixture.

A further series of experiments was performed using solutions of

several of the more toxic potassium salts with a view to determining

if the well-marked toxicity shown by these (in contrast to KCl, KBr,

etc.) could be diminished by the presence of magnesium. The
following salts were used in {!' concentration : KF, KCNS, KI,

K._>C.^04, K.^HAs04, each salt being used first in pure solution and

then after the addition of MgClc to ~ concentration (9 volumes

K, salt + I volume f MgCl.^). It was found that although the addi-

tion of the MgCI.^ seemed to effect a slight improvement in the con-

ditions, no decisive antitoxic action appeared in any instance. This

result is in striking contrast with that obtained with the correspond-

ing sodium salts. The difierence must be attributed to some specific

peculiarity of the Na-ion.

V. Antitoxic Action of Monovalent Cations, and especi.allv

OF THE Hydrogen Ion, on Solutions of Sodium Salts.

The addition of another alkali metal salt, such as ammonium or

potassium chloride, to a pure sodium chloride solution has no dis-

tinctly favorable action until the former salt attains such high concen-

tration in the mixture that its specific favorability overbalances the
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injurious action of the sodium salt. This result is typical
;

the alkali

metal cations are without distinct antitoxic action in the above defined

sense This lack of such action is probably due not so much to the

monovalence of these ions as to their high decomposition tension,

which as Mathews' results indicate, seems correlated with relative

physiological inactivity. Other monovalent cations, as Ag and the

H-ion possess powerful physiological action, and their behavior in

the present relation is accordingly different from that of the alkali

metals. Silver salts, however, although their presence in low con-

centration prevents swelling and gives certain other indications of

antito.xic action, do not prolong ciliary movement m Myt.lus
;
Ag

acts similarly to Hg ; the specific toxicity of both metals is such that

the concentrations necessary for antitoxic action are rapidly iatal to

the tissue. Thus, in a series of solutions of Na.,SO,. to which AgXOj

had been added in concentrations ranging from {'^^ to s^rfi^-
^^^""^

was no effect in prolonging movement in any solution ;
the filaments

were coagulated in concentrations of ^^, and above; below this

concentration there was well-marked effect in preventing swelling,

but ciliary activity ceased in all solutions within ten minutes. Silver

salts thus proved ineffective in my experiments on the Mytilus gill.

Silver, however, as well as mercury, has in low concentrations a well-

marked antitoxic action on the Ctenophore swimming plate
;
with

this tissue the most favorable concentrations were very low, ranging

frnm -^™— to —^^^
. Whether or not it is capable of so acting ap-

irOIU
J 1,

'" Soon 00

pears thus to depend on the nature of the tissue.

The hydrogen-ion (or dilute acid) has, on the other hand, a very

distinct though not strongly pronounced antitoxic action on the ciha

of the Mytilus gill. This has been determined for a number of sodium

salts; the action is always found in low concentrations, ranging from

ca -'" to ,^ „. Since the action of dilute acid presents certain

defi'ni'te characteristics that appear to throw light on the general na-

ture of the antitoxic action of salts, the results of these experiments

will be presented in some detail.

Table XIII tabulates the results of several series of experi-

ments with various monovalent sodium salts (and Na^SO^) in A '«

and '? concentrations. Standardized HCl solution was added to the

salt Solutions in the proportions represented.' The character of the

1 / . , tl,e acid is diluted by addition of the solution to the degree represented.

The figures thus simply designate the solution, without considering any inter-

action between the salt and the acid. Of ?ourse this last act.on must be taken

into account in interpreting the observed phenomena.
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movement, its duration in the solution, and the swelling or anti-

swelling (coagulative) action of the latter are the chief data recorded.
In the series with each salt there is seen, first, a certain range of

HCi concentration in which the movement ceases sooner than in the
pure solution and the filament undergoes coagulation; then a rano-e

in which movement is decidedly prolonged and in which some swell-

ing, though less than in the pure solution, may occur ; and finally a

range of concentration in which there is seen little or no difference

from the pure solution. The optimum concentration of HCI thus va-

ries in highly characteristic manner for each salt. A relation is seen
between the anti-swelling action of the H-ion (or of the acid, disre-

garding the terms of the ionic theory) and its action in prolonging
movement. This relation gives a certain indication of the nature of

the antitoxic action
; it seems due, in part at least, to the prevention

of the swelling or disintegrative action of the pure salt solution.

In Table XIII each vertical column gives the results of a series

of determinations with the salt designated. The horizontal columns
give the data for different salt solutions to which the same quantity
of acid has been added.

According to the determinations in Table XIII the optimum propor-
tion of HCI for NaCl is lower than for NaBr, lying in the former case
below ^^^ and in the latter between ,^';,„ and ,;';^. In order to de-
termine more precisely the most favorable proportion for each of these
salts, I made two series of determinations in which the proportion of
acid was gradually decreased in the successive members of the series.

HCI was added to the {\ in NaCl and proportions ranging from

i7^~u^ to'"'^- ;niT7rs (^^ follows: .0001 w/, .00009 '«- -OoooS m, .00007 '«.

.00006 w, .00005 '«. -00004 '«. .00003 '«)• ^"d to ;'„ in NaBr in eight
similarly graded proportions between ^ and .v/. g^ (.0004";;/,

.00036 w, .00032;;/, .00028 ;;;, .00024 ;;;, .0002 ;;;, .OOO16 ;;/,

.00012 III). With ;•, in XaCl .00009 '« HCI just sufficed to prevent
swelling, and the most favorable concentrations were .00006 ;;/ and
.00005 "'. which check swelling considerably without wholly prevent-
ing it; in these solutions movement was vigorous at first and lasted
for about fifty minutes. With f^ m NaBr there was a little swelling
even in .0004 m HCI (j^'f^ as seen in the table prevents it altogether)

;

conditions seemed most favorable in .00028 ;/; concentration where
some activity remained after one and a half hours ; in the succeeding
solutions movement lasted for an hour or more. Here also the most
favorable proportion was that in which swelling was materially checked
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TABLE XIII.

HCl
added.

NaCl. KaHr.

I'ure
I

Movement rapid-

salt ! ly becomes slug-

solution.
I

gish and ceases

within 15 m.

Filaments coagu-

lated and opaque

witliin 7 m. ;
no

movement seen.

Movementceased
and cells slightly

swollen after 21

m. Marked swell-

ing after 40 m.
Filaments coagu-

lated white and

opaque within 7m

.

No movement.

Nal.

Cells swollen and

detacliing after 14

m. No movement.

Filaments coagu-

lated white and

opaque within 7 m.

No movement.

NaNOs

Similar

HCl.

Similar

HCl.

Ttif

^50

Coagulation is

j

much more grad-

ual than in NaCl
4- A HCl. No

I

I

movement.

C onsiderable
I movement after

7 m. ;
only slight

evidence of coagu-

lation (7 »;.).

Coagulation is

less marked than

in /,'„ HCl. No
movement seen.

Well-marked
swelling and de-

tachment of cells

after 21 m. ;
no

movement.
Filaments white

and coagulated
after 7 m. ;

no
movement.

White and coagu-

lated after 7 m.

;

no movement.

No m o v e m e nt

seen; filaments

whiten more grad-

ually than in ^^^55

HCi.

N o movement
seen; filaments

slowly coagulate.

Vigorous move-

ment at first ; con-

siderable move-

ment after 6,"; m.

;

slight swelling I

then evident;
ceased by 1 h. 40

m. (Horn. +).

.\ctive at first ;

|

fairly active after
;

21 m. ; CL-ased by

45 m. ; swelling is

then well-marked

{il m.+).

Mler 14 m. fil.i-

nvents are un-

swollen and al-

most normal in

appearance,—
slightly whitened.

No movement.
Active vibratory

m O.V e m e n t at

first. -^ little

m.ovement after

20 m. ; ceased by

45 m.; cells slight-

ly swollen after

45 m. {20 m. +)
Active vibratory

movement, cells

swell more rapidly

Vigorous vibra-

tory movement at

first ; a little move-

ment after 2S m.

;

ceased by 42 m.

Only slight indica-

tion' of coagulation

{3S m.).

Movement very

active at first; a

little movement
after 66 m. No co-

agulation (66 »;.).

Less favorable

than „•';„ HCl;
swelling is more
rapid (~'i «•)•

A little movement
after 65 m.; swell-

ing is then consid-

erable (6V7 ;«.)

.Swelling and de-

tachment of cells

are well marked
after 14 m. ; a

little movement
then; ceased by

21 m. [H "')

No movement
after 7 m. ;

fila-

inents are then

slightly coagulated.

Vigorous move-

ment at first ; a lit-

tle movement after

30 m.; almost no

swelling (St/OT.).

Active movement
at first; swelling is

well marked after

.30 m. and move-

ment has ceased

(7 «;.+)

Similar to „";»

HCl, but swelling

is more rapid.
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TABI.K Xin Uoi,ri,m,-ii).

XaClOj. XalfrO,

Swelling begin-

ning after 21 m.

,

no movement.

Filaments white
and coagulated
after 7 m. ; no
movement.

Lil<e HCl;
coagulation is

rather less rapid

;

no movement.

.\ c t i V e m o V e-

ment after 7 m.

;

a little movement
after 21 m. ; no
apparent coagu-
lation {^1 »».).

.\ctive at first; Similar to pre-
no coagulation

; ceding solution.

m. +).

Active at first ;
I Similar to pre-

somewhat lessfav- ceding solution.
oralile than jjjj
HCl. Swelling is

more rapid. (SI
III.).

Active at first. Similar to pre-
Less favorable ceding solution,
'han „';„. HCl.
(7 "'. +).

MaCNS. NaCOOCH,,

Movement
ceased within 7 m.
and cells swelling.

Cilia are fairly

active after 7 ni. :

no coagulation
;

movement has
ceased by 14 m.

;

slight swelling by
then. M a r k eel

swelling later. (7
m. +).
No movement is

seen. .Swelling is

more rapid than
in jfs HCl.

No movement.
Swelling is well

marked after 7 m.

Well marked
swelling and de-
tachment of cells

after 7m. No
movement.
No movement

after 7 m ; fila-

ments white and
coagulated.

Movement al-

most ceased after

14 ni. ; ceased by
2.S m. {14 III.).

Na.,SOi.

Movement has'

practically ceased
after 6 ni.

Filaments do not Ceased after
coagulate

; active 6 m.; somewhat
movement after coagulated after
3,^ m. {.-is III. +). 12 m.

No movement Like ^j HCl.
after 7 m.; fila- Movement active
ments then after 35 m. {So
slightly coagu- w/. 4-).

lated.

Considerable Less favorable
'swelling aflerjthan j'S^. Move-
7 m. No move- ment active at
nient. first; almost

cea.sed after 2.S m.

Active vibratory
m o V m e n t after

6 m. ; fair move-
ment after 17 m.

;

has ceased by
23 m. (17 m.).

Generally simi-

lar

(i. m. -f).

A little move- Less favorable Like
ment remains than

ij"Jjp; almost I (/7ff/.)
after 7 m. ; con- ceased after 14 m.
siderable swell- (Hm.-\-).
ing (7 VI.+).

HCl.

HCL

No movement
after7m.; swell-

ing is marked.

Similar to j^-^qj

HCl.

Almost ceased
after 14 m. ; simi-

lar to pure solu-

tion (llf /«.).

Similar to ^"Jj
HCl.

Less favorable
than j^5 HCl.
(6 «.+)'.
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without being quite prevented. Complete
^^^f^^^^^^ 'Z.

ally implies coagulation, which i-'-tructwe o act u
•

n

::ts:^r^^r^rtei:^-f^^^
tion of acid decreases; the most evident act.on of the acd

prevent or retard this change.

A number of experiments were made with other salts. In the case

of
^' NSO3 airly active movement remained after sixteen minutes.

ot -., iNa.p,U3ia >^ activity remained in ,-^

un "vhh'lol;Tn"h:h concentrations of acid movement

^a ed ^i^ -n': m^c^lort^r space of time. In a similar senes with

" S so a distinctly favorable effect was seen with ,^ HCl

I w^^cosid^ble movement remained after fiReen minutes ,,n

other concentrations ,
-- and .--) a slight antitoxic action was

also seen.

atively large quanti y "^ "^^„72'
3^,ffi,iently for antitoxic action,

increase the concentratio o H- o s utfi
^y^^

^^^^ ^^^^^ .^ ^^^_

In another series with he same sa t u
^^^.^^ ^^^^ ^^^„

portions ranging from ^, to ^ evidence 01
^^^

.t "' and ^" though the effect was not marked. With ,
sodium

at 50 ^"^ 1""' '""
f , , Tn the nure solut on movement

citrate similar conditions were found. I"y^^P"'^^'°';'
. „, „ . «_

had ceased within six minutes; upon addition of HC to ,,
and

.Tent was active after this interval and remained for seventeen

Tl The fit and for mou than twelve minutes in the second

TnlTe. The anlit::! action of acid thus proved slight with both

'^''' '''''

of HCl in larger quantities than those ii^icated m the

as a

in the above taouiaicu cAiJ<-i'.—
, • „ ,„;fV, '"

;U :,>. ..igl.=r c„„ce„.a,i„„s of ,cid .» » -" „- ^l^
,;

Addition o, nu m ...6.. ^;-—^-^^ NaCOOCH, wl,icl,

^BrO sin^lar to the above, with HCl in --entrat...^ .^
to

^„„. a ^>-'"-
-f-;^;:;::^:^,;-/ On Edition of more

movement remained after thirteen mu
^^ ^^^^^^ ^^^^^^^^^

HCl (a third series ranging from .77,0
to ,„„ h^U

^.^prfretic.^
f , ,. "' HCl in which solution vigorous and energetic

action was found at ,„„ HCl, in wnicn
^^^

«
filaments were

"»«r'.'"''V",r::;:::;;:.:''::;i.:\iS/';:.oo.i,u..e.-^
coagulated ;

at „':;„ the movemc
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ceased by nine minutes; there was no coagulation in tiiis last

solution and the swelling, although greatly checked, was considerable

after four hours. Mere again the best cencentration was that just

sufificient to check swelling without preventing it altogether.

With ?' NaCOOCHj in a seconc} series with HCl ranging from

8T0 to ,y"— the most favorable action was again found at ^^ (a
little movement after sixty-nine minutes); ^'^n HCl was somewhat
less favorable (a little movement after fifty-two minutes) and the

others still less so, as in the above series. In another series of three

solutions with more HCl movement was not prolonged at ^, HCl,
was prolonged slightly, if at all, at ;/;(„, but very considerably at ^,
where it continued for about an hour (si.xteen minutes was maximum
duration in pure f NaCOOCH.,). With

.fj'
and '{^^ HCl the filaments

are gradually coagulated. The most favorable concentration of HCl
in the case of this salt appears thus to range from ^^ to 5;^. This is

again a concentration somewhat less than that required to prevent
swelling or produce coagulation.

Addition of HCl (from ;_,';^, to ^f-^ to '" solutions of Na^Fe
(CN)„, Na.jHPO^, and Na.^HAsO^ failed to produce any evident

antitoxic effect. The filaments remained uncoagulated in all these

solutions, an effect to be expected when the strongly marked action of

the anions and the weak nature of their acids are considered.

The general results of the foregoing experiments on antitoxic

action of acid may be conveniently summarized in the following table,

in which opposite the formula of each salt is given the approximate
quantity of HCl whose addition to the "' solution produces the most
favorable antitoxic action.

TAHl.E XIV.

^'•''Cl Kest effect at 5:fJ„ to ^i^.
^al^f l^est effect at j^'tj to „'^5.
Nal liest effect at ,,'55 to jfj,.
Na>^03 liest effect at jfj, to ^i';,.

NaClOj Best effect at jjljo to s;}^;,.

NaBrOs Slight action at j'^j to
/J'^.

NaCOOCHj . . . Most favorable at :,J5 to j^o-
NaCNS Slight action at <;. jjj,.
NaoSO^ Most favorable at j^ij to jjin-
NajSoOs Most favorable at [j'Jj to jj'J^.

Xa-jSOs Slime favorable action at ^j.
Na.jC4H40,., . . . Slight action at

j'i to ^05.
Na3C,..H;C)., . . . Slight action at i"j to {\.

NaolIl'O, .... No effect seen.

Xa.jH.-VsOj , . . No effect seen.

Na^KelCN)^ . . . No effect seen.
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The addition of a trace of acid is thus seen to retard, in some in-

stances ver considerably, the injurious action of pure solut.ons of n^^o

TZ^l sodiu. saits. The .ore to^ic o^ ^h.e .e on y s^^^^^^^^^^

susceptible to this action - as NaBrOg. ^^^^z'
^^ ^ '

'

^n) .

altogether insusceptible- as Na.HFO, Na,HAsO, -^
^[; *^f

'

It is important to note the wide variation ,n the quantity of acid

nee say or distinct antitoxic action with the different salts

'::rsa7sof strong adds (NaCl NaBr, Nal. faNO )
^he optinn n,

action is obtained on addition oco^arat.^ly little

^^^^^

tl. ^--.^

:r"S :^ J^;S1 ::!: t^rt^te: b;omate. citrate, sulphite) the

salts 01 weais ai-iua v
effective ao-ency n the action

requisite concentration of H-ions— the etlective a^c y
_

^ can only be secured by the addition of larger quantities of HG ,

.,e ::aso,7of this is the production of the corresponding acKlw^^c-

bein. slightly dissociable, especially in the presence of ^ ^ gh concen

trati-;. o?its'anions from the salt, must be present in -'a -e Jarge

auantitv to Hve the required concentration of H-ions. In the case

o^sa of strong acids' it is the physico-chemical characteristics

e anion that determine the quantity of H-ions --ssary to ff

thenoisonous action. Thus salts of monobasic acids of practically

eTuaT rith (NaCl. NaBr. NaT. NaN03, NaCNS) show varia-

S:^ inthe^quantityof acid needed for OP^*-"---' wL e .

least in NaCl (-- to^ HCL) and grea est -„NaCNb. where

antitoxic action is seen at concentrations be ow p.
"^J. /'^J^^^,.

is sli<^ht with this salt at the best. The explanation ^^^h.s fact is ex

dentIv that the physiologically more active anions require the add, ion

'o lai^r quantJti/s of the oppositely acting H-ions f- -..nte^actjon

of their toxicity. NaBr and NaN03, and especially Nal ^nd NaCNb

have uch n.ore rapid action than NaCl in inducing swelmg d

disintegration of the ciliated cells. This -M-^^'y^^-J ; ^
anions having lower decomposition tensions '^^^-^^'-^^'^'^^^^

,,,

able that increase in valence of the anion may ,n uself >ncre-e^ts

physiological activity; thus in both Na.SO^ ^^^i^^^tt
strong acids, the optimum proportion of HCl us relatuel) m

any case the antitoic cation (in this case the H-.on) appears to at

by'e rising an action of opposite character to that of the an on

hLce the gLter the ^^^^^^^^^ r^: ^ti!::::
salt, the more acid must be required for the most eneci
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VI. Antitoxic Action of Plukuai.ent Cations.

In (lie antito.xic action of trivalent and tetravalent cations (Al, Cr,

Fe'", Th, Sn'^ ) on .solutions of sodium salts similar phenomena are

observed. Salts of such metals induce coagulation when present in

more than very dilute concentrations. A concentration insufficient

to cause coagulation, but sufficient markedly to retard swelling, is

here also most favorable for antitoxic action. Other factors appear

also to enter, as in the case of the alkali earth cations, since the

favorable action is greater than can be secured by mere addition of

acid.

TABLE XV.

S.\LTS .VDDED TO W NaCi, IN THE PrOI'ORIIONS INDICATKE).

t-'oncen-

trate of

antito.xic

salt.

ItTffff

iti

JIBS

AlCU

Movement ceases at

once ; filaments coagu-
late within an houi.
Movement ceases soon;

gradual coagulation.
Filaments do not coag-

ulate: show considera-
ble swelling after 22 h.;

some movement after

7 h. 35 m. (7h.3'i m.).

Considerable swelling
after 3h. ; a little move-
ment (.i' //.).

Considerable swelling
after 2 h. ; a little move-
ment (i ^.).

Similar to ujin; AlCIg

A little movement after

.S2m. {5,'m.).

Considerable swelling
after .S2m. ; slight move-
ment {o^ »/.).

No movement ; fila-

ments coagulate within
an hour.

Similar to preceding
solution.

.•\ little movement after

2,^ m. ; only slight swell-

ing after 22 h.
(
J.j m.).

Swelling is slight after

20 h. quite active move-
ment after 2 h. 53 m.
(3h.+).
Considerable swelling

after 20 h.; some cilia

remain active after 7 h.

2S m. (," /i. -.'S )». + ).

(iood manv cells are
detached after 20 h. ; a

little movement remains
after 22 h. (-'-' //.).

Disintegration of fila-

ments is well advanced
after 20 h. ; a little move-
ment remains after 7 h.

29 m. 1 7 //. J9 m.).

Well-marked disinte-

gration alter 20 h. ;

movement has almost
ceased after 2 h. .>3m.
[S h. 53 m.).

FeCU

Filaments coagulate
soon ; no movements.

Similar to j'gjj FeCIj.

Filaments coagulate
within 25 m.; no move-
ment.

Filaments are coagu-
lated after 25 m.

Filaments coagulate
slowly ; are coagulated
.ifter 22 h.; no move-
ment seen.

Slight swelling after 22
h. ; active movement at

first ; movement lasts

ca. 2h. (,' /;.).

.Swelling after 22 h. is

greater than in j;'?,,^

FeCl^; active movement
at first ; lasts more than
7h. (7//. Mm.).
After 22 h. disintegra-

tion is greater than in

ji'j'jj FeCl^: considera-

ble movement remains
after 2 h. 50 m. {2 h.

rill III.).
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Of the above three trivalcnt cations Fe'" exceeds Cr in coagulative

activ t and Cr exceeds Al ; the most favorable concentranon for anU-

oxic action is thus higher with Al than w,th Cr and w,th Cr h -th

Fe'" The high antitoxic effectiveness m such low cone ntrat.on .s

r . f .h^ frivnlence- vet the difference between the
partly a function of the tnvalence, yec

f,^t„„ is im-
individual cations proves that another factor, or set of factors, is mi

or a Of thesl the chief is in all likelihood the decon,pos.t,on

lllion. wh,ch, according to Ostwald and Wilsn.ore. -°
J^.'^ ^^

High^^r A, I have ^ P^^ ^^t^:^ ^n^o -^1 "^tl I
nhvsioloo-ical indication is that L-r nas d luwci u

i

ha'n AUnd Fe'" than Cr. The value for Fe'", according to Le bla ,

lies about 0.28 volt lower than Fe". which is +0.063, i- C ur. -0.217.

a value like that of the H-ion.'

I siniilar series with f Na.,SO, less favorable action .as ob^

tained, and the optimum concentrations of the antagonizing cation

were n all cases higher than with f NaCl These were wul A
, , A. Pr- "I- to ^^^ ("movement lasted

_>"— rmovement lasted 51m.), L.r. ,„„ l" jg„„ v

^h" 20 m. and 5 1 m- + respectively) ; Fe'" : nr^ (movement for 50 -.)

The prevention of swelling also required a higher concen ration of

^he antagonizing cation than in the case of NaCl. These differences

are apparently correlated with the more energetic activity of the

b :alen; SO,ion, which requires for counteraction higher conc..ra-

tions of the opposed cation. This is another instance of a rule which

L already been exemplified in the experiments on the antitoxic

'' WUhlhs'of the tetravalent metals thorium and tin (in stannic com-

pounds) similar results were gained, though a less favorable antitoxic

'

f 1 Thr VO ^ and SnCU were added to solutions of

action was found. Th(N 03)4 and rsm^i^
,u^ ahnve tabu-

NaCl and Na.,SO, in the same graded proportions as m the abov e abu

lated series 'Th(N03), exhibited a favorable action in /, ;« solutions
latecl series. 1.^ 3 '4

.„ ^z^_ in all of which propor-
of NaCl at concentrations of ^,^, to ,„,„,,„ m a 1 f

tions movement lasted for rather more than an^our.JAOl. SnCl,

a similar action was found in concentrations ot ^,„„„ to io.4>,o.

ment lasting from thirty to forty-five minutes in these solutions.

With Na..S(\ as the toxic salt, it was not- possible to prolong move-

ment to the same degree, and the results -reJess c ec^-e. ^Uth

"'Ma SO, and SnCl, in concentrations ot ^.^-j,
ana ,.,,„o,

ment'lasted for thirty-four and fifty-three minutes respectively -an

undoubted antitoxic Ltion. It is again to be noted that the optimum

1 C/. Le liL.^NC: Elektrochemie, 3t Auti., 1903, p. 225.
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1

concentration is greater than with NaCI. We also see here again the
characteristic effectiveness of plurivalent cations in extremely low
dilutions. Th and Sn'^' resemble Fe'" rather than Cr or Al, their

most favorable action being manifested in lower dilution than with
the last two cations. It should be added that their action in pre-
venting swelling shows the same peculiarities as that of the trivalent

cations.

Antitoxic action of chromates and permanganates. — The COagulative
action of chromates, permanganates, tungstates, and other similarly

constituted salts, especially in acid solution, is evidently dependent
on the anion part of the molecule. There is little doubt, however,
that these .salts in solution undergo a somewhat complex dissociation,

and give rise to the plurivalent cations Mn, Cr, \Vr ; there is good
reason to ascribe the typical coagulative and oxidative action to the
presence of these ions.' According to the conception of antitoxic

T.\BLE XVI.

Solution: i'ukk {-m N'aCi..

Coticeiitration

of added
antitoxic salt.

K.>CrOj.

1. Pure
f«ff

NaCl Movement has almost ceased
after 13 m. ; ceils are beginning
to detach after 23 m. ; move-
ment has then practically ceased
{-'^ ///.).

\ little movement after 24 m.

;

no coagulation ; swelling is

more gradual than in pure solu-
tion (-'^ ;«.).

A little movement after 34 m.

;

swelling is more ra]iid than in

.,;;„„ KjCrO, (,J4 „/.).

A little movement after 1 h.

27 m.; considerable swelling
(/ //. m m).

Active movement at first , a
little movement remains after
I h. ,S2 m. (..' Ii. 5J //;.).

A little movement remains
after 49 m. (41) m).

A little mnvenient remains
after 35 m. {•' w.).

KMnOj.

A trace of movement after 1 5 m.

;

filaments are discolored and un-
swollen after 20 h. (15 m.).

.•\ctive movement at first ; has
ceased by 15 h. ; filaments are al-

most unswoUen after 20 h. (<-(i.

lo ,/,.).

Movement active at first: a little

remains after 44 m. ; swelling
is considerable after 20 h.. though
less than in control (44 >ii )
A little inovement after 33 m.

;

swelling as in preceding solution
(SS m.).

.\ little movement after 4.5 m.

;

swelling considerable after 20 h.

(4^ "'.).

\ li'.tle movement after i?> m.

' ("/". Matiif.ws : T'liis journ.il, 1904, xi, p. 237.
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act>on advocated above, such salts, when added to

f-^'^2l^\
salts should exhibit antitoxic action in extremely low d.lut.on. I

have tested this in the case of potassium permanganate and potassuu.

--r-rrd;::i^f::;:^^::^^^^^^

^r: ;::Mi;^ctn::;::;::s ir'indicated by these e^pen-

nens whi h may ac ordingly be regarded as confirmmg t e v.ew

Ta h P rivalent Cr-and Mn-ions .hypothetically hexa- and hepta-

laknt re pectively) are among the products of dissocat.on. Ions o

luChrh' valence should be expected to exhibit a most powerfu

phy iolo<.ical action; their active oxidizing propert.es are no doubt

Se^rndent on this peculiarity, which almost necessardy involves a

very low decomposition voltage.

VII. Swelling Action of Anions.

The following records are given to indicate the comparative ac-

til^of the v;rious anions in promoting absorpUon of water ,n

lufions of their sodium salts ;
afterwards the --"---;;

tion of acid needed to prevent or markedly to retaid this action s

liven It will be seen, as already mentioned, that in general the

c nc ntra ion of acid at which antitoxic action is most favorable cou-

cdes approximately with that needed to produce a mar ed retarda-

tion of ^he swelling action yet without producing coagulation.

Sw 1 ing pheno^^ena are conspicuous in the action of P"- - «-

soluTons of sodium salts ; salts of other alkah meta s exhib
1

e

me action, as do also, to a less degree, solutions o ca cium, m g e-

sium, and barium chlorides among the alkali earth salts I the

above sodium salts the rapidity of this action vanes ^- V ' -

different solutions. The visible effect is a

->'".^;"^.--' Y^^jf^,;.
detachment of the ciliated cells. Thus the epit elium f a g.l^fi^a

ment that has lain for some time ^c g., one hou,
)

m ^'- ->
-v' nded

solution is found to be largely transformed into a mass o rounded,

pa ly ^tached, and loosely cohering cells. Later the cells undergo

sti further swelling, which in course of time leads to complete diMU-

:r'ration These Effects are produced still more rapidly m solutions

of^Nal, while NaCl is less active than either.

The nature of the phenomenon and .ts variation ,n different salts
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is best indicated in tiie accompanying table, which is summarized
from the results of a large number of independent observations. It

thus appears that the degree of swelling action is constant and spe-

cific for each salt, and is dependent on the peculiarities of its anion-

In the series with K-salts the relative activities of the various salts in

producing swelling proved practically identical with those given here

for Na-salts.

2. \ NaBr

Xal .

TABLE XVII.

1.
I'
NaCl . . . Usually the cells are sufficiently swollen within an hour to render

the contour of the filament uneven from the projecting cells, a

few of which may have detached themselves by then ; this round-

ing and detachment are, as a rule, not distinct until several

hours later. .Swelling and detachment are well marked after

20 to 24 h.

. Swelling is decidedly more rapid than with NaCl, and numerous
cells are rounded and detached after an hour ; in 5 or 6 h.

the filament takes the appearance of a relatively voluminous

mass of detached cells. Disintegration is verv complete after

24 h.

Swelling is decidedly more rapid than with XaBr, rounding and
detachment being conspicuous within 30 m. or less ; within 2

or 3 h. the epithelium is a voluminous mass of partly disinte-

grated swollen detached cells. After 7 or S h. the filament has

the appearance of a swollen and almost structureless mass of

disintegrated cells.

4. 1 NaNOj . . Swelling is well marked after 30 m. ; the action is more rapid than

'with XaCl, and less so than with NaBr; rounding and detach-

ment of cells take place as in Nalir, but more gradually.

5. 5 XaC10;j
. . Is very similar to XaXOg in its action,— intermediate between XaCl

and XaBr.

6. % XaBr0.i . . Swelling is very rapid ; marked swelling and detachment and partial

disintegration have taken place within 1,^ m. ; disintegration is

more rapid than with 'i' Xal.

7. Sf XaCXS . . Marked swelling and detachment of cells after l.S m. ; swelling is

very rapid ; after S h. filaments are voluminous masses of

swollen, detached, and disintegrated cells. Like X'aBrOa in its

action.

8. 5 XaNO.j . . Apparently similar to X'aBr in its action; rather more active than

.\aXCV, (2 observations).

9. NaCOOCH, . E.thibits relatively slight swelling activity; is decidedly less active

than XaCl,— swelling is not conspicuous for some hours, .-\ficr

20 h. there is considerable rounding and detachmeni, though
always less than with XaCl.

10. 5 NaoSOj . . Swelling action is in general similar to that of XaBr, though less

energetic. Disintegration is marked after 20 h.

11. % XagSjOj. . Action is in general like that of XajSC),.

12. ^ Na..S03
. . Swelling action ,-ippcars relatively weak, — less than thai of Xa.,SO,

(2 observations).
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TMiLE XVII {coiitiitned).

n ••NaC H.O. Very slight swelling action (less than NaCOOCH3); after 20 h-

13. , Na,C,H,t „. y g
^^,^. ,^„,t smooth with few or no detached cells.

14 .Na., citrate . Ahnost no swelling occurs, the contour of the filament ,ema,nn,g

smooth after 24 h. or more.

15. Na.,IIPO^ . . Similar to citrate : little or no swelling action.

Ifi N-lJI^sOJ . Similar to NajHPOi.

11 NasFeiCNlo • l'.actically no swelling after 24 h. or more.

IS. Na^FeiCNll . Practically no swelling action.

The following table gives records of a number of experiments with

valuschiefly^monovalent sodium salts in which the concentratton

acid ust necessary to prevent swelling
^^^^^^^^^^^^

mined Higher concentrations produce coagulation (cf. Table XIU).

;; ^^11 be s:en that acid of half this concentration has well-marked,

and in some instances the optimum, antitoxic action.

TABLE XVIII.

, ,„
,- p, ,„ HCl prevents swelling and slowly coagulates the filaments In

.1. 5- ^aCl . . . ..00
_^^

P
^

.^ .^^^^ prevented: movement lasts 2S m.

If^er 19 h. filament retains smooth contour. ^^lls are tuv

swollen; filaments are slightly whitish. In , HU cells

swell though gradually, movement lasts 66 m.; after 19 h. there

^s ctsiderfbl! swelling. (In the series on Pj 13 the most avor

able concentration for movement was ^.'••00006;'
"I'

<"-=''

where swelling was slight after 17 h. In .0009 m HCl („,„

swelling was entirely prevented.)
,,i„„,;i,

, ,„ XaBr " HCl coagtaates slowly. ,'% HCl almost prevents -velhng, da-

-"-'''^' - ''"

ments remaining translucent and almost smooth mcontK

after 19 h. Movement lasts for more than / m. and les:,than

21 m. In ,;'i,
HCl swelling is gradual; is considerable after

19 h. Movement lasts 65 m.
, c

, .„ N,T ." HCl coagulates slowly ; ,;i=
seems almost the "-"ral pomt fila^

3. 'i
Nal

. . . „, "'-
/^^^ ,^,,^^^,„„,„ ,f,„ IS h.; at ,fi„

there >s shght swelbng

a ter 19 h. . movement is favored (> 20 m.). J, HCl >s most

avorable ; swelling, though much retarded^ is n,ore rapn^ than

in ,?i„;
cells are much swollen after 19 h. Movement salts

more than 65 ni.
,

. „ N,NO " HCl slowlv coagtdates filaments which are white, opaque, and

little swelling is evident after IS h. Movement lasts more than
lutie " <: B

swelling s more rapid
;

30 m. in this solution. In „„, ii>-i swc g
^^^

movement is favored, but less so than in ,„„ HCl. in „.,„

swclline is still more rapid.

= ». M,nO ""'• HCl coagulates filaments within 7 m. ,i';,
HCl does not coagu-

after 18 h. Movement lasts 21 m. In ,,;, and „-, HC condi-

tions are more favorable for .movement, though swelling is

more rapid.
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TAliI.E XVIII (conthmtJ).

6.
H'
NalirOj . ,"„ HCl coagulates gradually; ,™, HCl almost prevents swelling; fila-

ments are unswoUen after 1 h., though considerably swollen

after 4 h.; in j';, HCl swelling is more rapid, though greatly

retarded as compared with the pure solution ; this concentra-

tion seeins most favorable for movement which remains fairly

active after 7 m.

7. ? NaCN'S . . ,'!'„ HCl coagulates slowly; in ,;';„ MCI filaments swell gradually; in

,;';„ with fair rapidity ; movement is a little prolonged at this

concentration. Swelling in the pure solution is very rapid.

(A second trial gave the same result; ,';', HCl prevents swell-

ing; in ,;';„ HCl gradual swelling occurs.)

8. J'XaCOOCHj ™ HCl gradually coagulates; at «^^ HCl filaments swell gradually,

movement, however, was not prolonged in this series ; at

,;'„ and ,"„ movement is prolonged, especially at latter concen-

tration (35 m. -f). j'J,
HCl also prolongs movement (35 ni. -r).

9. 5' Na^.C^H^Oii- '."j HCl was not sufficient to coagulate filaments. So also with

citrate ; there was slight antito.\ic action at 'j'j and ,';'„ HCl.

10 5' N'ajSOj . . J™, coagulates gradually; ,';;, almost prevents swelling — a few cells

are detached after 22 h. ; in
,;'H|,

there is slow swelling. Move-

ment is inost favored at ,"„ and ,?•„ (<<i. 17 m.). In 5' Xa.,Si03

,'J,'j
HCl also practically prevents swelling without coagulating;

in j,Vi„ swelling is considerable after IS h. : this is the most

favorable concentration lor niovenieiu (see Table XIH).

Thus the general result appeans that a concentration of acid suffi-

cient markedly to retard swelling, but insufficient to produce coagula-

tion of the cell-proteids, is in almost all instances that which has most
effect in prolonging movement. The " antitoxic " action is in fact

to be regarded as largely due to the retarding influence which
the J^-ions exercise on the disintegrating or liquefactive tendency of

the anion of the toxic salt. Thus we see that the more powerful the

action of these anions, the higher the concentration of H-ions neces-

sary to counteract their action, — /. e., the more acid must be added to

produce the most favorable antitoxic effect. This is seen most clearly

in the series of salts with monovalent anions. The order of increas-

ing effectiveness in producing swelling— which is to be regarded
as indicating the relative activity of the anions (these being present

in '". solutions in practically the same concentration, since the dissoci-

ation of such salts is almost equal) — is substantially as follows:

COOCH.,, CI. NO3, ClO^ Br, I, CXS, and BrO,,; I, BrOg. and CXS
are closely similar in their behavior. COOCH., is less active, and

NO.J and CIO., are somewhat more active than CI. Accordingly, in

order to neutralize the swelling tendency, or to procure distinct anti-

toxic action, CI requires least acid, CIO;, and NO3 somewhat more.
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H. somewhat n.ore than these, I apparently
^1^;^^

^'^^^l^Z
.nerhaos a little more), and CNS rather more than I.

1
he quantity

o HC add practi ^lly represents in the case of the ma3onty of

ese saUs the concentration of H-ions '-^^ -lution, ^.^e^t^^e cor

re.pondin-^ acids are all strong except HBr03 and HCOOCH3. m

he case ol- NaBr03 and NaC00CH3 the resultant acd d.ssocate

iohtly and hence^ more HCl must be added to produce a suffic.en

c n ntration of H-ions. This is seen also with salts o^ ^-^^^ -

acids, as tartrate and citrate. With salts of acids of ^PP -'?-\^/y

eaua strenc^th the degree of physiological activity exhibited by the

all ilTh^t determines the proportion of acid or of other salt (. ...

M-Cl • see above, p. 108) needed for antitoxic action.

Antiloxi action vvith acid is found in solutions of sodium salts and

po siblv also in those of lithium, though I have as yet few data on the

Te vior of Li-salts. Conditions are different in those o potass, m.

thus it was found that addition of aikah or acid to pure f ^^1-1^^

in anv of the concentrations employed, to increase the favorabd ty of

the solution. This result agrees with that mentioned above for e.^-

periments with mixtures of magnesium and P^^^^'"™
f^^

.

^^.

Nature of antitoxic action with other salts. - Is the antitoxic ac

tion Of other cations also due to their counteracting the swelling

action of the anions.^ It seems doubtful that the favorable action can

be due to his factor alone, since otherwise it would be difficult to

explain why the H-ion, which in appropriate concentrations may com-

pletely prevent swelling without causing coagulation has only a lim-

Uedln'toxic action. It is possible that acid may be -J urn. us on

account of its checking respiration or otherwise ^"^- -'"§;; ^'^ ^^^^

metabolic processes concerned in the production of the n rgy re-

quired for he movement. But in all likelihood there exist " /-A^O ^

pure V NaCl solution several independently injurious conditions

.vhich' the disruptive tendency due to swelling is only one. If this

can be checked, the result is favorable, as we have seen, yet the

otality of conditions may remain injurious to the tissue and so

unfavorable to movement. The heavy metal and the tnvalen and

tetravalent cations appear also to owe a large part of th-r nt^tox c

efficiency to their action in retarding swelling (see lable XI\).

fd the'mechanism of their action is probably in ^arge P- s-m ar

to that of the 1 1-ion. In the concentrations in which these salts have

he nit effective antitoxic action, swelling and detachment o cells

are greatly retarded (as compared with the. pure ', NaCl), although
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not entirely prevented
; and a concentration sufficient to coagulate

the filaments is always too high for antitoxic action. The same re-

lation holds in part as with the If-ion; this was especially evident

with the trivalent and tetravalent metals and the salts of Cd, Zn, Xi,

Co, Pb, Mn in the experiments of Tables V, VT, and XV above.

In the case of the alkali earth metals and magnesium, whose salts

are by far the most effective in antitoxic action, the characteristically

high degree of favorability must be due largely to some other factor

or factors, since even pure '% solutions of the chlorides induce swell-

ing, though more slowly than the salts of the alkali metals. In

favorable mixtures off NaCl and an alkali earth chloride (of Be,

IMg, Ca, Ba, or Sr) swelling is greatly retarded and detachment of

cells is gradual, the filament retaining smooth contour and normal

appearance for at least several hours, while the cilia remain vig-

orously active. Xevertheless the mere prevention of swelling is

probably a subsidiary factor here ; for even in favorable nii.xtures of

':; NaCl and "' MgCl._, numerous cells become rounded and detached

in the course of a few hours; notwithstanding this, many of these

cells exhibit active ciliary movement while floating freely in the solu-

tion. Apparently some other peculiarity of action is responsible for

the high antitoxic efficiency of these cations. What this is, is at

present difficult to say : the ciliary substance is in some manner en-

abled to preserve a state of physical consistency (of possibly spe-

cial permeability or non-permeability to certain ions) favorable to

contraction.

In the series of Tables IX and X (various "4 Na-salts with .f, and
.'" MgCl.j) swelling was greatly retarded in all the solutions contain-

ing MgClo relatively to the pure solution; yet the characteristic dif-

ferences in the swelling action of the various anions appeared as

before. Numerical comparisons are hardly possible with data of this

kind
; but the solutions admit of a classification on the basis of their

unequal swelling action somewhat as follows: (i) those in which
swelling was either absent or slight, only a few cells at most being

detached after twenty-four hours ; this class includes all of the salts

with plurivalent anions, even Na.^SO^— tartrate, sulphite, thiosulphate.

citrate, phosphate, arsenate, ferrocyanide, ferricyanide — acetate and
chloride; (2) salts in whose solutions a considerable but not large

number of cells are detached in the same time, — nitrate, chlorate,

bromide; and (3) salts which produce marked swelling so that disin-

tegration is rapid and a voluminous mass of detached cells is formed.
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-iodide, sulphocyanate, b.omate ; of these bromate seems most

effective The order of effectiveness in producing swelhng is thus

practically the same as that observed in pure solutions "^
P^J'-^^^'"';;

and sodium salts with various anions (./• Table XXI, p .36), although

the process itself is greatly retarded by the act,on of the antitoxic

'^The -eneral order of effectiveness of anions in producing svyelling of

the living cells, as deduced from the above and the earlier series of ex-

periments, is essentially as follows (order of increasing action) :
fluo-

ride, the above inactive plurivalent anions,' tartrate, acetate, chloride,

nitrate, chlorate, sulphate, bromide, iodide, sulphocyanate, bromate.

It is noteworthy that this order corresponds closely with that given by

Hofmeister and by Pauli for the relative effectiveness of anions in

furthering the swelling of gelatine plates,"^ in raising the melting-po.n

of o-elatine solutions,^ in anti-precipitating action (in solutions of alkali

salts) on proteid solutions,^ and in furthering proteid precipitation

in solutions of alkaline earth and heavy metal salts'^ (^ c. when he

precipitating salt is such as to give the colloid particles a positive

charge ^\ Pauli gives the following series as indicating the order ot

activity of the anions in these relations: fluoride < sulphate < phos-

phate < citrate < tartrate < acetate < chloride < nitrate < chlorate

< bromide < iodide < sulphocyanate. Bromate, according to my

determinations, comes after sulphocyanate. In the case of the salts

with monovalent anions the above order of toxicity corresponds closely

with the order of activity in producing swelling of the ciliated eel s

,

this fact indicates that the toxic effect of these salts is argely de-

pendent on this latter action. The case of the salts with trivalent

1 The relative inactivity of the salts with polybasic acid is

'^^'^f^''^ ^'';';^.f^l

to the presence of relatively few plurivalent anions in "i
solufon, d'ssocat.on b m

chieflv into (.. .0 Na+ and Na..C„H.Or, Na^ and NaHPO,, etc.. these anions

being in all Ukdihood relatively i:;active. or having difficulty in penetrat.ng the

"''
Hokmk.ster: Archivfurexperimentelle Fathologie und Pharmakologie, 1890,

xxvii,p. 395-. and /*//., 1891, xxviii, p. 210.
, ., „j Pnthnloo-ie

= Pal'l. and Kona: Beitrage zur chemischen Phys.ologie und Patholog.e,

1902, ii. p. 1.

PaCI.I: Ibid., 1902, iii, p. 225. PnsiFKNAK
Pauli- Ibid., 1903, v, p. 27: and .905, vi, p. 233- ^ee also Pos.einak.

who obtained a similar o;-d;r'of effectiveness of anions in the precipitation of pos-

itive proteid hydrosols : Annates de IMnstitul Pasteur, xv, 1 901, P- 85-

•C/. B.LLnZEK: Sltzungsberichte der Kaiserlichen Akadem.e der U issen

schaften, mathematisch-naturwi.ssenschaftlirhe Kla.sse, 1904, cxni, p. 1201.
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anions shows, however, that toxicity may be independent of swelling

action. The reason why increase of valence as such should interfere

with swelling is not evident; yet it can scarcely be a coincidence

that in the above series all of the plurivalent anions are relatively

inactive in producing this change. In my own determinations the

sulphate had a well-marked swelling action similar to that of bro-

mide. In other respects, however, the correspondence with Pauli's

series is a close one, especially as regards the relative activities of the

series of monovalent anions.

VIII. Antitoxic Action of Anions.

We have seen above that in the case of salt solutions whose toxicity

is due to the preponderating action of the anion the addition of salts

with active cations retards the poisonous action, — or, as we have ex-

pressed it throughout (after J. Loeb), has an antitoxic action. Many
salts are destructive to physiological processes for a precisely oppo-

site reason ; in their solutions the action of the cation preponderates,

and the total action is accordingly coagulative. This is true of solu-

tions of heavy metal salts and salts of trivalent and tetravalent metals.

The alkali earth metals appear, in their action on the ciliated cell,

almost intermediate between the above two classes ; the action of their

chlorides is apparently partly coagulative and partly liquefactive,

depending on the nature of the colloids concerned.

The question now to be considered is: can the toxic action of pure

solutions of these salts be diminished by the action of ions that

check or retard coagulative changes? The alkali earth chlorides

offer the best opportunity for testing this question. With "' solutions

of CaClj, MgCl.2, and BaCij we should expect that addition of a little

acid would check the slight swelling action and so prove favorable.

On the other hand, addition of alkali or of salts with strongly acting

anions (HrOy, CNS, CN, etc.) should retard whatever coagulated

action there is, and should therefore prevent the slight coagulative

action of '" SrClj, and so lessen the injurious action of this solu-

tion. The following experiments were designed to test these

possibilities.

In the case of solutions of calcium and apparently also of magne-
sium salts the results are somewhat equivocal, since both acid and

alkali may have a favorable action in. proper concentrations. With
"{ SrClj, on the other hand, a distinct antitoxic influence is exercised
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1

ciliary activity in CaCl^ solutions, it must be assumed that the
presence of H-ions in low concentrations hinders some destructive

action of the pure solution. Since H-ions do in fact hinder the
swelling of the cells — an effect evidently due to their possessing an
anti-swelling or coagulative action — it seems probable that their

favorability in this instance is due to some such action. The struc-

tures concerned in ciliary movement consist in all likelihood partly

of colloids that are caused to swell by CaCl.j solutions
;
prevention of

this action would be favorable to preservation of the contractile

structures and hence to continuation of movement. On the other
hand, the fact that salts with active anions have a more pronounced
antito.xic action seems to indicate that the chief colloid structures

concerned in the contractile activity undergo a change of the reverse
kind in "i CaCl, ; this is on the assumption that the favorable action
of the anions depends largely on their checking such coagulative

changes, — which seems clearly indicated in the experiments with

^ SrClj below. In my studies on the Ctenophore swimming plate

I have found that the fibrillar substance of the plate remains white
and unswollen in '? CaClj, indicating a preponderantly coagulative
action. In view of the resemblance between this tissue and cilia

it seems probable that here also this salt has a slowly coagulative
action on the colloids directly concerned in contractile activity (per-
haps on those forming the substance of the cilia themselves;,
although its action on other cell structures may be, on the whole, of

the reverse character— hence the gradual swelling of the entire cell.

If this surmise is true, anions act favorably by checking coagulation
of the ciliary substance in

'i'
CaCl.,.

Antitoxic action of anions on solutions of alkali earth chlorides.

Addition of alkali to '« CaCl.^ has a distinctly favorable action
through a certain range of concentrations. In one series of e.vperi-

ments, in which sodium hydroxide was added to 'J CaCl2 in a series

of graded concentrations ranging from ^'f,- to ^-~, movement was
markedly prolonged in the last three concentrations (NaOH to ^^,
Ti\~^ and -~U-o)- In ^^f^ NaOH swelling and detachment of cells

were greatly accelerated
;
after one and a half hours many cells were

rounding and detaching, and movement had almost entirely ceased
after six hours and thirty minutes. Swelling was progressively less

rapid as the concentration of alkali decreased, although in all cases it

was decidedly accelerated relatively to the control, "i CaClj. Move-
ment remained in 3-^ and r^ NaOH after eighteen hours and
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rf the possible importance of valence in .he antttoMC process.

TABLE XIX.

ana .aruate were used in t e -°------
^ilVurate was used in concen-

tions for these salts were fj, ^j, and t85-

trations fo, i'b.
and t'sre-

, „ j ,,„ 4 ., 43 m B : almost ceased by 4 h. +S m.

1. Pure A m CaCl,. A : almost ceased by 4 h. 43 m.

(Cfl.5A.).
, „ ^ „„ ,,„, ^ (.lidit precipitate CaSOJ :

active,

-
"
" >•• - ?:5'„:,>i;.ii~' '"".-—-- •»- « ' » - '"

"•

, ,..„„..«.. ;„*;ro:',r;-;<";rif.,.,.
.„ s.,..,-3: .... .. »...-

. ,.,c.c.,.T.:st'.:'.: ".".r,!-/.;-... s..,.,, . ..... .»..• ..-

19 h. (i9/i.).
,. „ „ n rj"l V (some Ca tartrate crystallizes

' ' -' ^ "'

^S lL:tii:£:S^'^en; al in solution 2; active after

,
..01.,.:^" iv^??ss.o,..) (v-'-r;:::.T:;r::n:i"

A : action like Solution 6; longcontinued " °;^"-^''
^ ^^ ,5 ;,

after 65 h. 43 m. li : a little movement after 41 h. 10 I

43 >«.; 15: il I'- 10 m.).
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TABLE XIX {coiilimifd).

8. /j OT C'aClj + Na2C4H,nf, to J'^: B: like Solution 7, though apparently less favor-

able; a little movement after 41 h. 10 m. {10 h. 41 m.).

9. fn m CaCla + NaaC^IijOn to ,™,. 15: less favorable than Solution 8; fairlv active

after 19 h. (/9//. +).

10. 9 vol. /j m CaClj + 1 vol. ^ NasCoHjO,. A. (a little precipitate of Ca-citrate) a

little movement after 4 h. 5.> m. ; ceased by IS h. (4 /;. .55 »;,).

11. 19 vol. {'g m CaClj + 1 vol. '," NagCoHjO; (,1). A : active movement at first ; a little

movement after 24 h. B : a little movement after 41 li. l.> m. (A : J4 h.
;

B: HI'. ISm).
12. /„ m CaCl., + NaaCeHjO, to j"". A : more favorable than Solution U : a little move-

ment after 43 h. 51 m. B: a little movement after 41 h. 14 m. (\:
4S h. 51 m. ;'&. 41h.U /«.)•

13. /j m CaCl.i + NaaCjHjOo to ,"„. A : a little movement after 43 h. 51 m. B ; a little

movement after 41 h. 14 m. (A : ^ h. 51 m.\ B : 41 h. U >".)

In a third .similar series with "i CaCl3 even more favorable re-

sults appeared. In presence of
f^j

Na.^SO^ a little movement was
found to remain after eighty-six hours ; and movement lasted for the

same period in solutions containing tartrate and citrate in the propor-

tions f^, {'^, and '^'-^, in ^f^ citrate solution some movement persisted

after sixty hours and forty-two minutes.

The above salts thus exhibit well-marked antitoxic effectiveness in

CaCl., solutions. The indications are that the citrate, which yields a

certain number of trivalent anions in its solutions, is more effective

in low concentrations than the tartrate or sulphate. Increase of valence

seems generally to impart physiological effectiveness to an ion,

whether this be due to the presence of a greater number of charges

within the volume occupied by the ion, or to an incidental decrease in

its electrical stability resulting from increase in number of charges.

Valence, however, does not seem a factor of so great importance in

the case of the anions as of the cations.

On reference to the table on page 103 (Table VIII), it will be seen

that mixtures of nine volumes ^' CaCl.^ and one volume f XaCl are

more favorable than the pure ?' CaClj. The same is seen in corre-

sponding mi.xtu res of 5' BaCl.,, and MgC'l., (Tables VI 11, XI) with ^'XaCl.

In this solution the concentration of Cl-ions is only slightly different

from that in pure f CaClj. while that of the Ca-ions is reduced by
almost 10% ; the effective action of the anions is thus increased, since

Na is a less active cation than Ca which it replaces. The addition of

NaCl thus appears to have an antitoxic effect which some might con-
sider due to the Xa. Hut that the effect is in reality chiefly due to
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the increased anion action is indicated by the following series of ex-

periments, in which it is shown that the bron^ide has a n,uch more

effective action than the chloride under the same conditions.

TABLE XX.

1. ^-CaCU Traceofmovemen.aft^rlSh^U^J-.).
,^ ^„„^.,„,„y „„,e active

a. 9 V. ^ n, CaCl.

-.
J v-|«

:,;:\:- a^Z. ... praCC,. ceased by 42 M,. .)

3. . V. ,. . cci .1 V. ,„ . NaB. -fz-^::::xrt:^^^r:>i^-
tion 2 ; a little movement remains alter t* n. in i

. .

perimen. a little movement remained after 86 h. 56 m. (66 h.
,
87 h).

This marked degree of antitoxic effectiveness is to be ascribed to

thJp es" ce of the Br-ion which, as seen above, is more energetic in

hs acTon (as seen by its greater effect in producing -veiling eC)

han the Cl-ion. The action of the Ca is thus counteracted to a

Jeatr decree. The same is seen in the experiments with SrCl and

BaC be ow The greater antitoxic effectiveness of the brom.de in

Ss :e?a ion is probably to be ascribed to the lower decomposition

vJtage l^the Br-ion. Jince it is similar to the Cl-ion with respect

both to valence and ionic velocity.

The presence of small quantities of potassium cyanide s very e

fective with ? SrCl,. as will be seen below. n the case o CaC

the cyanide produces less decidedly favorable results. \et in low

oncrtration's it certainly prolongs movement; thus "- ser.e^f

solutions of A m CaCl., containing KCN in the concentrations ^,
"TTd -^. movement was found to last distinctly longer ban

r;he pure s^ol'udon. Whether this action is due chiefly to the CN-ion

which account of the slight dissociability of the hydrolyt.ca ly

formed HCN is present in such solutions in very low concen rations),

orTo the OH-ions (which are present in numbers almost equaUo ose

he K-ions). or to the undissociated HCN molecules is difficult to

1 with any certainty. The increased alkalinity, no doubt, plays a

Ts e "nee an equivalent addition of an all<aH hydro.x.de has a s.n. a

effect yet. as will be .seen more clearly in the case of . SrCU,. cjan

tlXl a more powerful antitoxic action than hydrates in very low

concentration, so that some r61e must be ascribed to either the HCN

molecules or ihe CN-ions in the solution (see the experiments with

'

Whh "'ta; the addition of allttle alkali is also favorable, although

littTe ca^ bl a ded on account of the insolubility of magnesium

hydrate A distinct increase in the activity of movement and in thej

J
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rate of detachment of cells is seen, and the movement, in all of the

four experiments tried, lasted decidedly longer than in the pure solu-

tion. The addition of small quantities of sulphate, tartrate, and citrate

as above had, however, no such decided effect as with "' CaCl.,. In

two series of experiments with varying mixtures of '!i MgClg and ^
MgSO^ ( I vol. MgClj + 9 vols. MgSO^, 2 vols. MgClj + 8 vols.MgSOi,

etc.) the most favorable solutions contained approximately equal vol-

umes of the two salt solutions ; the difference from the pure solution

of either salt was not very decided. In two experiments with mix-

tures of 9 volumes VV '« MgCl.^ -I- i volume -^ in NaBr movement was

considerably prolonged,— in one case a little movement remained

after 66 hours. KCN in the concentrations ^f^, ^^, VgoVo ^1^°

prolonged movement considerably. In general, however, the action

of salts with active anions in prolonging movement was less striking

than with f CaCl.^ or SrCl.^. It may be that in %' MgCl.j solutions

there is a closer approach to an equality of action between anion and

cation than in CaClj solutions; hence antitoxic action is in general

less marked.

With "' BaClj no evidence of antitoxic action was seen with acid.

On the other hand, addition of alkali to i% m BaClj proved favorable
;

in each of the four concentrations of NaOH, ^ "^, ^j"'„~,, ^"J.-^,
and

i
._,'"„„ , movement was decidedly more active and prolonged than in

the pure solution, lasting for more than 18 hours in each instance;

while in the control all activity had ceased in less than 4 hours.

The typical increase in swelling and detachment of cells is also seen

in these solutions, to a degree proportional to the concentration of

alkali. Of salts with active anions the bromide, cyanide, and citrate

proved effective; in one instance movement continued for over 90
hours in a mixture of 9 volumes W m BaClj and i volume "' NaBr.

The addition of a trace of cyanide enabled movement to continue for

18 hours, and of citrate for 30 hours ; no distinct action was obtained

with tartrate. The almost complete insolubility of the sulphate pre-

cludes its use in experiments with barium salts.

The action of anions in counteracting a toxicity due to predomi-

nance of cation action appears most clearly in solutions of strontium

chloride. Acid has no antitoxic action, merely accelerating the coag-

ulation which we have seen to be the effect of pure neutral solutions

of this salt ; while alkali has a most striking and decided influence.

The following series illustrates this action; standard KOH solution

was added to the pure "' SrCU in the concentrations named. The
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1. Pure ;' SrCls . •

2. ;• srcu + ,-;„ KOU

3. !i'SrClo + ,'?„l-^OH

4. '? SrCl., + „"!o KOH .

5. 3' SrCl, + ,;"». KOH .

6. ™ SrCU + ,i"„ KOH .

7. ?SrCl2+TJT5TjKOH.

action of each solution in pron^oting movement and in producing

swelling of the cells is briefly indicated.

TABLE XXI.

Slight movement after 10 m.; ceased by 20 m. No swelhng

of filaments; filaments are white, opaque, and smooth m

contour after 20 h.«50;«.).

Movement is active and cells are swelhng after IS m. after

42 m. movement has almost ceased and filament already

shows marked swelling and disintegration (i'S /«• .

Active long.continued movement; '^--'1':""!
^"""'"^^f

'"

1 h 20 m • a trace of movement remains after \) h. Z4 m.,

swelling and disintegration are then marked {19 h. U»>-).

Active movement as in Solution 3 ;
swelling is more gradual,

after 20 h. disintegration is well marked, but less so than

in Solution 3 (iS/'- ^4 '«+)•
. „,,.„„

Active movement; swelling is more g-dual than in Solut on

4 ; after 20 h. conditions are similar to Solution 4 (19 h.

MovfL"'nttas almost ceased by 19 h. 37 m,
;

swelling is rela.

lively slight [19 h. 37 m.).
„ , ,n-

ACive movement at first
;

is greatly ^'"-^^ a"'«,
,, Tre'

has almost ceased by 6 h. 30 m. After 20 h. fi --"' "
even-contoured (no swelling) and slightly whitish (6 />

Ouitfaaive movement at first; ceases within 1 h. 15 m •

^filaments after 20 h. are opaque and white as in neutral

solutions «1 h. 15 ;«.)•

The antitoxic action is thus clearly a "-^\ P-^^"^
°;,f ^"l^

..ns closely parallel to t^e anti coagulat.ve ae^ o th^ '
^U.^ In

another series of four -lu K,ns (KOH fr n.

^,Ve7»:enty-four
favorab e action was seen at ^^^^ (cUia stm acuvc .;

hours and nineteen minutes ; at -- there was only slight swe l.ng and

mo^Lent was considerably slowed after three hours and forty-five

: ntues. In the above series .- and -. KOH appear mos a -

able • in ^'- KOH the swelling action ,s too energet c, and nduces

a d isi^t-egraUon. In a third series of four -luUons o^J
SrCl

wi^h .sodium hydrate as antagonizer, the action was similarly favorable

^"-
•^

. ,„ VI _«_• at-^^ movement was only

in the concentrations ^^^ni- ^^^o^ 64oo' a*- 12800

slightly prolonged. Apparently a concentration of alkaU l>.ng be

tween -' - and -'"- is the least that will completely prevent the

cX^Utiveactio-rof the Sr-ions and so produce a marked counter-

action of the toxicity of the pure solution.

Solutions of potassium cyanide have an equal or even more pro

nounccd antitoxic action. The following table summarizes the results

of one series of experiments with this salt

:

8.
i"

SrClo + „T>.!.
KOH.
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TABLE XXII.

1. f SrClj + ,;, KCN. Movement has almost ceased after 42 m.; swelling is then well

marked (^ /«.).

2. J SrClj + ^, KCN. Movement is active and prolonged ; swelling is less rapid than

in Solution 1; a little movement remains after 19 h. 41 m.

(Id It. 41 m.].

3. -^- SrCIo f jfju KCN. More favorable than .Solution 2 ; a little movement remains after

43 h. 24 m. ; swelling is less marked than in Solution 2 {43

h. 24 m.).

4. T SrCI.^ -r ji';,, KCN. Movement as in Solution 3 ; after 20 hours filaments remain

clear and translucent in appearance; slight swelling {43 h.

24 m.).

5.
-'J

SrClj 4- nj'ljj KCN. Apparently more favorable than Solution 4; filaments remain

translucent; somewhat swollen after 20 h. {4S h. 34 »'.+).

6. ^ SrClo 4- nSoo KCN. Active at first ; after 2 h. 16 m. there remains relatively little

movement ; after 20 h. filaments are smooth and unswoUen

and almost opaque, though less so than in pure ';' SrCl.,

(a/i. 16 m. +).

7. ij- SrClj 4- is'sjij; KCN. Fairly active after 1 h. 16 ni ; filaments are opaque and white

after 20 h., like pure -';. SrCK,
(
1 h. 16 m. 4-).

S.' ;; SrCl.j + jiVno KCN. Like Solution 7, though less active (1 h. 16 »;.).

9. 'J
SrCU 4- ,,^110 KCN. A little movement after 42 h. ; coagulated after 20 h. as in

pure ¥ SrCU (42 m. +).

The optimum concentration of KCN seems here j^„ to ^^,„• In

another experiment movement lasted for more tlian eighteen hours in

^-^ KCN. In another series of determinations with "' SrCl., the maxi-

mum observed duration of movement in the different solutions was

as follows: —
"y„ KCN, five hours and fourteen minutes; ^,'"„ KCN,

forty-two hours and eight minutes; ^^^ KCN, sixty-seven hours and

twenty-eight minutes; ,„"'„„ KCN, eighteen hours and twenty-eight

minutes. The optimum here corresponds to that observed in the

series of Table XXII. A distinct though slight antitoxic action

is observed in concentrations of KCN so low as f5-^"Vo-

other salts. — Sodium tartrate added in concentrations of 'r; and /"
J U 4 'I

had a distinct though not pronounced action in increasing activity

and prolonging movement in ? SrCl.j. The addition of sodium bro-

mide in somewhat considerable quantity also proved effective and to

a greater degree. Thus in a mixture of 6 volumes ?' SrClj and 4 vol-

umes "5 NaBr movement continued for eighteen hours in one experi-

ment and for two hours and twenty-three minutes -f in a second; the

filaments showed marked swelling and disintegration after twenty

hours. Solutions with 8 volumes '" SrCl^ and 2 volumes 'f;' NaBr were

less favorable ; in each of two experiments movement remained active
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after forty minutes, but had ceased after five hours. With NaBr in

lower concentrations (9 vols. SrCl, + . vol. ?' XaBr, etc.) no ant.tox.c

action could be seen; in these solutions the filaments coagula e.

Sodium iodide acts similarly to the bromide. In 6 volumes , SrCl,

and 4 volumes 'i Nal movement lasted for two hours and twenty-

two minutes in one experiment, and in another was still active

after thirty-six minutes ;
coagulation is prevented in this solution^

In presence of less Nal conditions proved less favorable as vv.th

NaBr; 9 volumes '5 SrCl, and i volume ? NaT proved slightly efTec

tive Iodide is thu's more active than bromide. Slight indications of

antitoxic action were also obtained with solutions of sodium ferro-cya-

nide ; also with sodium sulphocyanate in ^ and ^„ concentrations

The most effectual salts for antitoxic action with "i SrCl, proved

in all cases to be those with strongly marked anion action
;

_

thus

NaBrOa and Na^HAsO, were found to exhibit conspicuous antitoxic

activity. The following table illustrates :

TABLE XXIII.

1 9 vol. ? SrCU + 1 vol. - NaBrOa (?>,)• Movement remains fairly aCije ^^^ ^^
'>! m.; filaments are translucent and somewhat swollen (9 '*+)•

2 "• SrCU + " NaBrO,. Movement is fairly active after 1 h. 4,S m.
;

has ceased by 2 h.

' "
45 m.; filaments swell, though less than in Solution (1 1 h. i5 n,. +).

3 " SrCU + S NaBrO,. Less favorable than Solution 2 ;
movement has almost ceased

'
^'-^"

by 1 h. 45 m.; practically no swelling; filaments are opaque and whne

(partial coagulation) after 20 h. (i//. 45 '«).
. c- , i

4. ? SrCI, + ,?, NaBr03. A little movement after 42 m. ;
coagulation as m Solution 3

(4~'m.).

; "> SrCL + " NaBrO,. Similar to Solution 4 (i2 ;«.).

6. \ IrC tZ. + 1 v:i. ;. Na,3HAsO, (,.). (Slight precipitate) quick v^go-us move

ment; filaments remain translucent; fairly active movement after 3 h-

45 m. (3 /(. 45 m.+)- c u cj ,«

7. ? SrCL4-i"oNa,,HAsO,. Quick movement at first ; a little movement after S h. 54 m.,

filaments swell (5 A. 54 '«.). .

8 -" SrCU 4- r, Na.,HAsO,. Active movement at first ;
fairly active movement remains

after 21 h. 46 m. ; swelling is then well marked (SI I,. 46 m. +).

9 •»SrCl,+ "",Na„HAsO,. More favorable than Solution 8; active long-contlnued

y. ,
3rv..i3 -r i,» i-''>2'" i iq m swel me we marked

movement. Fair movement after 32 h. jb m.
,

swemng

after 20 h. {SB A. SS m. +). ,,

10 "• SrCl,4- V3. Na^HAsO.. Vigorous and long-continued movement; more favorable

swelling after 20 h. {46 h. 6 m.).

,, ™ c,n 4- " Na.HAsO, Active movement; ceases sooner than in Solutoi lU

,

12. » SrCl, 4- -!!^'.M\.i\. A little movement after 28 h. 45 m.
;

well-marked swell-

ing after 20 h. (2S li. 45 '»).
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TABLE XXIII (continued).

13. y SrCla + ^„ Na„HAsO,. Active at first; almost ceased after 19 h. ; swelling less

than in Solution 12 (19 h.).

14. ; SrClo + i,"^, NaoIIAsO,. Active at first; almost ceased after 5 h. 6 m. ; fair swell-

ing after 20 h. (5 h. 6 m.).

15. ™ SrClj + ,„;'„ Na.jHAsOj. Similar to Solution 14 ; a little movement after 4 h. 20 m.

;

only slight swelling after 20 h. (i h. 20 m.).

16. j" SrCl2 + jj'Jinr Na.>HAs04. Movement much slower after 32 m. ; filaments are un-

swollen and opaque after 20 h. (Si m.+).
17. 7 SrCl -f „^,, NajHAsO,. Like Solution 16; filaments coagulated after 20 h.

(S-i m. +).

IS. r SrCl.j + ,,;'„ NajHAs04. A little movement after 31 m. ; filaments coagulated

after 20 h. (SI m.).

19. y SrCl.2 + jni^ii, Na.iH.^sO,. Less movement than in Solution IS; ceased by 30 m. ;

filaments coagulate (dm. +).

Sodium arsenate thus exhibits remarkable antitoxic activity in

solutions of strontium chloride; here again the action runs closely

parallel with its power of preventing coagulation; this power is still

effective at YiFhro dilution ; in lower concentrations the filaments

slowly coagulate and movement is prolonged relatively slightly,

although some slight action is evident even in
^
,,"'„

^

dilution.

Sodium bromate is less effective and requires higher concentrations.

The superior effectiveness of the arsenate tends to confirm the view

that valence as such is an important factor in determining the phys-

iological effectiveness of an ion. According to the above results

the trivalent ASO4 ion must be regarded as highly eflfective in this

relation.

Antitoxic action in solutions of other salts of plurivalent metals.—
I have made various attempts to antagonize "' solutions of AICI3 and

AI2 (S04)3 by means of the above salts: sodium sulphate, citrate,

arsenate, and potassium cyanide. In all solutions the action of the

Al-ions was prepotent, as shown by the prompt coagulation of

the filaments and the absence of swelling; ciliary movement also

failed to be prolonged perceptibly in any instance. The insolubility

of aluminium hydroxide precludes the use of alkali for this purpose.

Experiments were also made on the effects of addition of alkali and

acid to solutions of heavy metal salts. No indication of any antitoxic

effect was seen except in the case of manganese chloride, where the

addition of a little alkali appreciably accelerated the swelling and

seemed to increase the activity of ciliary movement. The action was

slight, however; the addition of sulphate and citrate bad no evident
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action. In brief, of various attempts to antagonize salts of alu-

minium and the heavy metals none gave decisive results. It would

appear that in these solutions the action of the cation preponderates

to a de<-ree that renders its counteraction impossible by addition ot

other salts We may infer that it is only in solutions where the influ-

ence of the ions of one sign preponderates relatively slightly over

that of the others that a really decided antitoxic action is possible

;

the alkali earth salts, on the one hand, and the various relatively non-

toxic sodium salts, on the other, exemplify this. In other words, the

above form of antitoxic action consists, according to this view, in

the counteraction of a relatively slight prepotency on the part of one

or the other of the two sets of oppositely charged ions in the tissue;

hence its possibility is confined to relatively few salts whose action is

approximately a balanced one. In living tissues under normal con-

ditions the balance between the two opposed ion actions must be pre-

served by some automatic self-regulatory process of adjustment, such

as appears in most if not in all cells to maintain the reaction of

the protoplasm at an approximate neutrality.

Summary and Conclusion.

I The injurious action of pure solutions of most sodium salts on

the ciliated epithelium of Mytilus may be counteracted by the addition

of salts of certain metals {e. -.. MgCl,) to a degree varying with the

nature of the anion of the Na-salt. Salts with the more toxic anions

(Nal, NaCNS, NaBrOg, etc.) admit of relatively slight counteraction.

Anions may thus be ranged in their order of toxicity.

2. This antitoxic action is well marked with Li- and Na-salts;

slight or absent in NH^ and K-salts.

3 Antitoxic action in solutions of Na-salts depends on the cation

of the added antitoxic salt; the most efifective antitoxic salts are those

of bivalent metals whose cations have high decomposition tensions

(alkali-earth metals and manganese); heavy metals are less efifective;

Fe", Co, Ni, Zn, Cd, Pb show diminishing effectiveness in this order;

Cu Hg, UO2 are without favorable action.

4 Acid (the hydrogen-ion) shows well-defined antitoxic action

with a large number of Na-salts : in general the more toxic the anion

of the Na-salt the more H-ions (or other antitoxic cations) are needed

for optimum antitoxic action.
^^

5. Trivalent and tetravalent cations (Al, Cr, Fe'", Th, Sn
)
ex-
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ercise antitoxic action in much lower dilution than bivalent cations ;

Al, Cr, and Fe'" show optimum action in increasingly dilute solu-

tions in this order; I'h and Sn'^ resemble Fe'" in their optimum

dilution relations.

6. The individual anions show a specific activity in producing

swelling of cells in isotonic solutions of K- or Na- salts. The order of

increasing toxicity of the monovalent anions corresponds with the

order of increasing activity in furthering absorption of water. This

order is: COOCH3, CI, NO3, CIO3, Br, I, CXS, BrO,,. OH. The
plurivalent anions in general show little activity in producing swelling.

7. Antitoxic action with solutions of Na-salts appears to depend

largely on the action of the antitoxic cation in retarding the swelling

or disintegrative action due to preponderant anion action. The fa-

vorable action thus depends largely on the production of an approxi-

mate balance between the opposed actions of anion and cation.

8. In solutions of SrClj a relation appears between antitoxic

action and the auticoagnlative action of the antitoxic salt ; the action

is due to the checking of a preponderant cation or coagulative action
;

salts with active anions thus show antitoxic action (NaOH, KCX,
NajHAsO^, NaBr, Nal, NaCNS). Other alkali earth chlorides show

similar relations.

9. In general, antito.xic action seems due to an approximate equal-

ization of the opposite actions of anion and cation on the colloids of

the tissue. Hence salts whose toxicity is due to predominant anion

action require salts with active cations for counteraction and vice

versa.





THE ACTION OF ERGOT UPON THE STOMACH
AND INTESTINES.

Bv S. J. MELTZER and JOHN AUER.

[From the Rockefeller Institute for Medical Research.']

Introductory.

THE literature on the pharmacology and toxicology of ergot con-

tains many experimental studies, but they relate chief!)' to the

action of that drug upon blood pressure and upon the contractions of

the uterus. Does ergot have a direct action upon the movements
of the stomach and intestines, does it affect the motor mechanism of

the gastro-intestinal canal, as it undoubtedly affects the uterine motor

apparatus ? As far as we could ascertain, no experiments have been

published which deal especially with this problem. It is true, some
text-book writers on pharmacology mention explicitly that ergot irri-

tates the muscle fibres of the intestines, and Cushny (Pharmacology

and Therapeutics, 3d edition, p. 477) cites Robert, who " observed

that stomach and bowels contract powerfully under cornutin." In the

literature which was accessible to us the following is all that Kobert

said on the subject :

'
" Stellt man einen derartigen Versuch an einem

weiblichen Thiere an, dem man unter den nothigen Cautelen den

Bauch geoffnet hat, so sieht man in dem Stadium, wo es beim nicht

schwangern Thiere zu heftigen Bewegungen des Magens und Darms
und Kiitleerung derselben nach oben und unten kommt, ganz ent-

sprechende Bewegungen auch am schwangern und nicht schwangern

Uterus auftreten." We note here, in the first place, that the chief

object of this statement is the occurrence of the uterine contractions
;

the violent contractions of the stomach and intestines are mentioned

only to indicate the stage of the intoxication. Furthermore the ap-

pearance of violent movements of the stomach and intestines is men-
tioned here as something known, and is noted in connection with the

' KonERT
: Archiv fiir expcrimentelle Pathologic und Pliarmakologie, 1SS4,

xviii, p. 336.
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occurrence of vomiting and diarrhoea. Now the occurrence of these

latter symptoms in intoxications by ergot is indeed a well-known fact.

In both forms of epidemic ergotism vomiting and d.arrhoea are pre-

dominant symptoms. But their occurrence was not asc-bed to the

production of violent peristalsis by the secale po.son, but to the pro-

duction of hemorrhages and ulcerations in the gastro-.ntest.nal cana

The violent movements of the stomach and intestines which Kobert

has observed in conjunction with vomiting and diarrhoea might

therefore, have been only secondary phenomena due to irntating

nflammatory processes within the gut. and the question remains

open whether ergot can produce gastro-intest.nal peristalsis as a pn-

"wefame across this problem while studying the effect of magne-

sium salts upon the peristalsis of the alimentary canal. The normal

peristalsis in the opened-up abdomen of the animal is too insignifi-

cant and inconstant a phenomenon to rely upon in an experiment in

which its inhibition should be satisfactorily demonstrated. In look-

inc^for means by which the normal peristalsis could be reliably inten-

sified we had recourse to ergot, of which we had known by previoi.

personal experience that in intravenous injections it is capable of

augmenting gastric peristalsis. However, since the -su t Inch

we have obtained in this series of e.xperiments were indeed satisfac-

tory, and not finding in the literature a report of experiments made

dir ;tly upon the subject in question, we decided to carry out a sys-

tematic series of experiments on several species of animals in which

the action of ergot upon the gastro-intestinal peristalsis was the chief

subject of investigation.!

During the somewhat belated preparation of this manuscript an article ap-

peared on the Action of Ergot^ in which, among other pomts, the effec of

ergot upon the movements of the stomach and intestines was also studied and

briefly reported. While the results mentioned in that article agree in gene al

w tl our own observations, there are abundant reasons for our be ef that t e

IJpearance of that interesting article does not make the report of our results

superfluous.

Method. -The experiments were made on dogs, cats, and rabbits.

As an ergot preparation we have employed exclusively the fluid ex-

1 A brief report of the results was made at the la.st meeting of the American

Physiological Society, December, ,905. See this journa^, xv, p. xxx,.

^ Dale: Action of ergot. Journal of physiology, 1906, xxx.v, p. .63.
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tract (Squibb's) for the following accidental reason. As we stated

above, we started using ergot, not to investigate this drug, but to

obtain by its aid an increase of the peristaltic movements, and we
utilized for this purpose the preparation which we had on hand.

After obtaining uniform and positive results with that preparation, we
preferred to continue the investigation with a product the effects of

which we had already satisfactorily tested. (Dale made his investi-

gations chiefly with " chrysoto.xin." He tested also cornutin (Ko-
bert) and sphaceloto.xin (Jacobj), and states that there was practically

no difference whichever preparation was employed.)

The administration of the ergot was invariably carried out by the

intravenous method. In a few rabbits this was done through the

marginal ear vein ; in all other cases the injection was made through
a cannula in the external jugular vein.

In the majority of the experiments the behavior of the stomach
and intestines was observed by direct ocular inspection ; in a smaller

number of experiments the graphic method was employed by intro-

ducing rubber balloons into the stomach and finger cots into the

intestines.

We have to state, however, that in our opinion the graphic method is a
very unsatisfactory procedure in studies upon gastrointestinal peristalsis, espe-
cially in problems of the kind we tried to solve. In the first place, the various

sections of the canal never show a uniform behavior, and thus it would fre-

quently happen that, while a large part of the intestines showed various and
variable contractions, just that piece of the gut which contained the small
inllated balloon remained at rest most of the time ; or, what may happen more
frequently, the balloon-bearing piece will show lively rhythmical contractions,

while the rest of the gut will be sluggish or entirely at rest ; the behavior of
the piece prepared for graphic purposes cannot be taken as an indicator of
the condition and behavior of the balance of the gut. Furthermore the pres-
ence of such a foreign body as an inflated balloon in some part of the gut, the
incision into that part for the insertion of the balloon, the suturing of this incis-

ion, and sometimes the ligation on both sides of the balloon,— all these gross
traumatic factors make that segment an extremely pathological sample of the
mtcstine, from the behavior of which no conclusions ought to be drawn as to
the actual physiological activity of a normal gut. In our experiments we have
therefore relied essentially upon the results we gathered from ocular inspection
of the entire unmolested canal, taking the precaution to draw conclusions only
from gross unmistakable changes.

Another difficulty we have to contend with in such experiments is the
method by which the viscera are made accessible to our inspection or for our
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exnerimentation. We are of the opinion that most investigators underestimate

.rpZd effect which the simple opening of the abdomen exerts upon he

a i'ity of the stomach and intestines. What we see, then, even under h

bes conditions, is only a fraction of what really takes place normally. We

Si d"? with Ihis que' tion at another time. The effect of the openu.g .s not

due to the pain brought on by the incision ;
it lasts many hours.

'
T eiToJedure int^oduced^y Van Braam-Houckgeest, -n-ly the openmg

of the abdominal canal while the animal is submerged m a bath of Plys;°l°§'.

: , alt s u" is now considered as the best physiological -ethod for^^,

purpose We have our doubts as to the indifference -'
'"^^^^

^^^'^^- J^^

apparatus of the gastro-mtestmal canal? furthermore
'^^

S -

intestines have of course a tendency to reach the surface of the hqu d. M en

I quantity of the latter is abundant enough, the mtestmes r,se as h>g he

mesentery permits ; this rising causes a pull upon the mesentery, and w>th t a

ullatioVof the inhibitory nerve fibres carried ^V the™ to em en,

which surely is not without effect upon the movements °
J ^

^
J^'';;^;,^^;;

seems to us that it would be rather profitable to acknowledge that he mforma

rLrived by any single method does not give the w>-^e -- ;b°u th

Bhvsioloc^V of gastro-intestinal peristalsis, but that, on the other hand, every

SI rJc: al.le of contributing some part of the truth.

.J^^J^^^^
^^^'^

contributes one side and the fluoroscopic method another s,d o te comp x

gastro-intestinal activity. Furthermore, even the observauon of ^e exposed

iscera without any bath is apparently capable ot ^heddn^g h U pon our

question. The discovery of the inhibitory function o ^^e M^l -hmcs and

other important observations were made by this simple method We la

men ion 'n this paper some methods of observing the abdomu.al viscera which

: hte mployed'in this and in other researches and which are Perhaps
,^^

Without claLing too much for them they too might serve to bnng out some

new facts less accessible to observation by other procedures.

Is to he present research, the absolute exactness of the method is not such

an tlrtai t factor, since the aim was not so much to study the precise be-

havio o the gastro-intestinal canal under normal conditions as to bring out

the effect whid. ergot might have upon that behavior. As long as the con-

S ions of the obse:vation: are the same before as after the administration of

er any changes in the behavior following this administration might justly

be' looked upon as the effect of ergot. However the results whic we hav

obtained were tried and verified by various methods which we shall presently

briefly describe.
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In one group of animals the abdomen was widely opened, so as to

show the stomach and all parts of the intestines. The viscera were

kept constantly moist by abundant warm normal saline, and the

temperature was regulated by the heat irradiating from an electric

lamp kept over the animal at a suitable distance. At frequent inter-

vals the abdomen was closed for ten or fifteen minutes.

In another group of animals the skin, after an incision was made

in the middle line, was extensively dissected free from the underlying

musculature, and so suspended as to form a deep receptacle. This

was filled with warm normal saline. The muscular cover was then

opened in the linea alba and retracted. The viscera were thus exposed

to full view in a complete saline bath. The liquid had to be often

renewed, as a part of it was absorbed into the subcutaneous tissue.

Now and then, when the solution became turbid by some admixture

of blood, it was removed and replaced by fresh saline. The blood

pressure in cases in which it was tested remained constant. Wrap-

ping the animal in cotton, application of hot-water bags, and the heat

from an electric lamp, etc., served to keep up the normal temperature

of the animal. The method is a satisfactory one. It has probably

already been employed by other investigators, but we are not aware

that it has been described by any one.

In another group of animals, especially in young rabbits, still a

dififerent method of observation proved to be very practicable. The

abdominal skin was extensively freed from the underlying muscula-

ture, which was left intact. Throui;h the translucent musculature

several parts of the viscera can thus be fairly well discerned. After

a little practice the behavior of the stomach, the c^cum, the as-

cending colon, and the mass of small intestines lying on the left side

in the angle formed by the stomach and csecum can be well recog-

nized. A definite increase or decrease in the movements of these

parts can be established with safety. The observation is still more

facilitated by a destruction of the dorsal and lumbar spinal cord.

Several parts of the viscera are frequently plainly outlined through

the relaxed abdominal musculature.

We are not aware that this method of observation has been used

and described by any one. E. II. Weber has observed through the

peritoneum the peristaltic movements of the intestines in a freshly

killed rabbit from the abdomen of which all the muscles were quickly

removed. Pal described the movements of the intestines in lean

curarized dogs, which he observed through the well-shaven but
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unopened skin durin- the suspension of artificial respiration. The

mode of observation <lescribcd above by us might be a useful addition

to this line of methods. At any rate, by this method we were enabled

to detect the normal movements of the ccecum in the rabbit which

cannot be seen after opening the abdomen. We shall deal with that

in another paper.

Finally, we might mention that in dogs we were able to study the

effect of ergot upon the stomach by the pyloric sound, that is, by the

sound that is audible (and palpable) when the strongly contracting

stomach is pressing air through the pylorus.

All of the animals were completely etherized during the operation,

and most of them received a subcutaneous injection of morphin

previously.

The Effect of Ergot upon the Stomach and Intestines

OF Dogs.

In all cases except one the cord was not destroyed ;
neither were the

splanchnics cut. In many cases both vagi were cut. After opemng

the abdomen, stomach and intestines were observed for some time

with re<^ard to the occurrence of spontaneous movements of any sort.

Also the peripheral end of one vagus (usually the left) was repeatedly

stimulated with induction currents for the purpose of studying the

effect of such stimulation upon the motor activity of the stomach and

intestines.

The " normal " movements of the stomach and intestines. — In most

of the dogs we have experimented upon there were more or less pro-

nounced movements of the stomach before any injection of ergot was

made. In some animals shallow waves were running sluggishly fver

the stomach from the fundus toward the pylorus. In others the

pylorus was the seat of deep, travelling contractions. In one case in

which the dorsal cord was destroyed (from the fifth dorsal vertebra

down) the contractions of the antrum as well as of the preantral

region were very strong. In two animals no movements were

observed in any part of the stomach.

The intestines have shown practically no spontaneous movements

in any of the dogs. In the animal with the destroyed cord some

movements were present, but they were moderate and distinctly less

frequent and less energetic than in the stomach of the same dog.

There was a slight temporary motion in one other dog with an intact

cord. (All dogs we have experimented upon were in the same stage
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of digestion ; thiiy were not fed on tlie day of operation, and stomach

and small intestines were fairly empty.)

Stimulations of the vagus were usually of short duration, rarely

lasting longer than fifteen seconds. Nearly without exception the

stomach responded to a stimulation of the vagus with a definite con-

traction ; in some experiments, however, the contractions, mostly of

the antrum, did not set in until immediately after the interruption of

the stimulation. The intestines, on the other hand, showed only in

one case a response to vagus stimulation ; in all the other experi-

ments they remained quiet during as well as immediately after stimu-

lation. Even in the experiment in which the cord was destroyed and

in which the intestines have shown some spontaneous movements,

stimulation of the vagus brought no increase of the movements.

It should be added that as a rule before the injection of ergot no

more than two or three stimulations were made.

After the injection of ergot.— It may be Stated in a general way that,

with the exception of one experiment, the spontaneous movements of

the stomach were definitely increased after the injection of ergot.

Since in the majority of the experiments spontaneous movements of

the stomach were present before the injection, the changes effected

by ergot were not always of a striking nature. However, even under

such circumstances, the increase was often well marked. The follow-

ing brief protocol of an experiment will illustrate it:

Experiment 1. Dec. U, 1005. — Female dog ; 4000. 0.04 morphin ; ether

... 3.57 p. M. began to observe stomach, 3.58 wave passing, 4.02 slight

wave, 2 waves in five minutes. 4.o4;.3C.c. ergot injected jugular vein.

Until 4.09 1 1 waves passed over the stomach, of which 7 were marked

"fair "and 4 waves marked "good,"— 11 waves in five minutes. 4.10;

again 2 c.c. ergot injected. From now on about 2 waves (" fair " and

"good" ones) passed every minute over the stomach. 4.18 wave starts

at antrum and travels toward fundus— antiperistalsis. 4.20 contraction

of '• transverse band " remains localized, does not travel. . . .

In this experiment before the injection the waves of contraction

were weak and infrequent, two in five minutes. After the adminis-

tration of ergot the waves became considerably more frequent, two

per minute, and the contractions were stronger. At a later period

the contractions became somewhat abnormal, antiperistaltic waves

appeared, and also tetanic contractions.

The increase consisted sometimes only in greater intensity of con-
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traction, or in the waves having their starting-point farther and still

farther back toward the fundus. When the contractions of the antrum

became very strong, as soon as the wave approached the pylorus, a

distinct prolonged sound emanated from over the pylorus, the vibra-

tions of which could also be definitely felt with the finger. As the

stomach was empty, the sound was produced by the passage of air

through the pylorus.

The appearance of such a pyloric sound can be well established by

means of auscultation with a stethoscope in the right hypochondriac

region in a non-operated dog after the intravenous administration of

a sufficient dose of ergot, as the following abbreviated protocol of

such an experiment will illustrate.

Experiment 2. Jan. SI, 1906.— Medium-sized female dog. Morphin and

ether. Cannula in femoral vein, no other operation.

I.20 p. M. Auscultation of abdomen with phonendoscope, no sounds

heard.

Until 2.i6. II c.c. of ergot injected, no sound heard so far.

2.26. A dull rumbling sound heard in the right hypochondriac region,

appearing every twelve seconds and lasting about five seconds

(metronome). Sounds occur with perfect regularity.

2.32. Abdomen opened, animal in deep anesthesia from ergot. No

contractions of stomach occur.

2.38. 4 c.c. of ergot injected. Immediately after a powerful contrac-

tion sweeps over the antrum. As pylorus is reached, a sound is heard by

unaided ear, vibrations easily felt with finger.

2.49. No contractions of stomach to be seen. 3 c.c. ergot injected.

Waves appear, starting at the preantral region, recurring about every

twenty seconds; less strong ; no sound heard.

2.56. 2 c.c. ergot injected again. Contractions the same, but less

strong. .

From 3.05 left peripheral vagus stimulated several times with 120 coil

distance. Heart stops. Stomach contracts slowly but powerfully, waves

stronger every sixteen seconds.

3.13. i.S c.c. -^ per cent atropin sulph. (= 1.5 mgr.) injected into

right femoral vein. 3.17. Very superficial waves passing over stomach.

3.20. L. p. V.' stimulated with 120. Heart not slopped, stomach not

contracted.

In this experiment the pyloric sounds were brought out by the

gradual injection of a comparatively large dose of ergot. The open-

1 L. p. V. means that left peripheral cut end of the vagus nerve was stimulated

with induction currents.
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ing of the abdomen removed the contractions as well as the sounds.

The addition of ergot brought on once more powerful contractions

and sounds, but the further addition of ergot reduced the energy of

the contractions and abolished the sounds. (The other observations

in the experiments will be discussed later.)

Experiment 3. Feb. 1, 1000. — Good-sized dog. Morphin and ether. Can-

nula in right femoral vein.

1.20. Dull "pressing" sounds heard with phonendoscope over the

pyloric region.

2.09 and 2.35. 3 c.c ergot injected each time.

3.50. No sound heard over pyloric region since injection of ergot.

2- 53- 3 c.c. ergot again.

3.09. Squirting muffled sounds lasting about one second heard over

pyloric area, recurring every thirteen seconds.

3-^3- 3 c.c. ergot again. Pyloric sounds much louder and longer

now, occur every thirteen seconds ; can be heard with unaided ear and
can be definitely felt. Sounds recorded on drum.

3.40. Sounds much louder and longer than before.

3.46. Again 3 c.c. ergot injected.

4.10. Sounds same as before, except that they are higher pitched.

4.15. I c.c. iV per cent atropin sulph. (= i mgr.) injected into femoral

vein.

4.20. No sounds heard over the pyloric region.

4.30. Wound sewed up and dog removed from table. .Animal in deep

anaesthesia and perfectly relaxed. Next day apparently perfectly well.

In this experiment there was a dull short pyloric sound which dis-

appeared after the administration of some ergot. Later on, when the

dose reached 9 to 12 c.c, the sounds reappeared and became gradu-

ally distinctly louder and longer.

The increase of the contractions of the exposed stomach appeared
sometimes immediately after the injection, sometimes not until a few

injections were given. After further administration of ergot a stage

was reached when not only no further increase was produced,

but, on the contrary, the result was sometimes a decrease in the

energy and frequency of the contractions.

The augmenting effect of ergot upon the motor conditions of the

intestines was very evident in every experiment, perhaps especially

so on account of the frequent absence of any movements of the intes-

tines before the injection. There was one form or another of motor
augmentation in the intestines after every injection of ergot. In
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some cases moderate spontaneous movements would soon appear in

different parts of the small intestines which subsided again after a

while. By repeating the injections the movements would become

very active and moderately lasting. In many cases the movements

assumed a regular peristaltic character, in others the contractions

would be very irregular, and in still others the contractions would

have more of a tonic or tetanic character. All flatness of the intes-

tines would disappear, the tubes although empty would look round

stiff sli-htly beaded, with hardly any motion. The latter form of

au-menration would occur frequently, especially after many injections

of er-ot were given. In other words, smaller doses of ergot would

favor" rather the peristaltic movements of the small intestines,

larger doses would tend to bring on a tonic or tetanic state.

Ergot had frequently an augmenting effect also upon the move-

ments of the duodenum, but the augmentation ran by no means par-

allel with that of the jejunum and ileum. (The protocols contain

very few notes on the spontaneous movements of the colonO

The injections of ergot undoubtedly augmented the motor effect of

stimulation of the vagus upon the stomach as well as upon the mtes-

tines. And here, again, the augmentation was more evident in its

effect upon the intestines than in that upon the stomach, and again

perhaps, essentially for the reason of the frequent absence of any

effect of stimulation of the vagus upon the intestines before the

injection of ergot, the sharp contrast made the effect more evident.

In the stomach as well as in the intestines the augmented contractions

were in most cases of a tonic character and rarely consisted in in-

creased peristalsis. The effect upon the stomach would manifest

itself mainly in contractions of the antrum, and only in a few cases

was there a moderate tonic contraction of the whole stomach. The

antrum would contract mostly during stimulation, but sometimes only

immediately after its interruption. The development of the contrac-

tion would as a rule be very slow, but reached sometimes extreme

de-rees, so that the entire antrum looked like a gray thick cord.

However, such extreme degrees of contraction of the antrum are liable

to occur sometimes without the influence of ergot. It was different,

however, with the intestines. In some cases, after a few injections

of er-ot were given, on stimulation of the vagus the intestines stood

up as loops of gray cord ; there would be a state of tetanic contrac-

tion such as we have never observed occurring in normal conditions

of the animal.
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In a few cases after the intestines have shown a distinct augmen-
tation in response to the vagus stimulation, further injections of ergot

brought out opposite responses to stimulations of the vagus. Either

the intestines failed to contract, or the stimulation inhibited an exist-

ing spontaneous peristalsis, or, if the gut was previously tonically

contracted, the stimulation would bring a distinct relaxation.

Some authors state that stimulation of the vagi e.\erts no augment-
ing effect upon the movements of the large intestine. In a few in-

stances, after injection of ergot, stimulations of the vagus brought on
definite peristaltic and tonic contractions of the colon.

The stimulus which produced the strong contractions of the intes-

tines had in many cases to be distinctly stronger than the one which
completely stopped the heart beat. This fact gave sufficient evi-

dence that the contractions of the intestines were not a secondary
effect due to the anaemia resulting from the stoppage of the heart.

Another fact in support of this view is the observation that in some
instances after injection of a dose of atropin sufficient to abolish the
cardiac effect of the vagus, a stimulation of this nerve was still capable
of bringing out some definite contractions of the intestines. We
have, however, to state that in our experience atropin reduced in all

cases the effect of vagus stimulation upon the contractions of stomach
and intestines, and in a few instances entirely abolished the effect

upon the stomach. This occurred even with such small doses as

one milligram of the drug. Even the spontaneous movements were
often distinctly diminished.

The following few abbreviated protocols will serve to illustrate some
of the statements made above:

Experiment J,. Dec. 15, 1905.— Young female dog, 2500. Morphin and ether.

3.15 P.M. Observed for twenty minutes. Pyloric part of the stomach
shows active i^cristalsis, occasional slight movements of the duodenum, no
movements of the small intestines. L. p. v. stimulated with 1 10 : strong

contraction of pylorus, strong peristalsis of antrvim, beginning only after

stimulation. No effect upon small intestines.

3.25. 2 c.c. ergot injected. One minute later duodenum and small

intestines show definite moderate movements. No change in stomach.

3. 28. Again 2 c.c. ergot.

3 29. Smalt gut much more folded, no other change. L. p. v. no:
strong contraction of pylorus to whitening, duodenum blanched, move-
ments of small gut increased. .After stimulation good and strong

contractions of antrum and pylorus
;
good pyloric sounds with each wave.
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A fcnv more stimulations show the same effect, except that colon also

contracts during stimulation.

,.Sc. Stimulation has now no more effect upon the small gut.

, i . C.C. ergot again, .^t 4.00 and 4-4 slimulat.on same as before

with'strong pylorfc sounds ; again definite effect upon small nUestu.es and

colon.

4.10. Effect of vagus upon small intestines gone again.

In this experiment with each injection of ergot the spontaneous

n.ovements of the intestines as well as the vagtts infl-"-;P-
f/^^^

were at first distinctly augmented, but the augmentation became

less some time after every injection.

3.48. Stomach and gut quiet. L. p. v. i_o. ^oou

stomach and intestines, but no peristalsis.
,t„niach

. ,3. I c.c. ergot. 3-55- Slight peristaltic contractions in stomach

and intestines ;
dLppeared in a few minutes. L. p. v. r3o

:
no percep-

^'^lirTc c ergot. Stomach and gut now show fair peristalsis.

i , , L P V 120 : powerful contraction of the stomach and gut.

t.S," 4.30I and 4.49- L. p. v. 120 : very powerful contractions of small

intestines, loops stand up like wire coils.

tJs ^ c.c: ergot. L. p. v. 120: as before, powerful contractions of

stomach, shows some antiperistaltic movements. . .
•

The influence of the ergot upon the vagus effect, especially upon

the intestines, was in this experiment, as in some others, very stnk-

ing indeed.

Experiment 6. Jan. 11, i90«.- Female dog. Morphin and ether.

"^4
,0. Slight motion of stomach and gut. L. p. v. ,20 :

stomach con-

tracts well, no response of gut. Stimulation repeated 7
tmies with

'^34- -fetgot. One minute later small gut shows definite increase

"
'Ijtnf4.50. L. p. V. r20 : good contraction of stomach

;
gut more

active during stimulation, greater tonus.

4.55. , cc. ergot. Small gut definitely more active (peristalsis),

stomach quiet.^

..o: good contraction of stomach, movements of gut

stopped. Afte; stimulation: waves passing slowly over stomach, gut

shows more motion than before stimulation.
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5.01. I c.c. ergot. 503. L. p. v. 120: as before, very powerful con-

tractions of stomacli.

5.15. L. p. V. 120: stomach contracts, ^//Z /r/<j.v«.

5.1S. I c.c. ergot. 5.21. Yj.^.v. : giU relaxes during stimulation.

In the above e.xperiment, then, after repeated injections of ergot

stiinulation of the vagus caused repeatedly a distinct relaxation of the

intestines.

Experiment 7. Jan. SO, 190G. — Medium-sized dog. Morphin and ether.

By graphic method : rubber balloon in stomach connected with Marey's

tambour.

2.05. L. p. V. : definite contraction of stomach.

2.07. Intravenous injection of 2 c.c. -jV per cent atropin. L. p. v.

120 : stomach no effect ; heart not stopped.

2.08. I. c.c. ergot. L. p. v. 120 and R. p. v. 120: stomach no

effect ; heart not stopped.

Abdomen opened and viscera examined by ocular observation.

2.20. L. p. V. 120 : gave fair contraction (contractions not transmitted

by balloon), no effect upon gut.

2.35. L. p. v. 100: stomach fair contraction, movements of gut

definitely increased, heart not stopped.

2.39. 2 c.c. ergot: good deep waves pa.ssing over stomach, pyloric

sounds heard at regular intervals, gut moves well.

2.44, 2.49, and 2.52. L. p. V. 100, long stimulations: stomach move-

ments at first less, then gradually improving; pylorus sounds less frequent

during stimulations
;
gut moves less during stimulation.

3.00. 2 c.c. ergot. 3.02. L. p. v. 100 : during stimulation gut a

little more active, and stomach less ; after stimulation contractions of

stomach improved.

3.08. 2 c.c. ergot. 3.09. Stomach and gut definitely less active than

before injection. L. p. v. 100: good antiperistaltic wave sets in at end

of stimulation (stomach).

In this experiment a dose of atro])in which abolished the cardiac

effect of the vagus permitted some action of this nerve upon stomach

and intestines. The effect, however, was apparently greatly intipaired.

In the next experiment the same dose of atropin interfered radically

with the vagus effect upon the stomach.

Experiment S, y<tn. 20. — Medium-sized female dog. Morphin and ether,

cord destroyed below the 4th dorsal vertebra.

1.25. Powerful contractions sweeping over stomach, gut shows slight

motion. L. p. v. 150. Powerful contraction of stomach; gut shows

no effect.
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,40 •• c c ergot. 1.42. G"t distinctly more active now, " separated

into many rings." Stomach contracts much more than before, and pyloric

sounds heard now at regular intervals.

, 4S and I 50. L. p. V. ,50 : heart stopped, stomach contracts very pow-

erfully, gut blanched, increased tonic contraction, no mcreased peristalsis.

1 ^7 2 c.c. A per cent atropin (2 mgr.).

i' c Stomach movements strongly decreased, gut moving as before.

1 58. L. p. V. 150 : heart not stopped, no effect upon stomach, gut

shows slightly increased contractions, no peristalsis.

i.co. 2C.C. ergot. 2.03. L. p. v. 150 : as before.

,06. 2C.c.ergot. 2.09. L. p. V. 150: as before, but gut shows slight

increase in peristalsis. Two more stimulations with same result

2 17 2 c.c. ergot. No increase in spontaneous movements ot gut,

stomach perfectly quiet. L. p. v. 150 : same as before.

2 24 LP V. 100, stimulated twice. Moderate increase 01 movement

of gut After long stimulation and even during it pylorus contracted, and

once some antiperistalsis followed.

2 28 2 c.c. ergot. 2.32. L. p. v. ,00: after a long stimulation pylorus

contracted (not stomach) and gut showed fair increase of peristalsis;

heart not stopped.

In this experiment, as in others, atropin interfered with the action

of the vagus upon the stomach a good deal more than with its action

upon the intestines.

It may be mentioned that in dogs ergot worked as an anesthetic.

After the animals received 4 or 5 cc. of ergot they remained in pro-

found narcosis for the rest of the experiment without any other

3.tTT6StllCtlC

Experiments on cats.- Only f^ve experiments were made on cats.

The following two abbreviated protocols will illustrate the essential

facts of experiments from this series

:

Experi,ncnt 9, -June IS, 190G. - Medium-sized cat. Morphin subcutaneous

o 01 and ether. Incision in middle line of abdomen, skin dissected off

so as to form a receptacle aboNe the muscular cover. Filled up w,th warm

saline and muscles of abdomen opened. No movements of stomach or

^"
1 1 40 L p. V. I 20 : practically no effect upon gut or stomach.

Until I. s6 L. p. V. no stimulated three times: gut no effect, stomach

disappears from view during stimulation. Since stimulations began stom-

ach shows spontaneous movements, superficial waves passed toward the

pylorus, about 5 in a minute, gradually getting deeper.
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12.02. I c.c. ergot. From 12.04 small intestines and colon show fair

contractions, coils of small gut definitely rounder now than before; con-

tractions in small gut slightly travelling, some slight peristalsis. Stomach,

no definite change.

From 12.27 to 12.35. L- P- V- 'i°> 4 times: gut contracted only once

and wave swept down. Gut shows swaying motion between stimulations.

Stomach waves now powerful.

12.42. I c.c. ergot. 12.45. Contractions of small gut more frequent

and stronger than before, movements progress more rapidly and only in

one direction. Constrictions of the stomach deeper, 6 to the minute.

12.53. L. p. v. 110: tonic contractions of entire small gut, coils stood

up like wire rings, beaded, remained in same state for fifteen or twenty

seconds after stimulation. Stomach disappeared from view during stimu-

lation ; when it reappeared the travelling contractions seemed to be still

deeper.

Until 2.21 ergot was injected 5 times, i c.c. each time. The sponta-

neous contractions of gut lost more and more their travelling character,

gut became more tonically contracted, looked beaded. Contractions of

stomach gradually became less vigorous. L. p. v. no, stimulated a

dozen times. Character of effect upon intestines remained the same, but

diminished in energy. At first the after effect gradually disappeared
;

later the gut began to rela.x, while the stimulation still continued. The
onset of the tonic contraction during stimulation became less abrupt, and

the gradual successive entrance of the different parts of the small intes-

tines (from above downwards) into the contraction became gradually very

plain.

2.25. 2 c.c. of I'j per cent atropin (2 nigrs.) injected.

2.26. L. p. v. no and 90: heart not stopped, no effect whatsoever

upon gut and stomach.

The augmenting action of ergot upon the spontaneous contractions

as well as upon the vagus effect was in this experiment, as far as the

gut is concerned, beyond any doubt. There was also a greater vigor

of the contractions of the stomach after the first injections of ergot.

It is, however, not absolutely proven that it would not have occurred

even without the ergot, since the stimulations of the vagus alone

seemed to produce some lasting effect upon the spontaneous activity

of the stomach.

Experiment 10, Jline ig, IQ06.— Cat. (All preparations as in previous ex-

periment, except that Ringer's tluid was used for the bath instead of a

solution of sodium chloride.)

12.15. No movements of stomach and intestines. L. p. v. 160: some
tonic contractions of entire stomach.
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, 2 -o ICC er^ot. 12.25. Moderate waves pass now over stomach,

gradually increase in vigor. 12.27. Slight motions set in also m gut,

become pendular. L. p. v. .60: twice, responds once w,th contraction

of stomach, no effect upon gut. 12.39- ' ^.c. ergot, i 2 42- Stomach .

waves more frequent, deeper and starting farther to the left. Small gut

:

pendular movements and slight travelling of contractions. 12.51. L. p. v

,60, stimulated ten seconds: contractions of stomach increased
;
smal

intestines contract strongly exactly in the manner described m Experiment

q (the coils standing up like large rings) with same after eff-ect. 12.55.

Stomach : waves more frequent, but more superficial ;
small gut round ;

^„fc- , on irr ei-trot i.o;. Entire Stomach
moderate swaying movements, i.oo. 1 c.c ei ot. 1.05

c„„u cut

more tonically contracted ; waves deeper, but less frequent. Small gut

round, tonically contracted; infrequent irregular contractions. i.oS

L t) V ,60: stomach could not be observed; small gut contracts as

durfrig iast stimulation, but relaxed soon after, and a few seconds later

contrLted tonically again, showing at the same time some travelling

movements. „, ^,^^„^^.

Until 2.30 three more doses of 1 c.c. ergot were given. The sponta

neous movements became less, the tonic contractions remained about the

same gut looked beaded. The course of the response of the small gut to

r p'v' !6o was about the same as in Experiment 9, except that after the

relaxation in the after-effect a distinct tonic contraction set in agam, last-

ing ten or fifteen seconds. The spontaneous contractions of the stomach

became gradually less, although each injection of ergot had a tendency to

strengthen them for a short time. L. p. v. 160 had more and more the

tendency to abolish the waves of the stomach, although sometimes a mod-

erate tonic contraction would seem to set in instead. (In this experiment

spontaneous movements of the colon would appear sometimes after ergot,

and L p V. 160 would sometimes bring on a moderate contraction.)

2 „ I C.C. of A per cent atropin (i milligram). L. P- v. 160 and

140 -heart not stopped, no effect upon stomach or intestines
;

no spon-

taneous movements of stomach and intestines seen anymore.

In this experiment also the most striking effect of ergot was its

augmentation of the vagus action upon the gut. The effect upon

the stomach, although a little more pronounced than m Kxpenment

q was also in this experiment not very striking.

The contraction of the stomach in cats, although sometimes at least

as vigorous as those observed in dogs, never brought out any py-

^°

We\°hould also mention that in cats ergot did not seem to aid the

general anaesthesia to any degree.
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Action of ergots iu rabbits.— In all the experiments in which the
abdomen was opened, there was not a single case in which the stom-
ach before the injection of ergot had shown spontaneous movements.
Stimulation of the vagus brought out a moderate contraction of the
pyloric part in some cases ; in others it had no effect at all. The
small intestines have shown some degree of motion before the injec-
tion of ergot in the majority of the experiments, and in a few of the
intestines were quite active. Stimulation of the vagi had in most
cases no effect at all, and in one instance, in which there was a lively
spontaneous activity, the stimulation definitely stopped all the move-
ment. In two cases in which stimulation seemed to have some effect
upon the intestines, the affected movements were very slight. In
every one of the experiments the injection of ergot had an unmistak-
able augmenting influence upon a good part of the motor phenomena
under investigation.

The spontaneous movements of the stomach in rabbits with open
abdomen benefited very little from the ergot. There was only one
case in which after the injection the stomach showed slight spontane-
ous movement. A somewhat better effect was exerted by the ergot
upon the response of the stomach to the stimulations of the vaglis.
There were definite contractions of the stomach in cases where before
the injection no response at all could be elicited ; and in cases in which
stimulation of the vagi caused some contraction of the stomach, those
contractions were unmistakably augmented. However, ergot showed
a more pronounced influence upon the movements of the intestines.
Nearly in all cases sooner or later after the injection spontaneous
peristaltic movements of the small intestines set in, and if there were
some movements present before the injection, those were distinctly
increased after it. And here again, as in the dog and the cat, the
greatest influence of the ergot was e.xerted upon the response to
vagus stimulation. The first influence was, as a rule, to produce a
definite increase of the peristaltic movements. At a later stage,
however, or after two or more injections, a vagus stimulation would
bring on striking tonic contractions of -parts or the whole of the
small intestines. The following two abbreviated protocols will
illustrate some of our general statements.

Experiment 11, December 15, 1006.~ Rabbit. Ether.

S-oo. No movements of stomach, slight movement of small intestines,
colon quiet. 5.05. L. p. v. 130 and no: no effect upon stomach or
intestines. 5.09. i c.c. ergot. Movements of lower small gut become
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quite active. Stomach quiet, colon shows some motion. S-'^- L. p. v

L: movements of gut became at once more active^

^^^ove
showed a constriction at antrum, did not travel to pylorus. No move-
*'

"

, ,. .. ,« r,fi rr ert'Ot. Movements of
ments of duodenum at any tmie. 5.18. o.b c.c. er^oi. i

gut become more active. 5.'9- I^- P-— = -"', " '

T e

that stomach showed constriction at antrum and pylorus. S-"- ^^^^^'^

small gut very lively ; stomach and duodenum qu.et. 5.25- L- P- ^- ' •« '

amrum and 'pylorus contracted strongly, duodenum blanche ,c.cum

showed strong wave of contraction ;
movement of lower small g« no

increased q ^7- L. p. v. i ,0 : stomach contracts strongly as before, gut

more active, also colon ; no effect upon c.cum. (Among the stimulations

at this period there was one at 6.33, which had no augmentmg effect

upon stomach, and the movements of the stomach became definitely les.)

%..,>«.«/ i5.- Gray rabbit, 1500. Ether. 3.35- Good vermicular

movements of small gut (stomach not noted). 3-37. L- P- v- no :
strong

tonic constriction of antrum, movement of small gut stopped
;
after stimula-

tion small gut active again for a short while. 3-43- Gut qu.et. L. p. v .
,
o :

no effect on stomach or gut. 3-46. Moderate squirmmg of small gu .

L p v no: contraction of antrum, small intestines become more qu.et.

350. Left splanchnic (intact) no- everything quiet. s-S^- Gut quiet.

Lpv no: contraction of antrum, gut remains qmet. 3-55- '-S

c c er-ot. Shordy after slight waves passing over stomach, very active

pendular movements of small gut, good peristaltic waves of colon. 4.02.

L. splanchnic 1 10 : everything quiet. A few seconds after stimulation :

movements of small gut begin again. 4-07- L. p. v. 1 10 :
very powerful

contraction of antrum, small gut more active, movements of colon.

4. , 5. Respiration poor ; artificial respiration started and kept up during

rest of experiment. 1.49- ^0°^' peristaltic waves of small gut
;
stomach

shows occasional moderate peristaltic waves passing towards pylorus. L.

p V no- slow, strong contraction of antrum ; marked contraction of

duodenum and small gut. (" A patch of about i centimetre would contract

down to a cord and gradually relax ; this swept as a wave down the gut. )

Colon contracts slowly after stimulation ; this effect continues for some

time 4 "5. Small gut shows good movements, stomach and colon quiet.

Lpv no: antrum moderately constricted, small gut practically con-

tracted into a cord; aftq; stimulation gut relaxed, and no movennents.

4.32. L. p. V. no : the entire lower small gut contracted into a cord.

In some experiments atropin was given ; the spontaneous move-

ments of the gut, as well as the effect of vagus stimulations upon

these movements, seemed to be more or less affected by it.

As we have stated above, in rabbits we have studied in a number

of experiments the movements of the abdominal viscera through the
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intact muscles of the abdomen after removing the skin. On the left

side of the abdomen in the angle formed by the stomach and the

caecum, a convolution of small intestines can be fairly well observed.

Here we have often seen that after injection of ergot the peristaltic

movements were distinctly increased. The tonic contractions of the

intestines cannot be recognized by this method.

By this method as well as through the normal skin we could study
with profit the movements of the cajcum and stomach in rabbits. We
shall deal with it in a separate paper. Here we wish only to state

that, when the movements of these organs were studied by the

methods mentioned, it was found that ergot increases definitely

the spontaneous movements of the rabbit's stomach as well as of the
cajcum.

Our experiments on the three species of animals show conclusively

that intravenous injection of ergot augments the motor activity of the

gastro-intestinal canal. The spontaneous movements of the stomach
in dogs were unmistakably increased ; they were also apparently in-

creased in cats. There was practically no increase in the spontaneous
movements of the rabbit's stomach when it was observed in the

opened abdomen, but, as we know from other experiments, ergot

increases undoubtedly the movements of the stomach when they are
not profoundly affected by the abdominal incision.

The spontaneous movements of the small intestines were un-

doubtedly augmented by ergot in all the three species of animals.

There was also some increase of the movements of the colon, although
by far not in so striking a manner as in the small gut.

The motor response of the stomach to stimulation was distinctly

augmented by the injection of ergot in all the species. The most
striking effect of ergot was observed in the influence of vagus
stimulation upon the contractions of the intestines. In nearly

each and every case in all three species of animals stimulation of

the vagi brought out an unmistakable increase of the peristaltic

movements, as well as a remarkable tonic contraction of the entire

small gut.

The last results are of special interest. As is well known, there is

quite a divergence of opinion with regard to the effect which stimula-

tion of the vagi has upon the movements of the intestines. While
most of the earlier writers reported that they had seen a contraction

of the intestines (Ed. Weber, Hudge, Nasse and others), or some-
times an increase and at other times a decrease of the intestinal move-
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ments (Pflueger and others), some of the writers stated that in their

"elLts ;n dogs stimulation of the vagi had
^^^^^^^^^^^^

movements of the intestines (Animus and Legros, Pohl
)
or that there

.ff^rts of the va-i they took the precaution to destroy the cora or

was not destroyed and the splanchnic nerves were intact, ^^xer

e .
afler injection of ergot, soon after the beginning o a vagus tm-

ulation and during its continuation a motor
f^^^^

^^Jf
^ 7,;:

character appeared frequently (tetanic -"^-^^;:;
!f;;j;,fe,°L or

.mall gut). This^^^^^xs:"^^^:^.^
after a single large dose. The repetition oi

phenome-

:rw:^^r::^rt;^:r-:irt an/p^vious

°'?h7au.menting effect of a single injection of ergot would seem to

wea off gradually^nd would disappear at first --P^^^^ y

'J^

^ °

rf ^ ^»c After reneatino- the injections, the effect would at

fifteen minutes ^fter repeatm J

^^^ ^ ^^ous move-

ir::a;'°';;:rr:rcr'r repeaxa i„iecu„„s s,i.„u„o„ »,

. BAVUSS .»J Sta.lis-g: Jo.rn.1 of phy.olos,, .S99, ^^'-. P- »' »

1901, xxvi, pp. I07> 125-
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the vagus either stopped the movements or relaxed the tonically con-

tracted gut.

In a general way it may be stated that smaller doses of ergot

have a tendency to increase the rhythmic contraction of the gastro-

intestinal canal, larger doses have a tendency to put it to rest in an

aggravated tonic state, and still larger doses might occasionally even

favor a relaxation of the gut.

It will be remembered that the same is assumed by a great many
writers for the effect of ergot upon the uterus: small doses in-

crease the rhythmic activity of the organ, large ones cause a tetanic

contraction.

We should mention that in some of our experiments after injection

of ergot, stimulation of the vagus distinctly caused a contraction of

the colon. Starling and Bayliss state that they have never seen any
effect upon the colon from stimulation of the vagus. The same was
stated previously by other authors. Pal, however, asserts strongly

that in his observations stimulation of the vagus causes contraction

of the colon. While we have certainly seen such an efifect occur-

ring after the injection of ergot, the efifect is apparently by far not

so frequent as in the case of the small intestines.

We have mentioned above that Dale, in his recently published in-

teresting researches upon the action of ergot, has also studied its effect

upon the stomach and intestines. His statements are very brief.

For the stomach he states " That the injection of fifty milligrams of

active chrysoto.xin intravenously (cat) caused ... a slight increase

in the tone and rhythm of the stomach." The influence upon the

effect of the vagus he does not mention. I-'or the intestines he

states that "in the 'stimulant stage' in the dog . . . the pendulum
movements of the small intestines showed when fifty milligrams of

chrysotoxin were given intravenously, a brief inhibition followed by a

permanent increase both of the tone of the muscle and the ampli-

tude of the pendulum movements." " The effects were neither strik-

ing nor constant, and in any case difficult to interpret." " It is

difficult to determine to what extent these effects are due to the

changes of blood pressure in the pithed animal or to the progressive

asphyxia in the animal without artificial respiration." The last re-

mark we do not fully understand. At any rate, we never worked with

animals " in progressive asphyxia without artificial respiration," and
our results seem to us to be rather striking. As to the doses, we do
not know how fifty milligrams of chrysotoxin compare with the doses
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of fluid extract which we have employed. We wish to call attention

to the fact that Dale has studied the small intestines by the

balloon method," that is. with a balloon in the small intestines. This

method, however, which gives us graphic curves accessible to analysis,

is at best, as we believe, capable only of giving information of the state

in which the abnormal injured small piece of gut is which contains

the balloon, but not of the condition of the balance of the gut which

also, as Bayliss and Starling pointed out, is not in a nornial state

the distending balloon (and the cut in the intestine, see Cannon
)

affecting it more or less profoundly. We believe, therefore, that by

reason of the difference in the method alone our results are not

exactly comparable with those of Dale. At the same time it may

be pointed out that in a general way Dale also observed the aug-

menting influence of ergot upon the movements and tonicity of the

stomach and intestines, and also that the effect of the vagus st.mu-

lation was increased.

Of great interest in Dale's studies are his observations on the

action of ergot upon blood pressure and some other functions. He

finds that while medium doses of ergot have a stimulating effect,

lar-e doses produced a " paralytic stage," so that for example in this

stage adrenalin, instead of causing an increase of blood pressure,

causes a fall. Dale assumes that large doses of ergot paralyze the

motor nerve endings or their " myoneural junctions," leaving the

inhibitory fibres unaff-ected ; hence the relaxing efi-ect. It wi
1
be

,eu.-ibered that in a few instances we observed that after arge

doses of e.'vot stimulation of the vagus caused a stoppage of the

peristaltic move,.«nts or a relaxation of the contracted gut. We

were inclined also i. assume that in these cases the large doses of

er^ot paralyzed the moto, fibres, leaving the inhibitory nerve fibres

u.rafrected ; hence the inl^bitory effect. Dale, however, restricts

his theory to the sympatheti- nerves, assuming that the cranial (and

sacral) nerve supply is not pralyzed by ergot. Future studies will

throw light on this interestinj,question.

Finally, we have to add a vord on our experience with^ the

effects of atropin upon the mover.ents of the stomach and intestines.

Nearly all investigators state that tropin paralyzes the effect of the

va^us upon the stomach and intesines, and reduces the spontaneous

movements of the digestive canal. Our own observations were in

1 Can.mon and Murphy: Anals of surgery, April, 1906.
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harmony with these statements. Sometimes only one milligram of

atropin was sufficient to completely abolish the effect of the vagus

upon the stomach, even with ergot. The effect of the vagus upon

the intestines seemed to be a little more resistant to atropin. The
spontaneous movements were also distinctly reduced, and here again

the movements of the stomach seemed to suffer more than those of

the intestines. In some cases atropin seemed to be less effective,

and a dose which was sufficient to abolish the cardiac inhibition still

permitted a motor effect from the vagus upon the stomach; the

effect, however, even in these cases, was greatly reduced.

Many recent investigators have used atropin systematically in all

tjjeir studies of the effect of the vagus upon stomach and intestines.

We believe that in these cases atropin was at least one of the factors

why in some of these studies the motor effect of the vagus was

missing or greatly reduced. Bayliss and Starling have used (it

seems regularly) four milligrams of atropin. It is, perhaps, on that

account that these authors, even after the elimination of inhibition,

have seen the augmenting effect only after repeated stimulations and

only after a long stimulation, and then mostly only in the after-effect,

while many of the older investigators had no difficulty in observing

the motor effect of the vagus upon the intestines without any further

preparation. While atropin eliminates the possibility that the motor

effect is only secondary to cardiac inhibition, it affects, too, profoundly

the effect itself and therefore greatly obscures the observation. We
may state that in one case, in which two milligrams of atropin com-

pletely abolished the vagus effect upon the stomach, we found that

about one hour later the pylorus commenced to respond moderately

to vagus stimulation. We assumed then that it was possibly due to

a gradual wearing off of the atropin effect.

R^SUMIi.

Ergot increased the spontaneous movements of the stomach and

intestines and augmented the motor effect of the vagus. Moderate

doses increased the frequency and energy of the normal movements;

large doses had a tendency to produce more tetanic and less rhythmic

effects,— a condition similar to that observed in the uterus. After

large doses stimulation of the vagus frequently produced a tetanic

contraction of a large part of the small intestines. Very large doses
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reduced the motor eftect of the vagus, and in a few cases its stimula-

tion produced a relaxation of the gut.

Atropin frequently abolished completely the vagus effect upon the

stomach and reduced greatly its effect upon the intestines. It impaired

in nearly every case also the spontaneous movements of stomach

and intestines even after the injections of ergot.



KXPKRIMENTAL STUDIES ON THE PHYSIOLOGY OF
THE MOLLUSCS -THIRD PAPER.
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{From the Sheffield Laboratory of Physiological Chemistry, Y.ile L'liirersity.]

TN the two preceding papers' upon this subject we have discussed
J- the digestive mechanisms of the marine gasteropod Sycotypus
canalicuiatus, and, in greater detail, the so-called liver of this animal
because of its unique function in the storage of copper and zinc. In
this paper we wish to present some additional facts developed in our
study of the muscle extractives and the respiratory pigments of the
blood and tissues.

The Muscle Extractives.

The most important contractile tissue of Sycotypus, in point of size,

is the large pedal muscle occupying the open end of the shell and,
when extended, projecting some distance beyond. It makes u|)

approximately half of the body mass exclusive of the shell. When
retracted, it etTectually closes the opening of the shell by the chitin-
like operculum attached to its anterior end.

In structure the muscle closely resembles other invertebrate
muscles. It consists of an intricate network of radial and circular
bundles of fibres, with relatively large interstitial spaces for the
gradual circulation of blood. A definite circulation can hardly be
detected except in the very centre of the muscle mass, where distinct
vessels are found with a surrounding sponge of connective tissue and
muscle fibres constituting a blood sinus. These vessels and the
spongy sinus into which they empty are supplied by the large pedal
artery. A somewhat unique feature of this pedal muscle is the fact
that all the main nerve trunks present in it lie embedded in this vas-
cular sponge, each in a distinct tube or vessel, — an arrangement by

> Mendi-i. and Bk.xulrv
: Tliis journal, 1905, xiii, p. 17; [905, xiv. p. 313.
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which respiratio., and nutrition are assured to these more important

tissues. . ,
. f

When the foot is extended, as during locomotion, the amount ot

blood present in the interstitial spaces and in the central smus is

large; while during contraction, the greater portion of it ,s expelled

by the contracting muscles. Thus extension of the foot, as ot the

proboscis, is apparently accomplished by the relaxation of the circular

and radial muscle fibres and by the turgescence of the organ.

The lar-c size of the pedal muscle makes it a most convenient

material for the study of invertebrate muscle extractives. They rep-

resent the katabolic changes taking place in a muscle whose normal

contractions arc extremely slow, and are consequently of especial in-

terest when compared with the extractives from an active rapidly

contracting, invertebrate muscle, such for example as the adductor of

Pecten or the muscles of Octopus and the allied types of molluscs. A

larc^e number of pedal muscles were comminuted and extracted with

water V>S heating and acidifying slightly with acetic acid, the

coa^ailablc protcids\vere removed and the filtrate then concentrated.

Giycogeu.-When the filtrate was treated with alcohol to about

sixtv-six per cent, glycogen was precipitated in large amounts. By

washin..-, rcdissolving, and reprecipitating several times, a fairly pure

preparation of glycogen was obtained, giving the characteristic reac-

lion with iodine and yielding dextrose after inversion.^ Although no

estimations were made to determine the amount of glycogen present

in the muscle, it was evident from the quantity obtainable that this

carbohydrate is present in the muscle in unusual amounts comparable

to the glycogen in the liver of well-fed herbivora or in the active

adductor muscle of Pecten. The fact that so inactive an organ shou d

be provided with so large a supply of reserve carbohydrate can hardly

be explained on the supposition that it is a local reserve for the

muscle itself, to insure the presence of nutrient material sufficient

for intense or prolonged work. The pedal muscle, as has been

stated, is one of limited activity. It seems probable that the muscle

serves a further function, like the liver of higher animals, in storing

up reserve carbohydrate for the general needs of the organism.

This suggestion is supported by the fact that no glycogen could be

found in the liver of Sycotypus, though dextrose was uniformly present

there.

1 The character of the product was further established by an elementary analysis

and determination of the specitk rotation of a purified sample, by .Mr. K. \N
.

LANCa.F.V.
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The alcoholic filtrates from the glycogen separation were concen-

trated to a syrup and allowed to stand for several days in the cold.

At the end of this time crystals of two distinct types had formed,

—

long needle-shaped prisms suggestive of taurin, and small white burrs.

Filtering through cloth under suction and washing with cold water

left a mass of nearly white crystals which could be separated by the

greater solubility of the taurin in hot water. The residual burr-

shaped crystals were then dissolved in boiling water and recrystal-

lized. The substance was found to be magnesium lactate.

Lactic acid. — An analysis of the crystals was made with a view to

determining whether the lactic acid present in the muscle tissue was
the sarcolactic acid characteristic of vertebrate muscle, or fermen-

tation lactic acid. The method of identification depends upon the

fact that the zinc salts of the two acids crystallize with different

amounts of water, corresponding to the two formulas : Zn(C3Hg03)2 "

2 H.^O for the sarcolactate, and Zx\{(Z.^fi^).^^ • 3 WX> for the salt

of fermentation lactic acid.

The crystals, purified by repeated recrystallizations from hot water,

were dissolved in H.jSO^, and the solution extracted with ether. The
residue obtained by evaporation of the ether was dissolved in water,

and ZnCOg added to the solution until the reaction was complete.

The excess of ZnCOg was filtered off and the zinc lactate solution

concentrated to crystallization. The salt obtained, after purification,

was dried to constant weight at 100° for analysis. The experimental

data which follow indicate that the substance was fermentation lactic

acid.

Salt dried at 100° = 0.^626 gm.

Salt dried at 1 10° = 0.4608 gm.

Salt dried at 140° — 0.4605 gm.

Loss of water =0.1021 gm.
Water of crystallization .... =18.15%
Calculated for Zn(CnH;0,).. • 3 H.,0 = i8.i87r

A determination of the ZnO present in the salt was made as a

further check:

ZnO found 27.45%
ZnO calculated .... 27.26%

The occurrence of fermentation lactic acid alone and in such

considerable amounts in the muscle of Sycotypus is unique and char-

acteristic of invertebrate muscle metabolism, — at least of molluscan
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muscle. In a recent study of the muscle extractives of Octopus,

Henze' also found that sarcolactic acid was wanting among the

extractives, while fermentation lactic acid was normally present.

That this acid cannot come from any possible fermentation of the

carbohydrate of the tissue, Henze has shown conclusively
;

for the

Octopus muscle contains no glycogen. In our own experiments

the possibility of fermentation was precluded by using only the living

tissues, under conditions which excluded bacterial action.

Tauriii.— The solution of taurin was concentrated, decolorized, and

alcohol added to incipient crystallization. Upon cooling, a mass of

f^ne crystals with the characteristic prism form of taurin separated.

The characteristic solubilities, the presence of both sulphur and

nitrogen, and the high temperature of decomposition gave further

proof" of the identity of this compound. In samples purit^ed for

analysis decomposition was found to begin at 280° to 290^ without

any previous fusion. This was found to correspond closely to the

decomposition figures for taurin obtained from the bile.

Analyses were made to determine the sulphur and nitrogen

content of the compound as the final proof of its identity. Nitrogen

was estimated by the Kjeldahl-Gunning method, giving u.37 per

cent. Calculated for NH,,-CH.,-CH.,-S03H, the nitrogen is 11.22

per cent. Sulphur was determined after fusion with sodium hydrate

and potassium nitrate, by precipitating it as barium sulphate. The

sulphur found constituted 25.89 per cent of the compound. 25.62

per cent being the calculated amount.

The occurrence of taurin in the muscle of invertebrates has been

known since 1845, when Karsten 'Msolated a crystalline body from the

watery extracts of certain molluscs, and identified it qualitatively

with the taurin obtained from the bile. Since that time the list

of molluscs known to have taurin as a normal constituent of

their muscle extractive has been greatly extended by the work of

Kruckenberg^ until it includes the following: Doriopsis, Turbo,

Cassidaria, Mvtilus, Ostrea, Pinna, Area, Spondylus, Pectunculus,

Pecten, Mure.x, Octopus, Loligo, and Sepia. Recently Agnes Kelly*

determined the amounts of taurin present in the tissues of Pecten

477-1 Henze: Zeitsclnift fiii- phvsiologiscbe Chemie, 1904. xliii, p. 47

-Kaksten: Nova .Acta Acadcmias Leopoklino-Carolinie, Serie 21. 1

Teil,

1845 ; voN FORTH : Vergleichende chemisclie Fhysiologie, p. 207.

» Kruckenbero : Cf. von Fiirtli, loc. cil. p- 437-

* Kkij.v: Beitnige zur chumisclien Physiologic. 1904, v. p. 377.
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opercularis and the common mussel, Mytilus edulis, while MendeP
and Jaffa in this laboratory isolated and identified the same body in
the pedal muscle of Haliotis, the common abalonc of the Pacific coast.
Evidently taurin is a characteristic compound formed in the mollus-
can muscle katabolism. The finding of it in the invertebrate muscle
IS of particular physiological interest in view of the close relationship
which has recently been shown to exist between taurin, cystin, and
the proteids. In many invertebrates taurin is accompanied by
glycocoll, as was shown first by Chittenden'^ in his examination of
the extractives of the adductor muscle of Pecten irradians. We
have been unable to isolate any glycocoll from the muscle extracts
of Sycotypus. If glycocoll is present in this case, it'must be in

insignificant amounts.

After the removal of the lactates and taurin, the filtrate was treated
with a slight excess of lead acetate and the insoluble lead salts fil-

tered off. The excess of lead was removed as the sulphide, and the
filtrate concentrated. A second crop of taurin crystals was obtained
at this point, but no glycocoll. The purin bodies were precipitated
as silver compounds, the precipitate, washed with dilute ammonia,
dissolved in hot 5 per cent nitric acid, and the solution slowly
cooled.

Hypoxanthin.— A precipitate of hypoxanthin silver nitrate separated
from the cold acid solution in characteristic microscopic crystals.
It was decomposed by hydrogen sulphide to remove the silver, and the
hypoxanthin nitrate allowed to crystallize. The compound gave the
typical hypoxanthin reactions — negative murexide test, and (after
reduction with zinc and hydrochloric acid), a red color with alkali in
excess.

Xanthia. — The filtrate from the hypoxanthin silver nitrate was
made ammoniacal again to precipitate the xanthin silver. The latter
was then digested with hydrogen sulphide until the silver was com-
pletely separated as silver sulphide. The solution containing the free
xanthin was then evaporated to dryness, and the yellow residue gave
a typical murexide reaction for xanthin. The bulk of the residue^was
dissolved in warm dilute potassium hydrate solution and made up to
a volume of about 200 c.c. Following Horbaczewski's method, acetic
acid was added until the solution was faintly acid, and then alcohol

' Cf. jMendei.
: Beitrage zur chcmisclien I'liysiologie, 1904, v, p. 582.

- Chittkndkn: Annalen der Chemie und Pliarmacie, 1S75. clx.xviii, p. 266;
American journal of science, 1875, (3), x, p. 26.
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until the volume was about 300 c.c. This dilute, faintly acid, alcoholic

solution deposited the xanthin in large perfect burrs of plates >n the

course of several days. The crystal form and the characteristic sol-

ubilities of the xanthin compounds, together with the murex.d test,

served to identify it.
. , c ,1

The muscle of Sycotypus has thus been shown to contain the follow-

ing typical extractive compounds in significant amounts: Glycogen,

lactic acid (fermentation), taurin, hypoxanthin, and xanthin. The

most important recent contribution to the subject of invertebrate

muscle katabolism is the previously mentioned paper by Henze

upon the extractives of Octopus muscle. He likewise found taunn

fermentation lactic acid and hypoxanthin present; and glycoco 1

was wanting as in the muscle of Sycotypus. The most striking dif-

ference between the muscles of these two molluscs is the glycogen

content. Octopus muscle contains no glycogen, while the tissue ot

Sycotypus is exceptionally rich in it. In the case of Octopus the

carbohydrate of the muscle is apparently combined ,n the form of a

glycoproteid, as boiling with acid produced a reducing sugar.

The Blood.

The blood of Sycotypus consists of formed elements and plasma.

The formed elements -large amoeboid cells with characteristic long

pseudopodia-are comparatively few. They are qmte typical of

moUuscan blood in general, and exhibit no characteristics Pecuhar to

this gasteropod. The plasma, on the other hand is of int e

because of the nature of the respiratory prote.d which it hold u

solution. Incision into the pedal sinus is followed by an abiindant

flow of the opalescent, nearly colorless blood, squeezed out forcibly by

the reflex contraction of the muscle. In contact with tl^e air. the

blood changes from a colorless to a deep blue solution. For this

reason and from the fact that copper is present in loose combination,

we may call its respiratory proteid, provisionally at least, a ha^mo-

cyanin Further study has shown it to differ in several important

respects from other ha;mocyanins.

In general the h^mocyanins - for there seems to be good evi-

dence that the bloods of various species contain somewhat different

forms of this respiratory proteid - are characterized by the presence

of copper in proteid combination analogous to the iron of haemoglo-

bin They are all colorless in the reduced condition, deep blue m
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the oxidized or oxygenated state. As a rule, tiiey coagulate at about
63°. Octopus haDmocyanin can be crystallized from its solutions.

Although it had been well known for some time that certain

marine animals have blood of a characteristic blue color, Fredericq '

was the first to study these bloods quantitatively. He showed the

uniform presence of copper, the evident analogy between the presence

of this metal and the iron of haemoglobin, and the dependence of the

compound for its respiratory efficiency upon the metallic combina-
tion. He also suggested the name hremocyanin for the blood proteid

of this type. Since then it has been found that the haemocyanins
are of very wide distribution ; not only are they common among the

marine molluscs, but they are also found in many land types, in the

crabs, arthropods, etc.

Owing to the readiness with which it may be secured, cephalopod
blood has been the subject of the most careful investigation.

Griffiths- found its proteids to contain: Nitrogen = 16.27 psi" cent;

copper = 0.33 per cent. The haemocyanin in this case was purified by
precipitation with MgSO^, resolution and reprecipitation in alcohol.

Henze,'' after showing the possibility of obtaining ha.-mocyanin in

crystalline form, separated the latter, and obtained analytical

figures, nearly identical with those of Griffiths: Nitrogen = 16.08 per
cent; copper = 0.30 per cent. In our examination of the blood of

Sycotypus we obtained copper and nitrogen figures quite different

from those of Griffiths and Henze. Instead of the ratio N 16 per
cent: Cu 0.35 per cent, we have N 14 per cent: Cu 0.043 per
cent. That is, the blood proteids of Sycotypus contain less nitrogen
than those of Octopus, and only one-tenth of the copper content
of the latter. The lack of copper is in part supplemented by the
presence of zinc in Sycotypus hremocyanin, as is shown in the table

of analyses (see p. 174).

The hajmocyaninof the blood was obtained fresh in each case from
the pedal sinus, by precipitation with alcohol, washed with a large

amount of the latter, and finally dehydrated with pure alcohol and
ether, and ilried to constant weight for analysis.

" HaBinosycotypiii." — Evidently in the respiratory proteid of Sycoty-
pus we have a h;emocyanin-like compound in which zinc as well as
copper is normally present. Qualitative tests made at intervals

' Fr£d£ricQ: Comptes rendus de I'acad^mie des sciences, 1878, lx.\xvii, p. 996.
- Griffiths : Ibid., (S92, cxiv, p. 496.
' He.vze

: Zeitschrift fiir physiologische Chemie, 1901, xxxiii, p. 370.



174 Lafayette B. Mendel and Harold C. Bradley.

covering a period of over two years, on animals dredged from widely

separated portions of Long Island Sound, all show the un.form

presence of zinc in the blood. The zinc of the liver and the z,nc of

the blood are presumably interdependent and coexistent .n bycotypus.

For this reason, and because of certain other differences between th.s

compound and the typical hasmocyanins -such, for example, as the

failure to obtain it in crystalline form and its low nitrogen content -

we provisionally propose the name of " ha^mosycotypm for this

respiratory proteid.

Blood Analysis.

.\sh.

per cent

8.S3

9.12

Cu in ash.

per cent

0.506

0.445

Cu ill tissue.

per cent

0.045

0.041

Zn ill ash.

per cent

0.332

0.2S4

Av. 8.97 0.474

Zn in tissue.

per cent

0.029

0.026

N.

per cent

14.38

14.35

0.043 0.305 0.027 14.37

The more active an animal is in its metabolic processes, the more

rapid' must be its respiratory e.xchanges also. As a rule, therefore,

those groups of animals which exhibit the most pronounced activity

_ such as the vertebrates, for example- are provided with the most

perfect circulatory mechanisms and the most efficient respiratory

picxment- haemoglobin. Forms of low metabolic activity require

less perfect circulatory systems and less efficient oxygen carriers. In

the mollusc family, therefore, the greatest variety of respiratory pig-

ments is to be found. The most striking features of these prote.ds

are their characteristic metallic elements; copper is found most

frequently, iron less so, manganese and zinc in rare or unique in-

stances Thus the h^mocyanins are the most common molluscan

oxy-en carriers, haemoglobin and hsemorhodin prominent, while

pinnaglobin and " ha-mosycotypin," containing respectively manga-

nese and zinc, are only known in rare or isolated instances.

Not only do the respiratory proteids vary in composition and in

their characteristic metallic content, but the oxygen-carrying effi-

ciency of bloods with the same metallic element varies. This tact

has been suggested in the case of the true hx-mocyanins at least.

Dhere ' pointed out that the efficiency of a haemocyanin vanes with

1 Uh^rk : Comptes rendus de la sodele de biologie, igoo. Hi, p. 52-
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the amount of copper present in it, and that the amount of oxygen

absorbed is proportional to the content of copper. Thus Octopus

hjemocyanin contains ten times the amount of copper present in

" haemosycotypin "
;
presumably its efificiency in carrying oxygen is

proportionately larger ; and this difference expresses fairly well the

diftereiice in the general activity of the two molluscs, Octopus being a

highly active, rapidly moving ty[)e of mollusc, with highly developed

sense organs, while Sycotypus typifies the other extreme. Dhere's

analyses of the blood of another mollusc of low metabolic type —
Helix pomatia— show a similar difference in the constitution of

the hsemocyanins. In 100 c.c, Octopus blood yielded 18 to 23.5

mgm. of copper; Helix blood only 6.5 to 12.5 mgm. ; that is, the

blood from Octopus has a copper content decidedly greater than

that of Helix.

Haemoglobin. — In many of the gasteropods the pharynx muscles

operating the apparatus for comminuting the food are pigmented red.

In some the red pigment seems to be associated with the muscle

plasma only, and can thus be readily separated from the tissue by

washing. In others the pigment is also fixed in the muscle cells them-

selves ; and this fraction is much more difficultly separable. In the

case of the pharynx muscles of Sycotypus which are thus pigmented,

the coloring compound is present both in the plasma and in the

muscle cells. The heart muscles are also pigmented, as are the

ganglia and main nerve trunks, though the identity of the pigment

in the latter is less certainly determined.

From the pharynx muscles a colored solution can be obtained by

grinding the tissue in a mortar and extracting with water. As was

mentioned in a former paper,' this pigment is identical, apparently,

with oxyh;emoglobin from vertebrate blood. It gives the characteris-

tic spectral absorption bands, it can be reduced with Stokes's fluid to

hemoglobin, and on shaking with air may be reoxidized to oxy-

hemoglobin. It will also give the haemin crystals.

The heart muscles are much less brilliantly pigmented, and the

pigment is much more firmly fixed in the tissue; but it is possible to

separate enough of the compound to show the characteristic absorp-

tion bands of oxy- and reduced haemoglobin. The pigment of the

nerve trunks and ganglia could not be identified with any great

accuracy because of the small amount of material and the diffi-

culty of separating the pigment. What slight evidence was obtained

* Mendel and Bradley: Loc. cit.
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indicates that the nerves and ganglia are also pigmented with

hiumoglobin.

What the significance of this pigment in the heart and pharynx

muscles is we may conjecture from the functions of these organs.

They are the only muscles of Sycotypus that are required to perform

rhythmic contractions over long periods of time. The heart contracts

rhythmically, though slowly, and must continue to do so when the

animal's respiration is seriously interfered with. The heart must

therefore have a more certain provision for this continued activity

than the pedal muscle, for example, would require. The pharynx

muscle in the same way is required at certain times to contract rhyth-

mically and rapidly, as when food is being comminuted, so that it too

is provided with a special mechanism for tissue respiration. The im-

portance of the haemoglobin as a respiratory pigment in these organs

of exceptional activity in the animal is apparent when the superiority

of this pigment over h^mocyanin as an oxygen carrier is recalled

Henze showed that the efficiency of Octopus hasmocyanin is about

one-fourth that of haemoglobin, and we may safely assume that the

efficiency of
" haemosycotypin " is much- less, because of its smaller

copper content. It is adapted to the demands of the low metabolism

of the animal as a whole, but in those more active organs mentioned

where a more rapid respiration is essential, a more efficient oxygen

carrier has been provided in the course of the animal's evolution.

Summary.

The pedal muscle of Sycotypus canaliculatus is shown to contain

glycogen in abundance, taurin, hypoxanthin, xanthin, and ermenta-

fion lactic acid. Glycocoll was not detected. The muscle ex rac-

tives of this gasteropod thus closely resemble those obtained from

different types of molluscs by Henze and others.

The blood proteids of Sycotypus contain both copper and zinc,

differinc^ from the familiar hsmocyanins in the occurrence of the

latter element and in the proportion of copper present.

_

Haemoglobin is present in some of the more active tissues, such as

the heart and pharynx muscles. The significance of some of these

peculiarities in the distribution of the " respiratory pigments is

briefly discussed.



ox THE POINT OF ACTIOx\ OF DRUGS ON THE HEART
WITH SPECIAL REFERENCE TO THE HEART OF
LIMULUS.

By a. J. CARLSON.

[From the Hull Physiological Laboratory of the University of Chioigo.]

I. Introduction.

'

I
""HE study of the action of drugs on the Limulus heart was

-* undertaken with a twofold purpose, namely, to compare the

pharmacology of this heart with that of the vertebrate heart, and,

second, by determining whether a certain drug exerts its specific

action on the heart ganglion or on the heart muscle or on both, to

throw some light on the mechanism of action of these drugs on hearts

in which the nervous and the muscular tissues cannot be separated for

experimental purposes. My purpose in comparing the pharmacology

of the Limulus and the vertebrate hearts was mainly to obtain

further data on the fundamental similarity (or, if you please, dis-

similarity) between the nature of the heart rhythm in Limulus and
the vertebrates. In so far this paper is a continuation of the work
on the Limulus heart already reported in this journal. I have stated

before that the demonstrations of the neurogenic nature of the

rhythm and conduction in the Limulus heart are demonstrations for

that heart only ; but if it is shown that there are no fundamental

differences in the reactions and the behavior of the Limulus and the

vertebrate hearts, the probability that the mechanism of the heart

rhythm is the same in both becomes stronger.

The literature on the pharmacology of the vertebrate heart is very

e.\tensive. While there may be said to be a fairly general agreement
as to the specific action on the heart of many drugs in therapeutic

doses in the intact animal as well as on the isolated heart, the inter-

pretations of the mechanism of this action of the drug on the heart

are based almost entirely on analogies and unproven assumptions.

The adherents of the myogenic theory of the nature of the heart beat

'77
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ascribe the effects of most drugs -except those that are supposed

to act mainly on the inhibitory nerve endings — to a direct action

on the heart muscle. If the automatism of the heart is due to the

peculiar properties of the heart muscle, the mechanism of action of a

dru- on an isolated heart must be relatively simple. The drug may

augment or depress the rhythm by acting directly on the automatic

heart muscle or by stimulating the augmentor or inhibitory nerves

and nerve endings in the heart. A depressor action of a drug on

the au-mentor or inhibitory nerves and nerve endings would not

affect the rhythm of the isolated heart, as there seems to be no

evidence that the e.xtrinsic heart nerves have any " tonic " action ori

the heart after these nerves have been severed from the central

nervous system.

If the neurogenic theory of the nature of the heart rhythm repre-

sents the actual facts, however, the possible mechanisms of action

of a drug on the isolated heart become more numerous. The

heart rhythm may be augmented or inhibited by the drug acting (i)

on the heart muscle in a way to increase or decrease excitability

and contractility ; (2) on the automatic ganglion or ganglia in a way

to augment or inhibit both the intensity and the rate of the nervous

discharges : (3) on the nerves {and nerve endings) leading from the

ganglia to the heart muscle in a way to increase or decrease their

exci'tability and conductivity, and lastly (4) on the vagus and accel-

erator nerves and nerve endings in connection with the automatic

ganglia, the nerve plexus, or the heart muscle. We have practically

no direct knowledge enabling us to decide between these or any

combination of these possible points of action of the drug on the

heart, because no one has so far succeeded in separating the nervous

and the muscular tissues in the vertebrate heart for experimental

purposes. It is obvious that I refer to the action of minimal or

therapeutic doses of the drugs. At suf=ficient concentration all drugs

will apparently act on all forms of protoplasm, but in minimal

strengths many drugs appear to have a " selective " action, attacking

one tissue while leaving another practically unaffected. This selec-

tive action of therapeutic doses must, of cour.se, be due to some

physico-chemical differences in the tissues. Accurate determination

of this selective action is therefore a valuable step in furthering our

knowledge of the mechanisms of actions of the drugs on the living

tissues.

For a description of the method of preparing the Limulus heart tor
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these experiments the reader is referred to the preliminary paper and
to the paper on the action of the temperature variations on the
Limuius heart.' It will be seen from these descriptions and figures

that under conditions allowing ordinary and exceedingly accurate
graphic registration of the heart rhythm the action of a drug in

solution can be confined either to the heart ganglion or to the
heart muscle (and nerve endings) at will. The graphic method was
used exclusively, as the action of most of the drugs in dilute solu-

tion would escape direct observation. The conclusions as to the
action of any one drug are based on experiments on at least ten
different hearts. In the cases of most drugs the experiments were
repeated on many more preparations, in order to eliminate acci-

dental errors or individual variations.

The drugs were dissolved in Limuius plasma or sea water. Isoto-
nicity of the medium is thus maintained, except in so far as the
osmotic pressure of the plasma or sea water is directly altered by
the drug, or altered in reference to the heart tissues by changing the
permeability of the latter.

Errors from temperature variations were excluded by using all

solutions at the same temperature, namely, that of running sea water.
It has been shown by Newman that the Limuius heart tissues exhibit
a relatively great resistance to the lack or deficiency of o.xygen in

the surrounding medium. Slight differences in the oxygen tension
of the different solutions employed may therefore be left out of
account.

The drugs used were, with the exception of adrenalin and ergot,
of Merck's manufacture.

In reporting the results I have adopted the plan of first describing
the separate action of the drug on the heart ganglion and the heart
muscle as well as on the whole heart of Limuius, and then by com-
paring these results with the known action of the same drug on the
vertebrate heart suggest the probable mechanism of action of the
drug in the frog and mammal. A comparison between tjje pharma-
cology of the Limuius heart and the vertebrate heart is not easily
made with our present data, because the data on the action of drugs
on the intact frog or mammal cannot be used, owing to indirect
effect on the heart rhythm from the action of the drug on other
tissues. Only the data on the action of the drugs on the isolated
heart are available for this comparison. And even these are not

' Carlso.v: Science. i(>J4, .w, p. 6S4; tliis journal, 1906, xi, p. 207.
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strictly comparable to my data on the Limulus heart, because the

rhythm of the whole heart of frog or mammal is much more com-

plicated than that of the isolated Limulus heart, particularly in the

mechanism of co-ordination and conduction between the d.fterent

parts of the heart. A series of data on the action of these drugs on the

isolated sinus venosus of vertebrates would be comparable w,th the

data on the isolated Limulus heart, because in the former the factors

of conduction and co-ordination would be to a great extent eliminated.

Such a series of observations should be made.

For the comparison of the action of these drugs in Limulus and

the vertebrates I have received much assistance from the last editions

(1906) of the textbooks of pharmacology of Cushney and hollmann

in the way of reference to the literature.

A word in the way of explanation regarding the interpretation of

the action of the drugs on the ganglion-free part of the Limulus

heart is perhaps in place. When the solution of a drug ,s applied

to the ganglion-free anterior end of the heart, the contraction of that

part of the heart may continue unchanged, in which case the drug

has little or no action either on the muscle or on the motor nerves

and nerve endings, or the beats may be weakened or strengthened.

This change in the amplitude of the contractions may be due to the

action of the drug either directly on the muscle or on the nerves and

nerve endings, or on both. It is also conceivable that the influence

of the drug on the two tissues may be in opposite directions, that is,

stimulation of the one and depression of the other. In fact, I have

some evidence pointing to such conditions in the case of some drugs.

But in this report I speak, provisionally, of the influence of the drugs

on the ganglion-free part of the heart as due to the action on the

muscle. Experiments are in progress in this laboratory to determine

whether it is purely or even mainly a muscular action.

In the experiments to determine the action of a drug on a ganglion-

free part of the heart simultaneous records were taken from the two

ends of the heart, so as to be sure that changes in the rhythm of the

<.anglion-free part were not due to changes in the activity of the

ganglion.

II. The Action of .Alcohol.

1 The heart ganglion of Limulus. Ethyl alcohol has a primary stimu-

lat'ins action on the Umulus heart ganglion. -T\.^ heart gang ion of

this animal is. however, not very sensitive to the action of alcohol.
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In a solution of i c.c. of alcohol to 500 c.c. of plasma or sea water the

primary stimulating action of the alcohol is very slight, and the

ganglion will continue in activity in this mixture for several hours.

One per cent alcohol in plasma or sea water produces immediate

stimulation of the ganglion, and in greater concentrations the

augmented rhythm becomes irregular and the stimulating phase is

soon followed by depression and ultimate paralysis. In the weaker

Figure 1.— Four-sevenths the original size. Tracings from the anterior end of the

Limuhis heart. -/, jr, J per cent alcohol in plasma applied to the isolated ganglion-

Showing primary stimulation. B (ganglion extirpated from anterior end of heart), x,

2 per cent alcohol in plasma applied to anterior end. .Showing primary stimulation

of g.angl ion-free part of the heart.

concentrations the stimulating action appears only in increased

intensity of the nervous discharges, the rate remaining unaltered, but
in the stronger concentrations the rate is also augmented.

2. The heart muscle of Limulus, Ethyl alcoiwl lias a primaty
stimulating action on the Limulus heart muscle.— This stimulating

influence appears in gradually increasing amplitude of the contrac-

tions when the ganglion-free anterior end of the heart is bathed in a

mi.xture of plasma and alcohol. The rate of the rhythm can, of

course, not be affected when the drug does not reach the heart

ganglion. Solutions of alcohol and plasma that are just able to

exhibit a stimulating influence on the heart ganglion ;i part

alcohol to 500 parts plasma) do not appear to influence the heart

muscle at all, but in greater concentrations (h per cent, i per cent,

2 per cent) the primary stimulating action becomes evident in the

stronger contractions.

Ethyl alcohol has therefore the same action on the two tissues of

the Limulus heart. The depression and ultimate paralysis caused by
the alcohol is preceded by a primary stimulating phase both of the

heart muscle and the heart ganglion ; the only difference between the

two tissues in their reactions to the drug is the relatively greater

sensitiveness of the ganglion.
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3. The vertebrate heart. —The actual primary influence of alcohol

on the vertebrate heart has been, and is still, apparently, a matter of

controversy. The Schmiedeberg school of pharmacologists contend

that alcohol has no primary stimulating action on the heart. Accord-

ing to the Schmiedeberg school, the accelerated rhythm following

administration of alcohol in the mammal is an indirect effect of

increased muscular activity and depression of cerebral inhibitory

centres, and not due to any direct stimulating action on the heart

itself. Wood and Hoyti (1905) have, however, recently shown that

small amounts of alcohol augment the force of the heart beat in the

frog, and Loeb'^ has shown that the same is true for the isolated

mammalian heart. It would therefore seem that alcohol in weak

concentrations has a slight primary stimulating action on the ver-

tebrate heart, just as it has on the Limulus heart. In stronger

concentrations this stimulating phase is probably of such a brief

duration that it may readily escape observation. There appears to

me no good reason for holding that the stimulating action of alcohol

on the vertebrate heart is solely on the heart muscle. Lee and

Salant^ have shown that small amounts of alcohol stimulate the

skeletal muscle of the frog, and we have seen that alcohol similarly

stimulates the Limulus heart muscle. Waller has shown that alcohol

causes an initial increase in excitability of nerve. Alcohol causes

an initial augmentation of voluntary contractions in man. The

" stimulant phase " in the action of alcohol is just as readily explained

by a stimulation of the cerebral centres as by depression of possible

inhibitory centres or nervous impulses. There can be no doubt that

alcohol has a primary stimulating action on skeletal muscle. In

the Limulus heart alcohol similarly stimulates both the muscle and the

ganglion. And as alcohol has a similar stimulating action on the

vertebrate heart, it seems probable that it acts both on the heart

muscle and on the heart ganglia.

III. The Action of Ether, Chlorofokm, Chloreton,

Chl()R.\l Hydrate,

1. The heart ganglion of Limulus. The amestlietics clilorofovin, ether

,

chloral hydrate, and ehloretoii have a primary stimulating action on the

1 Wood and Hovx: University of Pennsylvania medical bulletin, 1905, .wiii,

p. 70.

=" LOEB, O : Arcliiv fur experimeiitelle Patbologie und Pharmakologie, 1905,111,

p. 459.
' Lef. and Sai.ant: This journal. 1902, viu, p. 61.
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Limnlus heart ganglion. — The ultimate depression and paralysis of

the ganglion produced by these anaesthetics is always preceded by

stimulation. This primary stimulating action is the more intense and
of briefer duration, the stronger the concentration of the ana-sthetic

The stimulating action on the ganglion appears both in the rate and
in the intensity of the nervous discharges, mainly in the latter in case

IJI_
X'
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Figure 2. — About two-thirds the original size. Tracings from the anterior end of the

Limulus heart. In A, C, D, the ganglion was removed from the anterior end.

.V, application of the drugs, .r', the drugs replaced by plasma or sea water. A, chlo-

roform 1-5000 on ganglion-free end. .Showing primary stimulation. B, chloreton

loOOO on the isolated ganglion. Primary stimulation. C, chloreton 1-1000 on the

heart muscle. D, chloreton 1-500 on the heart muscle. Primary depression.

of weak concentrations of the drugs. In relatively strong concentra-

tions the augmented rhythm of the heart ganglion becomes irregular

prior to the depression and final paralysis. In equal concentrations

chloroform stimulates the ganglion much more intensely than ether.

Chloroform also acts more strongly than chloreton, the latter occupy-

ing a position midway between chloroform and ether. Thus i c.c.

chloroform dissolved in 10,000 c.c. plasma usually stimulates the

ganglion as intensely as the same amount of ether dissolved in looo

c.c. of the plasma.

2. The heart muscle of Limulus. Ether, chloral hydrate, and chlore-

ton in concentrations that appreciably affect the hcatt muscle produce

depression with no indication of a privtaty stitnulation. Chlorofortn

tends to produce tonus contraction prior to and simultaneous with the

depression of the beats. — The depression can, of course, be manifested
only in the amplitude of the beats. These drugs, with the possible

exception of chloroform, have therefore an opposite action on the
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heart muscle from that on the heart ganglion. But the heart muscle

is less sensitive to the action of these drugs than is the heart gan-

glion, as is shown by the fact that concentrations of these drugs too

weak to affect appreciably the muscle, except very gradually, cause a

distinct stimulation of the ganglion. In consequence of this, the

depressor action on the heart muscle does not obscure or counteract

the stimulating action on the ganglion when the whole heart is sub-

jected to the action of weak solutions of the drug. These weak

solutions always stimulate the whole heart.

3 The vertebrate heart. — Chloroform and ether appear to depress

the vertebrate heart (frog, dog) without any primary stimulation

BiiiMMMilliiiMiiiMi^^

Figure 3— About one-half the original size. Tracings from the interior eml of the

Limulus heart. A (preparation in poor condition), x, ether in plasma I-IO^O ^'Pl' 1^^

to isolated ganglion. Showing primary stimulation. /.', ether in plasma l-.-,00 applied

to the ganglion-free anterior end. .V, the anaesthetic replaced by sea water, bhowmg

primary depression.

similar to that on the Limulus heart ganglion. Hedbom i found that

chloral hydrate has a primary stimulating action on the isolated mam-

malian heart, and according to Harnack and Bohme- chloral hydrate

acts as a primary stimulant to the frog's heart. According to some

investigators, however, chloroform and ether have a primary stmiu-

latin- action on other tissues. Waller found that these anaesthetics

incre'ased the excitability of motor nerves. There is some evidence

that chloroform stimulates the vaso-constrictor centres. It is also

said to constrict the coronary vessels. The " excitement " stage in

chloroform and ether anesthesia may be due to a primary stimulating

action of the drugs on the central nervous system. Pickering »
found

that chloroform and ether stimulate the embryonic heart (chick).

The stimulating action is particularly marked with ether. In the case

of chloroform Pickering concludes that it has a depressant action,

but in the experiment he cites the heart rate is increased from 120 to

140 per minute, while the rhythm is at the same time rendered irreg-

1 Hedp.om : Skandinavisclies Arcliiv fiir Physiologie, 1899, ix, p. 22.

= See Rohdk: Archiv fur experimentelle Pathologie und Pharmakologie. 1905,

liv, p. 104.

» Pickering: Journal of physiology, 1S93, xiv, p. 444.
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iilar. \Vc have seen that these anaesthetics have an opposite action,

on the IJmulus heart muscle from that on the Limulus heart gan-

glion. It is possible that in the case of the vertebrate heart the

depressor action on the muscle obscures or overbalances any slight

stimulating action on the heart ganglion.

I\'. The Action of Strychnia.

1. The heart ganglion of Limulus. Solutions of sttycJinia snlpliatc in

plasma or sea water net as prinmry stimulants to the heart ganglion. —
In relatively strong concentrations the stimulating phase is followed

by irregularity in the rhythm, depression, and ultimately paralysis of

the ganglion. Distinct stimulation of the ganglion is produced by

strychnia in dilutions of i part of the drug to 5000 parts of plasma.

At this dilution the stimulation appears only in the increased in-

tensity of the nervous discharges, the rate of the nervous discharges

remaining unaltered. In concentrations of i to 4000 or i to 2000

the rate of the ganglionic activity is also augmented. The stimu-

lating action of strychnia on the heart ganglion is counteracted by

calcium chloride.

2. The heart muscle of Limulus. Stryelinia has no distinct effect on

the heart m/tsele of Limulus, except a gradual depression ivhen applied

in strong eoueentratious.— In strength of i part of the drug to

40CX) or 5000 parts of plasma, no specific effect on the muscle could

be detected ; in concentrations of i part to 300 or 400 there appeared

to be a gradual depression. In no case did I observe a primary

stimulating action of strychnia on the heart muscle, and we are there-

fore forced to the conclusion that this drug has primarily an opposite

action on the two tissues composing the Limulus heart, namely, a

strong stimulating action on the ganglion, and only a slight action

on the muscle (or nerve endings) in the direction of depression of

e.xcitnbility and contractility.

3. The vertebrate heart. — The literature on the action of strychnia

on the vertebrate heart is very conflicting. It seems probable that

the changes in the heart rhythm following;- the administration of small

doses of strychnia in the intact mammal are not due to a direct

action of the drug on the heart. Pickering' found that strychnia has

a primary stimulating action on the embryonic heart. Hedbom - has

' PiCKKKiNG : Journal of pliysioloi;y. 1S93. xiv. p. 457.

- HicmiOM : .Skanclinavisclies Arcliiv fiir Pliysiologie, 1899, i.\, p. 45-
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shown that in relatively strong doses strychnia augments the rhythm

of the isolated mammalian heart. Igerscheimer ' concludes, however,

that strychnia depresses the isolated heart of both frog and mammal

without primary stimulation. We are justified in concluding that

at least in certain conditions of the heart strychnia has primarily ihe

same action on the vertebrate heart as on the Limulus heart, namely,

stimulation followed by depression and paralysis. In the case of

Limulus the stimulating action is confined to the heart ganglion. In

the subsequent depression and paralysis the direct action of the drug

on the heart muscle is probably a factor. The fact that strychnia

stimulates nerve centres, but has scarcely any action on the skeletal

muscles in vertebrates is an additional evidence that the stimulating

action of the drug on the vertebrate heart is similarly due to its

action on the motor heart ganglia.

V. Thf, Action of Caffein.

1. The heart ganglion of Limulus. Solutions of caffcin in plastna or

sea 'water stimulate the Limulus heart ganglion.— The stimulating

action of caffein on the ganglion appears in dilutions represented by

I part of the drug to 5000 or 10,000 parts of plasma. At this dilu-

tion the rate of the ganglionic rhythm remains unchanged, but the

intensity of the nervous discharges from the ganglion is augmented.

In greater concentrations the rate of the ganglionic rhythm is also

increased. In concentrations represented by i part of the drug to

200 or 500 parts of plasma the augmented rhythm of the ganglion

soon becomes irregular, and this is followed by depression and paraly-

sis. The stimulating action of caffein on the Limulus heart ganglion

is counteracted by calcium chloride.

2. The heart muscle of Limulus. The Limulus heart musele is less

sensitive to the aetion of eaffein than the heart ganglion, bnt the pri-

mary action of the drug is the same on both tissues, i. e., stimulation.—
Solutions of the drug represented by i part to 5000 parts of plasma

have no appreciable effect on the heart muscle, although even at this

dilution the drug is able to stimulate the ganglion. Stronger solu-

tions (l to 500, 1 to 1000) of caffein strengthen the contractions

when applied to the ganglion-free anterior end of the heart.

3. The vertebrate heart. — The literature is practically unanimous

1 Igerscheimek ; Aicliiv fiir e.xperimentelle Pathologic und Pharmakologie,

1906, liv, p. 73.
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in ascribing to caffein a primary stimulating action on the vertebrate

heart. This is true for the isolated mammalian heart (Hedbom), for

the embryonic heart of the chick ( Pickering j, as well as for the heart

of cold-blooded vertebrates. But as caffein has a primary stimulating

action both on the central nervous system and on the skeletal mus-

cles in the vertebrates, and the same action, differing only in degree

X X'

D juvJUUUJlXM^iAMJdVAAJUllUUJOJUUUUJU^^
x X'
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X X'
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Figure 4.— About one-half the original size. Record from the anterior end of the Lim-

ulus heart. The ganglion e.xtirpated in first two segments, the lateral nerves being

left intact, x. application of the drug to the ganglion-free anterior end. x', applica-

tion of the drug to posterior end of the heart containing the ganglion. A, nicotin

alkaloid in plasma 1-500,000. B, atropin sulphate in sea water 1—tOOO. C, strychnia

sulphate in plasma 1-2000. D, veratrin in plasni.^ 1-800,000. E. caffein in plasma

1-2000. F, curare in plasma 1-1000. Showing primary stimulation of the ganglia

by these drugs, and greater sensitiveness of the ganglion than the ganglion-free part

of the heart.

on the heart muscle and the heart ganglion of Limulus, it would seem

probable that this drug has primarily the same action on the two

tissues of the vetebrate heart. Whether the nervous tissue in the

vertebrate heart exhibit greater sensitiveness to caffein than does the

heart muscle must be determined by another line of investigation.

VI. The Action of Cur.xke.

1. The heart ganglion of Limulus. Ctirarc lias a priinaiy stimulating

action on the Liinuliis heart gang/ion. — The weakest concentration

of the drug (i to 10,000) that affects the ganglion at all does not alter

the rate of the rhythm, but it augments the intensity of the nervous

discharges. In concentrations of I to looo or i to 500 the rate is

also augmented, and the rhythm is also liable to become irregular.
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Greater concentrations of the drug always produce irregularity of

the rhythm simultaneously with the augmentation. No strength of

the drug was found that would paralyze the ganglion withotit the

primary stimulating phase. The stimulating action of curare on the

heart ganglion is counteracted by calcium chloride.

2. The heart muscle of Limulus. Solutions of curare do not scan to

have any appreciable effect on the Limulus heart muscle. — Solutions

of this drug in plasma or sea water in concentrations up to i to 500

have no eftect whatever on the muscle. We have seen that these

strengths of curare have a strong stimulating action on the heart

ganglion. When curare in strengths of \ to i per cent is ap-

plied to the heart muscle, the amplitude of the contractions is

gradually diminished. It would therefore seem that -so far as curare

has any action at all on the heart muscle and the motor nerves and

nerve endings in the muscle, this action is the opposite to that on the

heart ganglion, or in the direction of depression. I have made

numerous observations on the action of curare on the raolluscan and

the crustacean heart. Curare, when of sufficient strength to affect

the heart at all, has a primary stimulating action on the heart of

these animals, just as when the drug is applied to the ganglion on

the Limulus heart. Inasmuch as the drug has practically no action,

or only a depressor one, on the Limulus heart muscle, it would seem

probable that the stimulating action of this drug on the molluscan and

crustacean heart is also due to the action on the motor heart ganglia.

3. The vertebrate heart. — The vertebrate heart appears to be

relatively resistant to the action of curare. According to Boehm and

Tillie 1 curare has the same action on the vertebrate heart as strych-

nia and digitalis, that is, primary stimulation. It is well known that

curare acts like strychnia on the central nervous system, and that it

depresses skeletal muscle without primary stimulation. It is prob-

able that experiments on the isolated mammalian heart would reveal

the same primary stimulating action of curare as has been described

for the Limulus heart ganglion.

VII. The Action of Nicotin.

1. The Limulus heart ganglion. Solutions of nicotin in plasma or sea

ivater have a primary stimulating action on the Limulus heart ganglion.

> Cited from Habak and Chodounskv : Centralblatt fur Physiologie, 1904,

xviii, p. 282.
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In the strmiger solutions the ptimary stimulating action is quickly fol-

lowed by irregulanty in the rhytlnn, depression, and ultimateparalysis.—
The ganglion is very sensitive to this drug. The stimulating action

is obtained from the pure alkaloid in dilution of i to 1,000,000, or

even i to 10,000,000. The salts of nicotin act less intensely. At

Figure 5. — A to D, tracings from the anterior end of the Limulus heart, ganglion

isolated posteriorly, x, application of the drugs to the isolated ganglion. A, nico-

tin 1-.S,000,000. Stimulation. /?, aconitin 1-500,000. Stimulation. C, pilocarpin

1-1000. Stimulation. D, ergot 1-10,000. Depression. E, ganglion-free part of the

heart, x, digitalin l-.'JOO applied to heart muscle. Tonus contraction.

these dilutions the only evidence of stimulation is the augmented

intensity of the nervous discharges, the rate of the ganglionic rhythm

remaining the same. In stronger solutions the rate of the rhythm is

also augmented. In fact, the rate may be augmented, while the in-

tensity is at the same time decreased. When solutions of the strength

of I part of the drug to 50,000 or ioo,ooo parts of plasma are

applied to the ganglion, the heart muscle is sent into a condition

of incomplete tetanus or tonus, which is quickly followed by paralysis

of the ganglion. An increase in the tonus of the muscle is apparent,

even when nicotin in weaker solutions is applied to the ganglion.

In concentrations of i to 4000 the heart ganglion is paralyzed within

two minutes, after an intense stimulation, as shown by the incom-
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plete tetanus and tonus of the muscle. The paralysis of the gan-

glion is followed by complete tonus relaxation of the heart muscle.

The stimulating action of nicotin, except in the stronger concen-

trations, is counteracted by calcium chloride.

2. The Limulus ^heart muscle. Nicotin in dilute solutions has no

appreciable effect on the Limulus heart muscle. In strong concentra-

tions it depresses the ganglion-free part of the heart zvithout p>iniary

stimulation. — TySstrnd depressor effects on the muscle usually be-

gin in concentrations of i to 50,000 or i to 25,000; this is in the

case of using the pure alkaloid, If salts of nicotin are used, much

greater concentrations are required to produce the depressor effects

on the muscle. Solutions of the alkaloid of the strength of i to 5000

or I to 1000 may also produce some tonus in the muscle.

The conclusion seems therefore justified that nicotin has opposite

actions on the two tissues of the Limulus heart. Solutions of the

drug too weak to affect the ganglion-free part of the heart have a

povverful stimulating action on the ganglion. Every strength of

nicotin that aiifects the ganglion at all produces a primary stimula-

tion, while the concentration of the drug that acts on the muscle

depresses its contractility and excitability. No distinct stimulating

action on the heart muscle was obtained from nicotin in any

strength.

3. The vertebrate heart. — All observers seem to agree that nicotin

has a primary stimulating action on the vertebrate heart, although

this direct action on the heart is in the intact animal ordinarily

obscured by the intense stimulating action of the drug on the

central nervous system and peripheral ganglia, which in turn aflfect

the heart rhythm indirectly. But as nicotin primarily augments

the rhythm of the frog's heart, the embryonic heart (Pickenng),

and the isolated mammalian heart, it is obvious that this drug has a

primary stimulating action on the automatic tissue of the vertebrate

heart similar to that on the Limulus heart ganglion. In fact, the

action of nicotin on the entire Limulus heart and on the vertebrate

heart appears to be identical. We have the same primary augmen-

tation, followed by irregularity, inco-ordination, depression, and final

paralysis in case of the stronger concentrations or on long-contmued

action of the weak concentrations of the drug. In the Limulus

heart this stimulation is due solely to the action of the drug on the

ganglion, the heart muscle not being affected by the weaker concen-

trations. The depressor action of stronger concentrations of the
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drug may in part be due to the influence of the drug on the heart

muscle. That the mechanism of action of nicotin on the vertebrate

heart is the same as in the Limulus heart is indicated not only by

this analogy, but also by the reactions of other vertebrate tissues

to nicotin. Nicotin has a primary stimulating action on the central

nervous system and apparently on all peripheral ganglia, while it has

a depressor action on skeletal and smooth muscle. Nicotin also

depresses nerves and nerve endings, usually without any primary

stimulation. In the absence of direct evidence positive statements

cannot be made, but these facts, together with the results in the

Limulus heart, make it probable that nicotin does not stimulate the

vertebrate heart muscle, but that the primary stimulating action of

this drug is due to its influence on the motor ganglia in the heart,

just as I have shown to be the case in Limulus.

Nicotin stimulates the molluscan and the crustacean heart very

much the same as the Limulus and the vertebrate heart. This drug
is therefore without exception a primary heart stimulant throughout

the animal kingdom. There is no good reason for supposing that

nicotin affects the heart muscle of molluscs and crustaceans differ-

ently from that of Limulus. Local ganglia have been described

in the heart of most of these invertebrates, and it is therefore highly

probable that the stimulating phase of nicotin on these hearts is due
to the action of the drug on these ganglia.

VIIL The Action of Atropin.

1. The Limulus heart ganglion. Atropin sulphate in plasma or sea

water has a primary stimnlatiui; aetioii on the heart ganglion of
Limulus. — This is uniformly true of every strength of the drug that

affects the ganglion at all. Solutions of i to 4000 or 5000 augment
the intensity of the nervous discharges only, leaving the rate of the

ganglionic rhythm unchanged. Stronger solutions also augment the

rate of the nervous discharges. In concentrations of i to 200 or 300
the primary stimulation approaches incomplete tetanus for a brief

period ; this is followed by irregularity of the rhythm, depression, and
final paralysis. But in weaker strengths the atropin may act on the

ganglion for a long period before irregularity and depression set

in. The stimulating action of this drug on the heart ganglion is

counteracted by calcium chloride.

2. The heart muscle of Limulus, Atropin in n'cak concentrations has
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no iiistiiict effect on the Limulns heart muscle. In strong concentrations

the drn<i '.timinishcs the amplitude of the contractions without any

primary stimulation. — When atropin in dilute solutions (I to 4000

or 5000) is applied to the whole heart, the stimulating action on the

ganglion is not marked by a simultaneous depressor action on the

musde, for at this dilution atropin does not seem to act on the muscle.

In no concentrations of this dru- ^'i-' I "^^''"1 a primary stimulating

FIGUR.- 6 -About one-half the original .ize. Tracings from the fifth segment of the

intact Limulus heart. A, x, application of nicotin 1-1,000,000 to the heart, -v tl>e

nicotin solution replaced by plasma. Showing primary stimnlatmn and ,rregnlar,ty

of rhythm by nicotin. B. .r. application of digitalin 1-20,000 to the heart. Showing

primary stimulation.

action on the heart muscle. The depressor action of the stronger

solution (I to 100 or l to 200) on the ganglion-free part of the heart

is in all probability due in part to depression of the motor nerves and

nerve endings.

3 The vertebrate heart.— The literature is not unanimous on the

question of the primary action of atropin on the vertebrate heart.

The depressor action of this drug on nerve endings to gland cells and

smooth muscle (also skeletal muscle, frog) in the vertebrates is so

much more striking than the primary stimulating action of the drug

on peripheral -ganglia that many observers deny the latter. There is

no question but that atroiiin has a primary stimulating action on the

central nervous system. A primary stimulating action of atropin on

peripheral ganglia is indicated by the primary augmentation of in-

testinal peristalsis following the administration of small quantities of

the drug. Atropin will accelerate the rhythm of the heart in the

intact mammal, but this apparent stimulation is usually interpreted

as due to the paralysis of the vagi nerve endings in the heart.

Hedbom ' has shown, however, that atropin in certain concentrations

has a primary stimulating action on the isolated mammalian heart.

1 Hedbo.m : Skandin.ivisches Archiv fiir Physiologic, 1S9S, viii, p. 185.
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In Hedbom's experiments the augmentation of the rhythm could not

have been due to vagus paralysis. There is also evidence in the

literature that atropin has a slight primary stimulating action on the

isolated frog's heart. It would therefore seem that atropin has a

direct stimulating action on the vertebrate heart, just as it has on the

Limulus heart. What is the evidence that this stimulating action in

the case of the vertebrate heart is due to the action of the heart

ganglia rather than to the muscle? The evidence from my result in

Limulus need not be restated, and this is strengthened by the fact

that atropin has hardly any action on skeletal and smooth muscle

in the vertebrates. Strong concentrations depress the excitability

and contractility of the muscle, apparently without any primary

stimulation, just as we have seen to be the case in the Limulus heart

muscle. This fact coupled with the undoubted primary stimulating

action of the drug on the central nervous system and on at least some
peripheral ganglia renders it probable that the mechanism of the

direct stimulating action of atropin on the vertebrate heart is through

the motor heart ganglia and not through the heart muscle. In the

paralyzing phase of the atropin action undoubtedly the motor ganglia,

the motor nerve endings, and the heart. muscle play a part.

Atropin, nicotin, and curare paralyze the vagi in the vertebrate

heart. I have shown in a previous paper that these drugs have a

similar depressor or paralyzing action on the inhibitory nerves to the

Limulus heart, but in order to produce this paralysis of the inhibitory

nerve these drugs must act on the heart ganglion.^ If allowed to

come in contact with the heart muscle and motor nerves only, they

have no effect on the inhibitory nerves. This shows that in the

Limulus heart the point of paralysis of the inhibitory fibres by these

drugs is somewhere in the ganglion. The inhibitory nerves are

paralyzed by these drugs acting on the heart ganglion long before

the ganglion itself is paralyzed, just as the vagi are paralyzed by the

action of these alk-aloids on the vertebrate heart long before the

drugs exert this depressor action on the automatic tissue.

L\. The Action of Coc.mne.

1. The Limulus heart ganglion. Solutions of cocaine hydrocldorate

111 plasma or sea water have a primary stimulating action on the

Limulus heart ganglion.— This salt of cocaine is only very slightly

' Carlson : This journal, 1905, xiii. p. 217.
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soluble in Limulus plasma or sea water, but the primary stimulating^

action of this drug on the heart ganglion is obtained with A to \r. of

the saturated solution. In concentrations represented by the sat-

urated solution the augmented rhythm soon becomes irregular,

and the stimulating phase is followed by depression and ultimate

paralysis.

. 2. The heart muscle of Limulus. Concentrations of cocainc hydro-

chlonUc III plnsma or sea ivatcr up to saturation have no distinct effect

on the Limulus heart muscle either in the direction of stimulation or

depression.— y^o distinct evidence of primary stimulation of the

muscle was ever obtained when a saturated solution of the drug in

plasma was allowed to act on the ganglion-free part of the heart for

a long period. A gradual diminution in the amplitude of the con-

tractions of that part of the heart was usually observed, but this

effect was so gradual that it could scarcely be distinguished from the

ordinary gradual decline in the cardiac rhythm under the experi-

mental conditions.

When solutions of cocaine in plasma are applied to the whole heart,

the rhythm is augmented in just the same manner as when the same

solutions are applied to the isolated ganglion. It is evident from the

above results that this stimulation is due solely to action of the drug

on the ganglion.

3. The vertebrate heart. — Physiologists are not agreed as to the

direct effect on the heart rhythm of cocaine. Primary augmentation

of the rhythm has been described both in the frog and mammal.i in

the mammal this augmentation is probably in part due to depression

of the vagus centres and to stimulation of the augmentor centres in

the medulla. In the isolated mammalian heart Hedbom ^ usually

obtained depression of the rhythm by cocaine, not preceded by

stimulation, while in a few cases indications of a primary stimulation

were recorded.

There is, therefore, some indication that cocaine has a primary

stimulating action on the vertebrate heart similar to that on the

Limulus heart ganglion. This is further indicated by the primary

stimulating action of this drug on the central nervous system and

peripheral ganglia ( Auerbach's ple.xus). Cocaine has a depressor

effect on skeletal muscle similar to that on sensory nerves and nerve

I Mosso: .•Xrcliivfiircxperimenlelle I'.ntliologie uiid Pharmakologie. 1887, .x.xm,

p. ?53; .AxREl' : .Archiv fiir die gesammte I'liysiologie. iSSo, xxi, p. 28.

- Hedbom: Skandinavisclu-.s .-\rehiv fiir I'hysiologie.' 1899, ix, p- 61.

V
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endings. According to some investigators, iiovvever, the depression
is preceded by a stimulating phase. It is obvious that more work
is required on the nature of the action of cocaine on the heart and on
curarized muscle in the vertebrates before valid comparisons can be
made with the mechanism of cocaine action on the heart of Limulus.

X. The Action of Piloc.vkpin.

1. The Limulus heart ganglion. So/ittioiis of pilocarpin hydroclilorate

in plasma or sea water have a primary stimulating action on the Linnt-
Ins heart ganglion. — In weak strengths (i to 10,000) the stimulation

appears only in the augmented intensity of the nervous discharges, the
rate of the ganglionic rhythm remaining the same, but in the stronger
solutions (I to 500, I to 1000) the rate may be augmented to a point
approaching incomplete tetanus. This degree of stimulation of the
ganglion is always accompanied by increased tonus of the muscle.
The stronger solutions of the drug usually produce some irregularity

of the ganglionic rhythm, and this is followed by depression of the
rhythm particularly in the intensity of the nervous discharges.

The stimulating action of pilocarpin on the heart ganglion is coun-
teracted by calcium chloride.

2. The Limulus heart muscle. — Solutions of pilocarpin in sea zeater

orplasma appear to have no distinct effect on the ganglion-free part of
the Limulus heart. — This is true for concentrations up to i per cent.

Greater concentrations were not tried. The strength of the drug
that causes great primary stimulation when applied to the heart gan-
glion produces no effect, either in the line of stimulation or depression,
when applied to the ganglion-free part of the heart. When these
solutions are applied to the whole heart, the same effect is obtained as
by bathing the ganglion in the solution. And since pilocarpin has
jjractically no action of the heart muscle, it is evident that the effects

produced by the drug action both on the heart muscle and on the
heart ganglion at the same time are due solely to the action of the
drug on the ganglion.

3. The vertebrate heart. — The most Striking action of pilocarpin in

the vertebrates is the stimulation of the endings of secretory nerves
in glands and of the nerve endings in smooth muscle. Pilocarpin
also stimulates peripheral ganglia (.A.uerbach's plexus) as well as the
central nervous system. Nothing appears to be definitely established
touching the jirimary action of this drug on skeletal muscle and
smooth muscle.
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The literature is conflicting toucliing the primary action of pilo-

carpin on the heart. According to Pickering.^ pilocarpn, has a pri-

mary stimulating action on the embryonic heart (chick). In the case

of the isolated mammalian heart Hedbom '^ sometimes observed a

primary stimulation of the rhythm following the administration of

pilocarpin. This stimulating phase is followed by depression, which

may in turn give way to a second phase of stimulation. In some

preparations no perceptible augme.itation preceded the depressor

sta-e The usual account of the primary action of pilocarpin on the

intact heart of frog and mammal is that the drug causes a pri-

mary depression of rhythm. This depression is usually ascribed to

the stimulation of inhibitory ganglia and nerve endings in the heart,

as it is counteracted by atropin. These conflicting results are prob-

ably to be accounted for by the simultaneous stimulation of both

inhibitory and motor nervous mechanism in the vertebrate heart, the

inhibitory being usually the more powerful in the beginning and

obscuring the eff-ect of the simultaneous stimulation of the motor

gan-lia or ple.xus. This would be analogous to the simultaneous

stimulation of the inhibitory and augmentor fibres m the vagi, in

which case the inhibitory effects entirely obscure the action of the

augmentor nerves in the beginning. In the hearts where pilocarpin

causes augmentation prior to the depression the motor nervous

mechanism is probably for some reason the more exctab e and

powerful The uniform stimulating action of the alkaloid on the em-

bryonic heart may be due to a later development of the inhibitory

nervous mechanism as compared to the motor.^ The Limulus heart

gancrlion contains inhibitory nerves and nerve endings, but it may not

contain any inhibitory ganglion cells. At any rate, the stimulation of

the motor cells by the drug completely obscures possible simultane-

ous stimulation of the inhibitory nervous mechanism.

XI. The Action of Phvsostigmix.

1 The heart ganglion of Limulus. Solutions of physostigmin in

plasma or sea water have a pnmavy stimulating action ou the Limulus

hea,t ?anglion.-Th\s alkaloid is not a very strong stimulant to the

ganglfon, however. In dilutions of . to 5000 it has no appreciable

effect. In concentrations of i to 2000 and stronger the alkaloid in-

1 PlCKERiNO : Journal of phvsiology. if^93. "iv, p. 461

^ Hedhom: Skandinaviscbes Archiv fur I'hysiologie, 1899, ix, p. 5(5-

8 Carlson : Tlii.s journal, 1905, xiv, p. 52.
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variably stimulates the ganglion without any indication of a primary

depression. Irregularity and depression of the ganglionic rhythm

follow the stimulating phase when strong solutions are employed.

The weaker solutions augment only the intensity of the nervous dis-

charges from the ganglion, the rate remaining unchanged.

2. The heart muscle of Limulus. Solutions of p/iysostiginin in

plasma or sea water in concentrations up to I to 500 have no appreciable

effect on the ganglion-free part of the heart, cither in the direction of
ilcpression or sliinnlation. — Stronger solutions were not tried, mainly

because of lack of time and animals. Whatever be the effect of this

alkaloid on the muscle in strong doses, it is obvious that the heart

ganglion is more sensitive to the drug, and that the reaction of the

whole heart to the moderately strong (up to i to 500) solutions of

the drug is due to the action of the drug on the ganglion.

3. The vertebrate heart. — In the last edition (1906) of his text-

book Cushney states that "the action of physostigmin on the verte-

brate heart requires further investigation," a statement that any one

who has had occasion to consult the literature on the subject will

readily assent to. It is well established that physostigmin has a pri-

mary stimulating action on the central nervous system, peripheral

ganglia (Auerbach's plexus),' and nerve endings in skeletal muscle,

smooth muscle, and glands. There is some evidence that this drug

has a primary stimulating action on muscle, although the evidence is

not conclusive.

Application of physostigmin to the frog's heart causes slowing and

strengthening of the beats, according to most observers. This is fol-

lowed by paralysis. The strengthening of the beats is usually inter-

preted as due to a direct stimulating action of the drug on the

automatic heart tissue. Primary augmentation as well as primary

depression of the heart rhythm has been observed to follow the

administration of physostigmin in the intact mammal, and the same

results were obtained by Hedbom on the isolated mammalian heart.

In most of Hedbom's experiments the effects of the drug were a pri-

mary slowing and an increase in the strength of the beats.

It does not seem probable that a drug having a primary stimu-

lating action on perhaps all the tissues should have a primary de-

pressant action on the heart of vertebrates. The primary slowing of

the heart caused by the administration of this drug is therefore in all

probability due to the stimulation of an inhibitory nervous mechanism

' Maonus : Arcliiv fiir die gesanimte Physiologie, 1905. cviii. p. 2S.
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ill the heart. It seems also reasonable to suppose that the local

motor nervous mechanism is at the same time stimulated, but that

the eliects of this stimulation are usually marked by the more power-

ful influence of inhibitory mechanism. In some conditions of the

heart the former may be more powerful than the latter, and we have

in consequence a primary augmentation of the rhythm, as recorded

in some of Hedbom's experiments. This interpretation brings the

action of physostigmim on the vertebrate heart in complete accord

with its action on the Limulus heart, the only difference being that

in the Limulus heart the motor nervous mechanism is invariably

more powerful than the inhibitory.

Physostigmin acts more powerfully on the Limulus heart ganglion

than on the heart muscle, and in the vertebrates the drug certainly

acts more powerfully on the nervous tissues than on muscle, even

granted that in therapeutic doses it acts on the muscle at all. These

Facts make it probable that the primary action of physostigmin on

the vertebrate heart is also due solely to its action on the local nerve

centres.

XII. The Action of Aconitin.

1. The heart gangUou of Limulus. Acoiiitin alkaloid in plasma or

sea water has an intense stimulating action on the Limulus heart

ganglion.— I'ax?. primary stimulation appears even with dilutions

of \ to 1,000,000. At this dilution the stimulating action appears

mainly in the augmented intensity of the nervous discharges, the

rate remaining the same or being only slightly accelerated. In

strengths of i to 500,000 the ganglion is thrown into incomplete

tetanus, and the tonus of the muscle is increased. The augmented

ganglionic rhythm soon becomes irregular and depression and

ultimate paralysis follow within a few minutes. The paralyzed gan-

glion may be revived by replacing it in sea water or plasma, pro-

vided it is removed from the solution containing the drug as soon as

complete paralysis sets in.

The stimulating action of the weaker solutions of aconitin on the

ganglion is counteracted by calcium chloride.

2. The heart muscle of Limulus. Solutions of aeonitin in plasma or

sea water in coneentrations up to i in 100,000 have no appreciable effect

on the Limulus heart w;w^'. — Stronger solutions (i to 50,000)

appear to gradually depress the strength of the contractions of the

ganglion-free part of the heart. No indications of a primary stimu-
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lation of the heart muscle or the motor nerve and nerve endings

were ever obtained. But my experiments with the effects of the

strong sohitions on the ganglion-free ]3art of the heart were not

extensive, because after I had found that the concentrations of the

drug that were sufficient to stimulate the ganglion to the point of

paralysis within a few minutes bad no effect on the heart muscle, it

was obvious that the heart action of the alkaloid in " therapeutic
"

doses is solely due to its action on the ganglion.

3, The vertebrate heart. — In the vertebrates aconitin acts pri-

marily on the nervous system. Its primary action is stimulation

(pllowed by depression and paralysis, and this is true both for the

central nervous system, peripheral ganglia (Auerbach's plexus), sen-

sory, secretory, or motor nerve endings. As far as I can learn from

the literature, this alkaloid has little or no action on skeletal or

smooth muscle, at least in the concentrations that act strongly on

the above nervous structure.

The literature is unanimous that aconitin has a primary stimu-

lating action on the vertebrate heart, frog as well as mammal ; the

stimulating phase is followed by irregularity, depression, and final

paralysis of the heart. In other words, the action of aconitin on

the vertebrate heart is identical with the action of aconitin on the

Limulus heart ganglion. And since this alkaloid has practically no

action on the Limulus heart muscle in dilute solution, nor on skeletal

or smooth muscle in vertebrates, but acts primarily as a stimulant on

nerve centres and nerve endings, in the vertebrates, it seems reason-

able to conclude that the stimulating action of the drug on the verte-

brate heart is similarl\' due to its action on the motor ganglia in the

heart and not to any stimulating action directly on the heart muscle.

XIII. The Action of Veratrin.

1. The Limulus heart gaiigliou. Solutions of veratiiii in plasnia or

sea water have a primary stiinnlating action on the Limulus heart

ganglion.— Veratrin proved to have even a more intense action on the

heart ganglion than aconitin, as its stimulating action is very intense,

even at dilutions of i to 10,000,000. At strengths of i to 500,000 or

I to 100,000 the stimulation approaches incomplete tetanus, the

rhythm at the same time becoming irregular. In these strong solu-

tions depression and paralysis of the ganglion supervenes within two

or three minutes. If, following complete paralysis, the ganglion is
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quickly transferred to plasma or sea water, the automaticity may be

restored. In two preparations that were in poor condition veratrm

solution of the strength of i to 500.000 paralyzed the ganglia instan-

taneously without any indication of a primary stimulation.

The stimulating action of veratrin on the heart ganglion is counter-

acted ty calcium chloride.

2. The heart muscle of Limulus. Sohitioiis of vcnxtriu of the

strength of I to S or 10 million appear to have no cffeet on the ganglion-

free%rt 'of the /;m;-/.— Concentrations between i to 1,000,000 and I

to 100,000 diminish the contractions without any indication of a

primary stimulation, while the still stronger solutions cause tonug

contractions of the heart muscle. The depression of the contractions

without primary stimulation by the medium-strength solutions is

probably due to depression of the motor nerves or nerve endings,

while the very strong solutions cause tonus contractions by direct

action on the heart muscle. Further work will be done to decide

this point. The moderately strong solutions of the alkaloid applied

to the ganglion also cause increased tonus of the heart muscle

accompa'nied by augmented ganglionic rhythm, but this tonus sub-

sides as depression and paralysis of the ganglion supervene. Follow-

ing Kolliker, veratrin is usually designated as a " muscle poison." In

the Limulus heart it certainly acts more strongly on the ganglion

than on the muscle.

3. The vertebrate heart. —Veratrin stimulates the central nervous

system and peripheral ganglia (Auerbach's plexus), but motor nerves

and nerve endings are paralyzed without any primary stimulation.

The alkaloid also stimulates sensory nerve endings and primarily

increases the excitability and contractility of skeletal muscle. The

action of veratrin on the vertebrate heart is more difficult to interpret.

In the case of the isolated mammalian heart Hedbom obtained some-

times a primary augmentation of the rhythm followed by slowing and

irregularity of the beats; at other times the primary action was a

slovving of the rhythm followed by augmentation, irregularity, depres-

sion, and final paralysis. This is also the usual action on the Irog

heart. The explanation of these phenomena is in all probability the

same as that suggested in the case of physostigmin. Veratrin stim-

ulates both motor and inhibitory nervous mechanism in the heart,

the acceleration of the rate being due to the stimulation of the

former, the slowing of the rate to the stimulation of the latter. On

simultaneous stimulation the inhibitory effects usually overshadow
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the motor in the beginning, but the reverse may also take place.

The increase in the strength of the beats may be due either to the

action on the heart muscle directly or to action on motor ganglia.

The only difference between the action of veratrin on the vertebrate

heart and the LimuJus heart appears to be this, that in the latter the

local inhibitory mechanism is less developed, in consequence of which

only the aiigmentive action becomes apparent. Veratrin does not

lengthen the contraction time of the Limulus heart muscle to any

appreciable extent in the manner exhibited by the frog's ventricle.

When the concentration of the alkaloid is strong enough to act on

the heart muscle, it produces tonus contraction, on which the funda-

mental beat may be superimposed for a minute or so, but this

strength of the drug suppresses the normal contraction so rapidly,

evidently by paralyzing the motor nerves, that comparison cannot

here be made with the frog or the mammalian heart. It is true, iiow-

ever, that the Limulus heart muscle contracts and relaxes much
slower than normally, when in condition of veratrin tonus.

XIV. The Action of S.aponmn.

1. The Limulus heart ganglion. Solutions of saponin in plasma or

sea vjatcr have a primary depressant action on the Limulus heart

ganglion. — In weak concentrations (i to 200,000, i to 500,000) the

primary depression of the ganglion appears only in the diminished

intensity of the nervous discharges, the rate remaining the same.

On continued action of sa/'onin solutions the ganglionic rhythm soon

becomes irregular, and in some stages of this phase the rate of the

nenous discharges may l>e slightly greater than the normal. The
intensity of the ner\ous discharges continues weaker than the normal

until jiaralysis sets in. In no case tlid I obtain a distinct primary

augmentation of the ganglionic rhythm with any strength of saponin.

We may therefore conclude that saponin depresses the heart ganglion

without primary stimulation. The depression of the intensity of the

nervous discharges is in most cases uniform, but the rate of the nervous

discharges from the ganglion may be momentarily augmented.

2. The Limulus heart muscle. Solutions of saponin in plasma or

sea ivater depress the heart muscle without any primary stimulation. —
The action of this alkaloid on the ganglion-free part of the heart

is therefore the same as on the heart ganglion, the only difterence

being that the ganglion is much more sensitve to the action of
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saponin than is the heart muscle. Concentrations of i to 200,000 or

I to 500,000 appear to have no effect on the heart muscle. But

decided depressor action is obtained with ,V. \, or I per cent

strength.

3. The vertebrate heart. — Saponin appears to depress and par-

alyze all tissues in the vertebrates without any primary stimula-

FiGURE 7.- About two-thirds the original size. Tracings from the anterior end of the

Limulus heart. A (ganglion isolated posteriorly), :<;, application of saponin 1-200,000

to the isolated ganglion. Showing primary depression. B, x, application of saponin

1-50,000 to the ganglion-free anterior end. Showing primary depression.

tion. This is also true of the heart, although the heart is more

resistant to the action of saponin than the central nervous system and

most peripheral nervous tissues. Saponin thus acts exactly the same

on the Limulus and vertebrate heart, and since the drug has the

same action on nervous tissues and muscular tissues the question of

point of action in the heart is of little moment.

Saponin increases the permeability of red blood corpuscles and of

pus corpuscles to ions.^ It is probable that saponin has the same

action on the cells of other tissues. The depressor action may there-

fore be casually related to the disturbance of the normal osmotic

relations between the cells and the lymph. This question is being

investigated.

XV. The Action of Quinmne.

1. The Limulus heart ganglion. — Quinine sulphate is but slightly

soluble in the Limulus plasma or sea water, the actual strength of

the various solutions worked can therefore not be given. In the

weaker concentrations I sometimes obtained a slight augmentation

of the intensity of the nervous discharges prior to the depression, but

with stronger solutions such primary stimulation was never observed.

The action of this alkaloid on the heart ganglion is therefore depressant,

with a possible slight initial stimulation, hut the latter is so slight and

> Stkwakt : Tlie journal of experimental medicine. 1902, vi, p. 257.
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of so short t/iinitioH tliat it is not alioays detected. The' depressor

action appears mainly in the intensity of the nervous discharges, the

rate of the ganglion rhythm remaining the same or being but little

altered. This is variably true for the weaker solutions. In the later

stages of the action of the weaker solution the rate of tlie ganglionic

rhythm is also diminished. The stronger solutions (one-half satu-

rated) may depress the rate almost from the very beginning. The
slight indication of primary stimulation never appeared in accelerated

rhythm, nor was any acceleration of the rate of the nervous dis-

charges obtained during any stage preceding complete paralysis of

the ganglion.

2. The heart muscle of Limulus. Tlte action of quinine on the heart

viiisele is the same as on the heait ganglion, with the difference that

the latter is much more sensitive to the drug than the former.—The
weaker solutions that still have a decided depressant action on the

ganglion have no influence on the ganglion-free part of the heart, or

the action is so gradual that it cannot be distinguished from the very

gradual decline of the heart rhythm under the experimental con-

ditions. Stronger solutions (one-half saturated) depress the heart

muscle gradually. In some preparations a slight indication of a

primary stimulation was obtained, lasting for a few beats.

3. The vertebrate heart.— So far as I can make out from the

literature, the action of quinine on the vertebrate heart is identical

with that on the Limulus heart, that is, depressor with a possible

slight initial stimulation. The acceleration of the heart following

administration of quinine in the intact mammal is in all probability

due to depression of the vagus centre in tlve medulla. Both in

the isolated frog's heart' and the isolated mammalian heart- the para-

mount action is depression of the rhythm. The slight indication of

primary stimulation sometimes observed in the Limulus heart is

either absent in the vertebrate heart or else of so brief duration as to

escajje detection. Quinine tends to produce somewhat greater

irregularity of the heart rhythm in the vertebrates than in the

Limulus.

Hedbom interprets the depressor action of quinine on the isolated

mammalian heart as due to the stimulation of the inhibitory nervous

mechanism in the heart. That interpretation appears to me in all

probability incorrect. The depressor action is persistent till paraly-

' Santesson : Arcliiv filr c.xpetiiiientelle Patliologie und Pharmakologie. xxxiii,

p. 321.

- Hedhom : .Skandinavisches Arcliiv fiir Physiologie, 1S99, ix. p. 33.



204 ^- 7- Car/son.

sis supervenes, except for occasional periods of more rapid rhythm

during the irregular phase, while we know that the primary st.mulat-

incr action is of very brief duration. The depression of the rhythm

is "probably due to depression both of the motor nervous mechanism

and the heart muscle, in the case of the dilute solutions perhaps

mainly due to the former, as we have seen is the fact in the L.mulus

heirt The point of action of quinine on the heart has little bearing

on the question of the nature of the heart rhythm, since this drug

acts in the same way both on the nervous tissue and the muscular

tissue in the heart.

u«juuiimww.imum«.iiu«U(Mlli^

F.GURF 8 -About one-third the original size. .Simultaneous tracings from the anterior

(upper record) and posterior (lower record) end of the Limulus heart. The ganglion

extirpated in the first two segments and the heart muscle transsecled, leaving the

two ends of the heart connected only by the lateral nerves. Upper record, .v, appli-

cation of adrenalin chloride 1-200,000 to the ganglion-free anterior end. Lower

record .v, application of same strength of adrenalin to posterior end of heart, show-

ing primary stimulation both of the ganglion and the ganglion-free part of the heart.

XVI. The Action of Digitalin.

1. The heart ganglion of Limulus. So/nticvis of digitalin in plasma

or sea water have a p)-imary stininlating action on the Limulns heart

gani:lioH. — Vr\m^.ry depression of the ganglionic rhythm was never

obtained. In dilutions of i to lO.OOO or 15,000 the stimulation of the

ganglion appears onlv in the increased intensity of the nervous dis-

charges, the rate remaining the same. In greater concentrations

both^the rate and the intensity of the nervous discharges from the

ganglion are augmented. In strengths of i to 500 or i to 1000

the stimulation of the ganglion may approach incomplete tetanus,

the tonus of the heart muscle is increased, and the rhythm soon be-

comes irregular followed by depression and final paralysis. The

irregularity in the rhythm appears both in the rate and the intensity

of the nervous discharges, mainly in the latter. Thus, by the action

of the stronger solutions of digitalin on the heart ganglion of Limu-

lus, tracings may be obtained which closely resemble the records
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from the isolated mammalian heart in the irregular phase of the

digitalin action.

The stimulating action of digitalin on the Linuilus heart ganglion

is counteracted by calcium chloride. Concentrations of digitalin of

I to 1,000 paralyze the ganglion within seven to ten minutes.

2. The heart muscle of Limulus. Solutions of digitalin stronger

than I to 1000 cause tonus contiactions in the Limulus heart muscle,

and the increased tonus is usually accompanied by stronger beats for a

sho/t period, but this stimulating phase is quickly followed by a dimi-

nution and complete cessation of the beats while the increased tonus

of the muscle persists. In some cases the tonus of the muscle

produced by strong solutions of digitalin was not accompanied by

stronger contractions of the ganglion-free part of the heart, the

strength of the contractions being diminished from the beginning.

The tonus contraction of the muscle produced by strong digitalin

is counteracted by calcium chloride.

The weaker strengths of digitalin (i in 2000 down to i in 15,000)

depress the contractions of the ganglion-free part of the heart with-

out any, or, at the most, with only the slightest indication of primary

stimulation. The slight indication of primary stimulation was ob-

tained in only two preparations with solutions of the strength of i in

10,000. These weaker solution.s cause no tonus contraction of the

muscle. The weakest strength of the drug that will affect the gan-

glion has practically no effect on the ganglion-free part of the heart.

Stronger concentrations than i in 15,000 are required to produce the

typical depression just described, although there are great individual

variations in the degree of susceptibility to the action of the drug, the

degree of depression obtained by solutions of i in 10,000 is obtained

only by a strength of i in 5,000 in another heart.

I have some data which indicate that the primary depressant action

of digitalin in medium strength on the ganglion-free part of the heart

is due to depression (possibly preceded by a transient stimulation") of

the motor nerves and nerve endings, and the stronger solutions that

cause tonus contraction accompanied by a temporary increase in ex-

citability and contractility do so by acting directly on the heart

muscle. It is therefore probable that digitalin has a primary stimu-

lating action both on the heart muscle and the heart ganglion, the

latter being, however, much more susceptible to the drug than the

former.

3. The vertebrate heart. — The main point of interest in the action
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of digitalin in the higher animals has been its action on the heart,

and The literature on that subject is considerable. The drug has a

primary stimulating action on the central nervous system and pos-

sibly on peripheral ganglia. In strong concentrations it paralyzes

nerves and skeletal muscle, the latter after a primary stimulation.

The action of the drug on the isolated heart appears to be slightly

different in the fros; and in the mammal. The primary action in the

fro-'s heart is an increase in the strength of the beat accompanied by

a sFowin- of the rhythm. This phase is followed by irregularity, lack

of co-oixiination, periodic acceleration of the rate and ultimate paraly-

sis, the ventricle stopping in extreme systole. Instead of the primary

slowing of the rate, the drug may produce a primary acceleration. In

the isolated mammalian heart digitalin causes an initial augmentation

of the strength of the beat, usually without marked change in the

rate.' The Initial change in the rate, when present, may be either

slowing, as in the frog, or actual acceleration followed by slowing.^

The fundamental and typical action of digitalin on the vertebrate

heart is therefore the primary increase in the strength of the beats,

and this may be accompanied by a slowing or an acceleration of the

rhythm or attended by no change in the rate.

It is, therefore, evident that this primary action of digitalin on the

vatcbratc heart is almost duplicated by its action on the Limnlns heart

ganglion. The only difference is this, that the initial increased in-

tensity of the nervous discharges from the Limulus heart ganglion

is never accompanied by a slowing of the rate. The strengthened

nervous discharges may be accompanied by an accelerated rhythm,

in case the concentration of the drug is sufficiently strong, but in

no case did I observe a preliminary slowing. This preliminary slow-

ing is not a necessary result of the action of digitalin on the

isolated vertebrate heart, for while it is usual in the frog's heart, it

is not usual in the isolated mammalian heart. The further phenom-

ena of irregularity in the rhythm and grouping of the beats are the

same as the irregularities following the strong doses on the LimuUis

cranglion. In view of the results on the Limulus heart I would

Tnte^rpret the mechanism of the action of digitalin on the isolated

vertebrate heart as follows: the primary strengthening of the beats

and quickened rhythm are due to stimulation of the motor nervous

> GOTTLIEH and Magnus: Archiv f.ir experimentclk Pathologie und Phar-

niakologie, 1905, ii, p. 30.

•; Heubo.m : Skandinavisches Archiv fur Physiologic, 1898, viii, p. ibj.
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elements. The local inhibitory nervous apparatus is stimulated at

the same time, and in some cases this results in a slowing of the

rate. The irregularity of the rhythm results from the stimulation

of parts of the motor nervous mechanism not normally automatic,

that is, the parts that normally respond to impulses from the sinus

or from the auricles.

The increased tonus of the muscle in the frog's heart appears to be

identical with the tonus contraction produced in the Limulus heart

muscle by strong doses of digitalin. These phenomena are in all

probability due to a direct action of the drug on the heart muscle
rather than on the motor nervous tissue. The paralysis of the heart

by strong doses of digitalin is probably due to the paralysis of the

motor ganglia in the heart. This is certainly the case in the heart

of Limulus.

XVII. The Action of Adrenalin.

1. The heart ganglion of Limulus. Aiiicnalin IS a vety powerful
stimulant to the Limulus heart ganglion. — This stimulating action is

evident with dilutions of i to 500,000. The greater the concentra-

tion of the drug, the greater the intensity of its stimulating action on
the ganglion

; but adrenalin differs from drugs like aconitin, digitalin,

nicotin, or veratrin in that the nhythm does not become irregular.

In very strong solutions, however, the depression following the

stimulating phase may be accompanied by some irregularity. The
stimulating action of adrenalin on the ganglion appears both in the

rate and in the intensity of the nervous discharges. It is counteracted

by calcium chloride.

2. The heart muscle of Limulus. St'lutious of adrenalin chloride

in {>las»ia or sea ivater have a primary stimulating action on the gan-
glion-fee part of the Limulus heart Just as they have on the ganglion. —
Where such solutions are applied to the ganglion-free anterior end of

the heart the amplitude of the beats is gradually strengthened and
this stimulating action may last for hours. The only difference

between the heart ganglion and the ganglion-free part of the heart

in this reaction to adrenalin is the greater sensitiveness of the

ganglion. Solutions too weak to affect appreciably the ganglion-free

part still act on the ganglion, and any given strength of the drug
acts more quickly on the heart ganglion than on the ganglion-free

part of the heart.

It is, of course, impossible to say whether the stimulating action



2o8 A. y. Carlson.

of adrenalin on the ganglion-free part of the heart is due to its action

on the nerves or on the muscle or on both.

3. The vertebrate heart.— On the vertebrate heart adrenalin acts

in a manner similar to digitalin, that is, as a primary stimulant.

This stimulating action appears in increased strength of the beats

rather than in any augmentation of the rate, in the intact mammal

;

in fact, the rate is diminished by stimulation of the vagus centre in

the medulla.

Adrenalin has a primary stimulating action on the central nervous

system, and, according to the best supported view, on nerve endings

FIOURF y - About one-thiid the original size. Simultaneous record from the two ends

of the Limulus heart prepared as in Figure S. Upper record, ganglion-free anterior

end Lower record. Posterior end of heart containing the ganglion, x. nicotin alka-

loid 1-40,000 applied to anterior end. x\ nicotin 1-10,000 applied to anterior end.

x", nicotin solution replaced by plasma. Showing primary depression of the ganglion-

free part of the heart by concentrations of nicotin that strongly stimulate the ganglion.

of the sympathetic system.^ It is not supposed to act directly on

the muscle cells, though that is a disputed point. The supporters

of the myogenic theory ascribe the stimulating action of adrenalin on

the heart to a direct action on the muscle, though the evidence seems

to show that this drug acts on the nervous rather than on the muscular

tissues. The action of adrenalin on the Limulus heart is identical

with that on the mammalian heart. The results on Limulus, how-

ever, furnish no clue to the interpretation of the point of action of

the drug in the vertebrate heart, since the heart ganglion and the

ganglion-free part of the heart react to adrenalin in the same

manner.

XVIII. The Action of Ekcot.

1. The heart ganglion of Limulus. Extract of ergot in plasma or

sea water has a primary depressant action on the heart ganglion of

Zm«/«J.— The depression is confined almost entirely to the intensity

of the nervous discharges, the rate of ganglionic rhythm remaining

the same. The degree of depression is proportional to the strength

of the drug, the weakest solution having any appreciable action on

' See Elliott : Journal of physiology. 1905, xxxii. p. 4o'-
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the ganglion being i in 10,000. There is usually a gradual recovery

of the ganglion in case of the weaker solutions, even when the drug

is allowed to act on the ganglion continuously. The degree of

recovery may reach the normal rli\'thm, that is, in the strength of the

nervous discharges, but in no case did the ganglionic rhythm become

stronger than the normal after the primary depression.

2. The Limulus heart muscle. Extract of ergot in plosiiio or sea

water up to the strength of i in 1 000 /las no action on the ganglionfree

part of tlie Liinnlns heart. — Stronger solutions were not tried. It is

therefore evident that the heart ganglion is more sensitive to the

MIlMiJJ^
X X

'

1^ '"!
FiGURK 10. — Siimiltaiieou.s tracings from the anterior (upper record) and the posterior

(lower record) ends of the Limulus heart prepared as in Figure 8. a, digitalin 1-2000

applied to the ganglion-free anterior end of the heart. x\ the digitalin solution

replaced by plasma. Showing primary depression of the ganglion-free part of the

heart by this concentration of digitalin.

drug than is the heart muscle or the motor nerves. The ergot

solutions have the same action on the intact Limulus heart as on

the isolated heart ganglion. This action is consequently due to the

influence of the drug on the ganglion.

3. The vertebrate heart.— The commercial extracts of ergot con-

tain several to.xic substances, some of which have a primary stimu-

lating action both on parts of the central nervous system and on

peripheral ganglia, and possibly on nerve endings, while others are

said to act on muscular tissue in a manner similar to veratrin.

Sollmann and Brown ' have recently made exhaustive studies of the

action of ergot on the intact as well as on the isolated mammalian

heart, and I will confine myself to a comparison of their results with

those on the Limulus heart. I^irect application, that is, intravenously,

of solutions of ergot produce quickly a primary weakening of the

heart beats without any changes in the rate. The heart recovers

from this depressor action almost as qiiickh', and the degree of

recovery usually exceeds the normal strength of the beats; that is,

there is some indication of a secondary stimulation following the

depression. As these effects are obtained both in the intact and

' Sollmann and Hkown : Journal of .American medical association. 1905,

xlv, p. 229.
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in the isolated mammalian heart, Sollmann and Brown interpret them

as due to a direct action of the ergot on the heart muscle.

The direct action of ergot is therefore practically identical in the

mammalian heart and the LimuUis heart. The mechanism by which

these changes in the heart rhythm are produced may or may not be

the same in the hearts from these two widely separated groups of

animals, but in the case of Limulus we have seen that they are due

solely to the action of the drug on the heart ganglion.

The mechanisms of action of the foregoing drugs on the Limulus

heart need not be restated. Moreover, these results on the Limulus

heart do not warrant any general deductions as to the mechanisms of

action of the same drugs on the vertebrate heart, apart from the

interpretations already suggested in the case of each individual drug.

As was pointed out in the beginning of the paper, this is partly due

to the fact that the literature is not a unit as regards the primary

action of many drugs on the vertebrate heart, as well as to the fact

that we have scanty data on the pharmacology of the heart under

conditions eliminating, as far as possible, the factor of conduction and

co-ordination in the heart. Such data only can be directly compared

with the above results in Limulus.

This fact is, nevertheless, apparent that the pnniary heart action of

most of these dnigs is the same in Limulus and in the vertebrates, and

that ill case of the dmgs showing discrepancies, the literature on the

vertebrate heart is conflicting. We have seen that the primary action

of these drugs on the Limulus heart is due to their action on the

local motor ganglion. But this is suggestive for further work rather

than a warrant for further generalizations ; as the neurogenic theory

of the heart beat may be true for the vertebrates, and yet the

mechanisms of primary action of drugs in the Limulus and the verte-

brate hearts be very dissimilar, because in the vertebrates the motor

heart ganglia, the heart nerves, and the heart muscle may not e.xhibit

the relative excitabilities that we found in the Limulus heart. And

further investigation will probably demonstrate a local inhibitory

nervous mechanism in the vertebrate heart, a mechanism that appears

to be absent in the heart of Limulus. It seems to me, however, that

the interpretations of the mechanisms of action of drugs in the verte-

brate heart suggested by the pharmacology of the Limulus heart

bring, on the whole, the heart action of these drugs in line with their

known action on nervous and muscular tissues respectively.



THE EFFECT OF CASTRATION ON THE METABOLISM
IN OSTEOMALACIA.!

Bv KRAN'CIS H. .McCRUDDEN.

[from the Laboratory of Biological Chemistry of the Harvard Medical School.]

Introduction.

CASTRATION was first recommended as a curative measure

in osteomalacia by Fehling,- who obtained apparently permanent

cures in several cases of puerperal osteomalacia. The operation has

since been performed a number of times with good results upon

patients suffering from this disease. In the present paper an account

is given of the results of a metabolism experiment performed on a

young woman who had sufifered from osteomalacia and had been

castrated a year and a half previously in an attempt to cure the

disease. A similar metabolism experiment had been performed on

the patient just before the operation and another a few months after.^

The operation caused a marked change in the metabolism, and there

was apparently a marked improvement in the condition of the

patient, leading to union of a fracture of the femur. The patient was

then lost sight of for over a year. At the end of that time the

disease seemed to be in an acute condition again, and two fractures

occurred, one just before and one during the third metabolism

experiment. It is believed that the results throw some light on the

mechanism of the pathological processes which take place.

' This is a continuation of tlie study of osteomalacia started under the direction

of Drs. GoLDTHWAiT, PAINTER, and Osgood of Boston over two years ago. The
expenses were contributed in part by the Procter Fund for the Study of Chronic

Diseases.

^ H. Fehling: Archiv fiir Gyniiliologie, 1891, x.\.\i.\, p. 171; H. Fehli.ng:

Zeitschrift fiir debiirtshilfe und Gynakolo2;ie, 1894, xxx, p. 471; H. FehlinG:

Archiv fiir Gynjikologie, 1895, 1, p. 472.

' GoLDTHWAiT, PAINTER, OsGOOD, and McCruddrn : This journal. 1905,

xiv, p. 3S9.
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Experimental Results.

Third metabolism experiment diet. First ,/ay. - Breakfast
:
bread, 52.0 gm.,

butter, 12.6 gm. ; oatmeal, 148.5 g"i- ; coffee, 150.0 c.c.
;
cream, 50.0 c.c.

Dinner: liver, 38.0 gm.
;

potato, 94.3 gm- ;
bread, butter. Supper:

jam, 59.0 gm. ;
gingerbread, 79.0 gm. ; cocoa, 146.0 c.c.

5twW ,%.— Breakfast : oatmeal, 109.0 gm. ;
omelette, 4o.i gm-

;
coftee,

153.0 c.c; milk, 58.0 c.c; bread, butter. Dinner: fish, 46-8 gm. ;

T.-XBLE I.

Urine.

1st day . .

2d day . . .

3d day . . .

4th day . .

5th day . .

6th day . .

Total . .

Faeces . .

Total outgo

In food . .

CaO.

0.175

0.363

0.325

0.228

0.252

0.241

MgO. l'.,U,

1.584

6.69

8.27

3.44

0.0942

0.14S2

0.1243

0.0917

0.0964

0.0924

0.648

1.116

0.901S

0.9682

0.9146

0.8642

0.9184

0.9108

5.478

4.873

1.764

1..S04

10.35

12.28

0.3168

0.3976

0.3358

0.3252

0.3902

0.298

N.

2.0636

0.729

2.793

2.897

5.03

6.84

5.86

5.37

4.97

5.9

33.97

0.705

34.68

38.85

potato, 95.0 gm.
;
jam, 44.5 gm. ; bread, butter. Supper

:
oyster broth,

160.0 c.c. ; cocoa, 139.0 c.c ; jam, 48.5 gm. ;
bread, butter.

77»>// /%. — Breakfast: oatmeal, 17.5 gm. ;
omelette. 44.8 gm.

;
milk,

50.0 c.c. ; coffee, 153.0 c.c; bread, butter. Dinner: potato, 95.1 gm.
;

cabbage, 64.5 gm. ; broth, 121.0 c.c.
;

jelly, 6S.3 gm. ;
milk, 60.0 c.c ;

bread, butter. Supper : cocoa, 137.0 c.c. ; jam, 69.2 gm.
;
bread, butter.

Fourth ,/,r>— Breakfast: baked beans, 74-5 g™- >
coffee, 152.0 c.c.

;
bread,

butter. Dinner : beef, 38.0 gm.
;
potato, 124.1 gm. ;

peas, 56.7 gm.
;
ice

cream, 55.1 gm. ; bread, butter. Supper: pears. 58.5 gm.
;

cocoa,

128.0 c.c. ; bread, butter.

Fifth rt'rt>— Breakfast : oatmeal, 93.3 gm. ;
omelette, 132.0 gm.

;
coffee,

152.0 c.c. ; bread, butter. Dinner : lamb, 27.0 gm. ;
potato, 93.7 gm.

;

icecream 56.2 gm. ; bread, butter. Supper: apple butter, 61.5 gm.

;

cocoa, 125.0 c.c. ; bread, butter.
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StxtA day. — Breakfast: sausage, 30.1 gm. ; oatmeal, iio.o gm.; coffee,

127.0 c.c. ; milk, 60.0 c.c. ; bread, butter. Dinner: beef, 48.0 gm.
;
po-

tato, 92.5 gm. ; milk, 68.0 c.c. ; bread, butter.

Bread for the week, 551 gm. ; butter, 86.5 gm. ; sugar, 144.8 gm. ; salt,

3.82 gm. ; water, 2820.0 c.c. 'I'he analyses' are given in Table I.

For the sake of comparison a brief resume of the analyses obtained

in Experiments i and 2 is given in Tables II and III.

TABLE II.

EXPKRIMINT 1. PlRFOR.MEl) liEFORE THE OPERATION. DURATION' S DaYS.
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that in the food. The loss of calcium by the body is more marked

even than in the first experiment, in which case i.io gm. were

returned The daily excretion of calcium in the urine is high. The

average in this case in 0.264. According to Neubauer and Vogel,

the normal average is 0.16 gm.

The magnesium in the urine is lower than normal. According to

Neubauer and Vogel, the normal average is from 0.18 to 0.28 gm. per

day. We obtained in this case 0.108 gm. per day as an average.

Further, it may be seen that there is about twice as much mag-

nesium in the feces as in the urine, whereas we know that normally

magnesium is excreted chiefly in the urine.

The metabolism of the calcium and magnesium in this experiment

is essentially the same as in the first experiment, when the patient

was sufi-ering from the disease and before the operation had been

performed. One noticeable difference in the metabolism in the two

cases may be noted, however: in the first experiment there is an

enormous retention of sulphur; in the third experiment the retention

is almost negligible.

There is a retention of nitrogen and phosphorus in the third

experiment. Satisfactory studies of the effect of castration on the

inorganic metabolism have not yet been carried out, so that we do

not know the reason for this retention. A possible explanation lies

in the lowering of the metabolism, which, according to Loewy,

castration brings about. On account of our lack of knowledge

concerning the effect of castration on the metabolism the author

is about to begin a careful study of the effect of castration on the

inorganic metabolism of normal adult animals.

Discussion.

According to Fehling, osteomalacia is a tropho-neurosis of bone

due primarily to a diseased condition of the ovaries. Removal of

the ovaries does not, however, always effect a permanent cure, as

Neumann 3 as well as we ourselves have observed. Further, beyond

a slight hyperemia in some cases, the ovaries are not found to be

pathological; and cases of osteomalacia occur in young women

1 Neuhauer und Vogel: .Analyse des Harns, 1898, p. 45-

2 A. Loewy: Ergebnisse der Physiologie, 1903, ii, p. 130-

» Neum.^nn: Arcliiv fiir Gyiiiikologie, 1896, li, p. 130-
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whose ovaries have not yet become functional,' and also in men.

This disease therefore cannot be due in all cases to a pathological

condition of the o\aries.

Among others we can imagine three possible processes in osteoma-

lacia, namely, (l ) an incapacity of the inorganic ground substance

to enter into combination with and fix the inorganic salts, (2) a

deficiency of lime in the nutritive material supplied to the bones, and

(3) an especially active katabolism of bony tissue.

The first possibility might be thought of in connection with the

fact mentioned in our last paper that the composition of the organic

matrix is abnormal in this disease. It is improbable, however, that

a slight change in the chemical composition of the organic matrix

would affect its power of fi.xing lime. This process seems to be a

physical one, and dead bone- and even gelatin can take calcium away

from its salts in a similar manner. Further, this theory would not

explain the excess of calcium in the excreta over that in the food.

Again, as we shall see further on, the apposition of new osteoid

tissue is not the primary feature, and seems to come only after tlie

loss of calcium.

Deficiency of calcium in the food supply alone cannot be the cause

of the disease, for the absolute quantity of calcium excreted daily is

decidedly higher than normal, and not lower, as we should expect on

a diet too poor in calcium to maintain normal equilibrium. Further,

such an hypothesis does not explain why one person should suflTer

severely and others living on the same diet be perfectly well ; on the

other hand, artificial softening of bone has been produced in animals,

and especially in birds, where the osseous metabolism is especially

active by means of a diet poor in calcium,'' so that we can conclude

that a diet poor in lime or a condition of poor absorption of calcium

would probably act as a contributing cause if there were primarily

a condition of increased bone absorption.

In regard to the third cause we know that bones as well as other

tissues have an active metabolism until well into adult life, and that

absorption of old and building up of new bone is continuously taking

place. Further, the exceedingly large quantity of calcium excreted

' This is the case in our patient.

^ iM. Pfai'.n'dler : Miincheiier medizinisclie Wochenschrift, 1903, 1, p. 15;;.

^ VoiT : Zeitschrift fiir Biologie, 1880, xvi, p. 55; ROLL: Pathologie und

Therapie der Hausthiere, 2d cd.. p. 411 ; Chossat : Comptes rendus. 1S42. .\iv.

p. SI.
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in both urine and faeces establislics the fact that in osteomalacia ab-

sorption of bone is particularly active. The cause of the active katabo-

lism of bone in puerperal osteomalacia is undoubtedy the condition of

pregnancy, during which the developing foetus requires large quantities

of lime. Hanau' found at autopsy, especially in the bones of the

pelvis, a condition similar to that found in osteomalacia even in

pregnant women who seemed to be free from all signs of unsound

bones.

In the non-puerperal cases we do not know the cause of the active

bone katabolism. It is certainly not to be accounted for, as we

have already shown,- by the old theory of solution of the calcium by

an acid.

The abnormal sulphur metabolism may be explained as a condition

secondary to that of the loss of calcium, — an attempt to make up for

the great loss of osseous tissue by an excessive production of osteoid

material. In the first experiment, while the disease was in progress,

there was a loss of calcium with a retention of sulphur. The re-

moval of the ovaries immediately affected the calcium metabolism and

caused a retention. The change in the sulphur metabolism did not

respond so rapidly,— just as we should expect in accordance with the

view that the abnormal sulphur metabolism is secondary to the loss

of calcium,— so that in the second experiment there is still a reten-

tion of sulphur, but not so great a retention as in the first experiment.

By the time of the third experiment the sulphur metabolism had

finally reached a condition of equilibrium. Just previous to this time

the patient began to show symptoms of the disease again, and in

this e.xperiment, although there is a considerable loss of calcium,

a marked new formation of osteoid tissue (which would be indicated

by a retention of sulphur) has not yet begun. This combination of

the two unfavorable circumstances probably accounts for the spon-

taneous fractures at just this time.

It seems probable that the loss of lime and consequent softening of

bone in osteomalacia is merely one of the symptoms of the disease.

We may relieve this symptom for a time by removing the ovaries.

In the case of puerperal osteomalacia this operation removes also

the possibility of the condition — namely, pregnancy— which is

one of the causes of the disease. In non-puerperal osteomalacia,

' Hanau : Fortscliritte der Medicin, 1S92, .\, p. 236.

2 GOLDTUVVAIT, Tainter, Osgood, and McCrudden: This journal, 1905,

xiv. p. 3S9.
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castration likewise masks for a time the symptom of loss of cal-

cium, but does not have any influence on the ultimate cause of the

disease.

I wish til thank Drs. Goldthwait, Painter, and Osgood for obtaining

the liatient and maintaining her in the hosjiital during the course of

the experiment.



ON CONDUCTIOxN AND CONTRACTION IN SKELETAL

MUSCLE IN WATER RIGOR.

T

By CLYDE BROOKS.

[From thi Hull Physiological Laboratory of Iht Univ/rsily of C/»V,nr«.]

HE object of this paper is to ascertain whether contraction or

conduction ceases first in skeletal muscle on going into water

rigor.

Biedermann i bathed one end of the frog's sartonus in a hypotonic

solution till local water rigor was induced. He does not state

whether he used curarized frogs or not. On stimulating the rigid

part of the muscle, visible contractions occurred only in the other

end. He concluded from this that skeletal muscle in water rigor

may conduct without contracting.

Enc-elmann.-^ using the curarized sartorius, repeated and confirmed

Biedermann's observations and extended them to the frog's heart.

He bathed the auricles in a hypotonic solution till no visible con-

tractions could be obtained from them on stimulation ;
but on excit-

in- the auricles, the ventricles contracted. He concluded from this

that cardiac muscle in water rigor may conduct without contracting.

Three objections have been made to the above conclusions
:

—

1 It may be that nerve fibres resist the action of water for a

lon-er time than muscle fibres do. Therefore in the heart the

imposes may have been carried by the intrinsic nerves. Unless the

nerve endings in the sartorius were completely curarized, this may

have occurred in the case of the skeletal muscle too.

2 It is possible by the technique of the above experiments that

there was complete rigor in the outer fibres, and yet that the inner

fibres at this stage were relatively unaffected and able to contract on

artificial stimulation, and that such contractions were masked by the

rigidity of the outer fibres.

1 B.EDKR.MANN: Sitzungsberichte der Wiener Akademie der Wissenschaften,

1888-89 xc, Abtheilun^ 3, p. 101 ;
Electropliysiologie, 1895, p- 140-

2 Engelmanx: Arcliiv fur die gesammte Physiologie. 1894. Ivi, p- I99

31S



Conduction and Contractioti in Skeletal Muscle. 219

3. It is possible that the contractions observed were caused by

the spread of the electrical current (actual escape, or electrotonus)

instead of by physiological conduction.

Weight is given the first objection by the fact that in Limulus

heart in a certain stage of water rigor, the intrinsic nerves still con-

duct even after the muscle fibres have lost their contractility.'

In order to test this point on skeletal muscle, a retractor muscle of

the neck of the tortoise was used to make a preparation such as was

made of the Limulus heart by

Carlson in the article referred to

above. The retractor muscle is c===^-- ^

supplied by a large nerve running
j-,„„,^ i._ Method of preparing a re-

very near the surface of the muscle tractor muscle of the neck of the tortoise

from before backward, and giving for testing conduction through the intra-

off branches to the muscle fibres
muscular nerves,

at frequent intervals. In two places the main nerve was dissected

out and the muscle transsected into three parts connected only by

the main nerve which was left intact (Fig. 1). The middle segment

was then placed in distilled water. When the nerve was stimulated

after this segment had become rigid, no visible contractions occurred

in the middle segment itself, but both the other .segments contracted

strongly.

This shows that the intramuscular nerves of skeletal muscles may

conduct even when the adjacent muscle fibres are in water rigor.

This is analogous to the results of Carlson on the Limulus heart.

Therefore, if the uncurarized or the incompletely curarized sar-

torius was used, Biedermann's results may have been due to the

stimulation of the intramuscular nerves. Although on e.\amination

of May's drawings- of the nerve supply of the frog's sartorius, it seemed

possible that Biedermann's results were due to double conduction ;

yet several trials to show splitting of the a.xis cylinders by dissecting

out the nerve and transsecting the muscle at the point where the

nerve enters it, and then stimulating one segment, failed, for there

were no visible contractions in the other segment.

Since Engelmann used the curarized sartorius in confirming

Biedermann's exi)eriment, this objection does not apply to this part

of his work. Hut, as pointed out by Carlson, his results on the frog's

heart may have been due to the stimulation of the intrinsic nerves of

tlie auricles.

' Carlson : This journal, 1906, xv, p. \\z.

- May: Zeitsclirift fiir Biologic, 1S84, xx, p. 47<).
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On a priori grounds the second objection is reasonable, for, since

the water would touch the outer fibres first, they should become

rigid first. It is known that water rigor takes an appreciable time to

become well established.'

In order to obtain exact data on this point the retractor of the

tortoise was placed in distilled water and attached to a light lever

which magnified the contractions about ten times. After the muscle

had been acted upon by the water so that on stimulation no con-

tractions could be detected even by the aid of a lens, tracings about

i, mm. in height were still recorded on the drum. After immer-

sion of three or four hours the record showed no contractions what-

ever, even on stimulation with a much stronger current. The muscle

was then pared on all sides, leaving only a small core of clear-looking

tissue from the centre. On stimulation of this core with a much

weaker current than that first used, tracings 3 cm. in height were

recorded, the magnification being the same as before.

This shows that when skeletal muscle is allowed to stay for a time

in distilled water, the outer part loses its contractility a measurable

time before the inner part.

Therefore Biedermann's results may have been due to contractions

of a core of fibres in the centre of the muscle, such contractions

being masked by the rigidity of the outer fibres.

The third objection, as pointed out by Kaiser,^ applies to the work

of Biedermann and of Engelmann on the frog's sartorius.

In order to test this point experimentally, a curarized frog's sartorius was

isolated, placed in a vertical position with each end attached to a light lever,

and the middle held by a screw clamp. In order that this clamp should be

insulated from the muscle, two strips of cork were partly imbedded in a layer

of paraffin covering the surface of the clamp next to the muscle. Two fine

platinum wire electrodes were thrust through the muscles near its lower end.

The electrodes were connected with an induction machine supplied by a cell

with an E. M. F. of about one volt. The strength of current was adjusted so

that it should be more than sufficient to set up maximal contractions in the

directly stinuilated muscle and yet should not be strong enough for the current

to escape to the other end of the muscle. With the muscle so lightly clamped

that there was no interference with the passage of the contraction wave, the

adjustment was made by gradually increasing from a very weak current to the

point where there were maximal contractions. This fixed the minimal hmit

> IBlEUERMA.NN: Electropliysiologie, 1895, p. 305.

2 Kaisek : Zeitsclirift fiir Hiologie. 1895, xxxi, p. 244.
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of the current to be used. Then the muscle was so strongly crushed by

tightening tlie clamp that no physiological conduction could occur. The
lower end of the muscle was then stimulated with increasingly strong cur-

rents till contractions began in the other half This fixed the maximal limit

of the strength of stimulus to be used. Tlie crushed muscle was next re-

placed by an intact one. A dish of distilled water was brought up around

the lower half of the muscle sub-

merging all that part of it below

the clamp. The upper part of the

muscle was kept moist with 0.7 per

cent sodium chloride solution. The
preparation was allowed to stand in

this condition except at certain in-

ter\als when the water was drawn off

and the muscle stimulated. c- c-i. • u « ,riGURE 2.— Showing the effect of water on

T-L . ^,,. , , contraction and conduction in the curarizedIne tracings (fis:. 2) show , , . . , ^ .° ^ ° ' frogs sarton us. A. Contractions of the part
that the part of the muscle in in water on direct stimulation. B. Contrac-

vvater gradually shortens and ''°"s °f 'h^ paf "<" '" water on stimulation

loses contractility and also con- °^ ""* P"' '" ""''"• "^^^ stimulations are

. .

^
at one minute intervals.

ductivity, as measured by con-

tractions in the upper half of the muscle, so that in about twenty
minutes all visible contractions in both parts of the muscle have
ceased. On stimulating the upper part of the muscle directly, there

were strong contractions. After this the rigid half was again stimu-

lated with gradually increasing currents. When the maximal limit

for stimulation, as determined above, was exceeded, the upper half of

the muscle gave full contractions. But these were due to the spread
of the current and not to physiological conduction, for after crushing
the muscle with the clamp the contractions persisted. This agrees
with the results of Kaiser, and is not necessarily contrary to those of

H. E. Hering.i

It would seem, therefore, that the conclusions of Biedermann and
of Engelmann do not follow from their observations.

In order to avoid the above three sources of error, an effort was
made to study microscopically the effect of water on contractility

and conductivity in an isolated muscle fibre of several cm. in length.

Two shallow cells were constructed of paraffin side by side on a glass slide

which was placed on the stage of a microscope. One cell was filled with dis-

tilled water
;
the other with 0.07 per cent NaCl or with Ringer's solution. Next

' Heri.ng: Archiv fiir die gesammte Physiologic, 1901, l.vxxvi, p. 549.
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the fibres of the retractor were separated by the aid of a microscope. This

muscle was used on account of the great length of its fibres Var.ous method

fo/isolating a fibre were tried. The stripping method, wh,ch was the most

saccessful, consisted in separating the fibres at one end of the muscle and then

splitting them apart throughout their entire length. For th,s purpose fine

pomted forceps were most useful. .^ single fibre thus .solated was placed on

the slide with its anterior third submerged in the cell contammg the solufon ;

its middle third in the distilled water cell, while the

/T^-^-^s*^ posterior third was laid across two small electrodes con-

n^^-^^fc nected with the secondary cell of an induction machine.

VQX-^-^ On stimulation no change was observed in any ot the

FiGURE3.-Crosssec- preparations consisting of a single fibre. This negative

tion of a strip of result may be due to injuries during the process ot iso-

eleven muscle fibres,
j,^^^^^ p^^. ^^j^g^ ^ number of small strips of muscle

t^dtote'^t'.^lrft; tissue containing only a few fibres and several cm. in

^f i'eron /oLac- length (Fig. 3). was prepared in the same way, strong

tility and conductivity contractions were observed in all the fibres of some ot

in skeletal muscle.
^^^^ ^^^.^^ although only a somewhat small proportion of

strips were successful. This wLs also due to unavoidable injuries. In order

to minimize the danger of conduction through the intramuscular nerves, the

strip was taken from the upper edge of the muscle where there are terminal

nerve fibres onlv. For the same reason the electrodes were placed on the

posterior end of' the strip so that when it was stimulated the impulse would

travel in the muscle opposite to the direction of the nerve fibres.

The experiment showed that the part of the fibres acted upon by

the water gradually lost their contractility and conductivity m the

same measure in which they became swollen and opaque. All visible

contraction had disappeared in about three minutes. ^"-1"^''^"

throu-h that part of the fibres in the water, as judged by the con-

tractions of the part in the saline solution, ceased at the same time

Therefore it is probable that zohcn skeletal muscle goes into '.vate>

rigor, it loses both contractility and conductivity at practically the same

'"My thanks are due Dr. A. J.
Carlson for suggesting the problem

and for assistance in the work, and to Professor Stewart for criticism

of the manuscript.



THE CHEMISTRY OF THE PROTEIN BODIES OF THE
WHEAT KERNEL. — PART 11.^

PREPARATION OF THE PROTEINS IN QUANTITY FOR
HYDROLYSIS.

By THOMAS B. OSBORNE and ISAAC F. HARRIS.

[From Ihe Lcibornlory of the Conneclicul A^nullural Exfirimeiit Slalioii.]

' I ''HE recent advance in our knowledge of the several decomposi-
-*- tion products of the proteins and the methods for determining

their amount has given us a new means for differentiating our various

proteins and establishing their individuality. As the first step in

this direction, we have undertaken the present work, and in this

paper describe the methods which we have used in preparing our
material for hydrolysis.

Before undertaking to determine the nature and amount of the
products yielded by proteins when decomposed by boiling with strong
acids, it is essential that the large quantity of material necessary for

this work shall be as pure as possible, both as respects admi.xture
with non-protein as well as with other protein substances. VVe have
therefore endeavored to make preparations of the wheat proteins to

be used for a study of their decomposition products of the highest
degree of purity which our experience with them has made possible.

In regard to the chemical individuality of the several wheat proteins

which have been studied in the past in this laboratory we refer to

papers already published which deal with this subject.^ Although
positive evidence of chemical individuality of protein substances can-
not, with the means at present available, be obtained, there can be

' The expenses of this investigation were sliared by tlie Connecticut Agricul-
tural E.\periment Station and the Carnegie Institution of Washington, D. C.

'^ OsBORNii an() VooRHEEs: Americ.-in chemical journal, 1S93, xv, p. 392:
Ibid., 1897, xi.\. 236; Journal .American Cliemical Society, 1900, xxii. 371); This
journal, 1905, xiii, p. 36.
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no question that protein substances can be isolated from seeds and

animal tissues which are beyond doubt distinctly different substances.

Thus five unquestionably different forms of protein, differing

in composition, solubility, and physical characters, can be isolated

from the wheat kernel. Whether each of these is itself a chemical

individual or a mixture of two or more very similar substances cannot

at present be asserted. All that can be said is that it has not yet

been possible to separate them into fractions the properties of which

indicate a mi.xture.
.

Owin- to the extreme sensitiveness of proteins to the action ot

acids, alkalies, and salts, minor differences in solubility are not to be

depended upon as a basis for characterizing individual proteins.

Thus the protein edestin, which in pure water is entirely insoluble, in

the presence of a slight amount of acid is freely soluble therein. The

addition of a small quantity of a neutral salt throws the protein out of

this acid solution, while a larger quantity of salt at once red.s-

solves it.
•

, , »

Such differences in solubility have nothing to no with the protein

molecule proper, but depend on the formation of protein salts, the

solubility of which is different from that of the free protein itself.

As the formation of such protein salts depends on conditions that

in most cases cannot be taken into account, such differences m

solubility cannot be made a basis for characterizing the different

individual proteins. We are therefore limited in dealing with such

problems to the more marked differences in solubility, such as that in

alcohol, strong saline solutions, or alkalies, and to constant ultimate

composition of successive fractional precipitations.

Thus when proteins have been separated into fractions which have

the same composition, general solubility, and physical properties, we

are not justified in concluding that we have in hand a single individ-

ual protein. All we can conclude is that we have reached the limit of

separation attainable with the means now available, and that for the

present we must accept such products as the simplest units with

which we can now deal and which for the present must serve as our

basis for further study. If, on the other hand, protein preparations,

characterized in the manner above described, show distinct and con-

stant differences from one another, we are justified in considering

them to be different substances.

That the wheat kernel contains at least five such distinct protein

substances has been shown by extensive researches in this laboratory.
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the first of which ^ described the isolation of each of these and gave

the results of attempts to establish their individuality, so far as the

means then available permitted.

The proteins described were gliadiu, insoluble in neutral aqueous

solutions but distinguished from all the others by its ready solu-

bility in neutral 70 per cent alcohol
;
gluteiiin'r a protein having a

similar elementary percentage composition to gliadin, soluble in

very dilute acid and alkaline solutions but insoluble in dilute

alcohol or neutral aqueous solutions; leiicosiii, an albumin-like

protein, freely soluble in pure water and coagulated by heating its

solution to 50°-6o° ; a globulin similar in composition and prop-

erties to many gobulins found in other seeds; and one or more
proteoses which were present in very small quantity. In a later*

paper^ the proteins obtained from the embryo of the wheat were

described, and it was there shown that the globulin, albumin, and pro-

teose above mentioned formed nearly all of the protein substance of

this part of the seed. It thus appeared that these three proteins

were contained chiefly in the embryo, and that gliadin and glutenin

formed nearly the whole of the proteins of the endosperm, or over 90
per cent of the total protein matter of the seed.

Prepar.vtion of the Albumin, Leucosin.

The embryo of the wheat contains about 10 per cent of leucosin,

while the whole kernel yields about 0.3 to 0.4 per cent. The com-
mercial wheat-germ meal, which consists almost wholly of the embryo,

together with a small amount of endosperm and bran, was therefore

used in preparing the leucosin in quantity. The freshly ground meal

was e.xtracted with water, and, as the gummy solution could not be

filtered within a reasonable time, an equal volume of saturated ammo-
nium sulphate solution was added. The precipitate thus produced

was filtered out, dissolved in water, the solution filtered perfectly

clear, and the leucosin coagulated by heating the dilute solution to

65° in a water bath at 70°. As the only other protein substance

present in this solution was a relatively insignificant quantity of pro-

teose, the product obtained was practically free from any other pro-

' OSHOKNE and V'oorhkf.s: .A-inerican cliemical journal, 1893, xv, p. 392.

^ This is the protein which Ritthausen called gluten-casein.

' Osborne and Camf'HEI.i. : Journal .Vmerican Chemical Society, 19-00, x.\ii,

P- 379-
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tein This coa,«lum was thoroughly washed ^-^'"'^

>\:^X':xl
order to remove any admixed proteose, and dehydrated w> h absolute

Icoho The preparation formed a light white powder. In physical

proper ies and' elementary composition leucosin resembles the pro

tein' of animal tissues more nearly than the reserve proteu.s of he

nd sperm. It is much less stable than the latter and more read.ly

converted into an insoluble product.

Elkmeniaky Composition of Leucosi.n.

Carbon .

Hydrogen

Nitrogen

Sulphur .

Oxygen .

53.02 per cent.

6.84 " "

16.80 " "

1.28 " "

22.06 ''• "

100.00

Proteins of simdar composition and properties
f

.'— '" .° ^^^Z'

small quantity in many cereals and legumes, and it is possible that

Tes ike most of the animal proteins, form a part of the physiologi-

aly active tissue of the embryo and serve a different purpose in the

metabolism of the seed from that of the reserve protein of the ndo-

"
erm It is therefore a matter of interest to compare the results of

quantitative determinations of its decomposition products, both with

those of the endosperm proteins and with those of proteins from

physiologically active animal tissues.

Prep.\ration of the Globulin.

Whole wheat flour, when treated with 10 per cent sodium chloride

solution, yields to the latter about 0.6 per cent o protein, which, 01

dt^ is is thrown down in the form of minute spheroids that are fo

t"e mo t part readily soluble again in sodium chloride bnne. Th s

proteTn has the properties characteristic of a large number of globu-

Hns obtained from other seeds and also resembles t ese in composi-

in Whether this resemblance extends further we do not at presen

L . We hoped therefore to be able to obtain a suf^cent amoun

of thi's protein to enable us to make quantitative determinations of

its save al decomposition products, but in this we were disappointed.

Owl^g to the sma',1 proportion in which this globulin is « -med from

the flour of the entire seed, it is not practicable to pr pare large

quantities of it therefrom. We have therefore used freshly prepared
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embryo meal from which the globuHn can be extracted in consider-

able quantity. Unfortunately, when thus extracted, it is combined

with triticonucleic acid, although the preparations from the entire

seed contained none of this acid. Our attempts to separate the

globulin from the nucleic acid resulted in such great loss that we
were compelled to abandon our efforts to prepare sufficient quantities

for the present investigation.

The Proteosks. A

Aqueous extracts of the wheat flour always contain a small propor-

tion of protein matter which closely resembles in its properties the

substances which are obtained by the action of pepsin-hydrochloric

acid on native proteins. It is probable that these are to some extent,

if not wholly, due to the action of the enzymes of the seed on the re-

serve proteins of the endosperm, as well as on the tissue proteins of

the embryo. As we have no means of determining the origin of these

proteoses or of separating the mixture into products of probable

chemical individuality, we have made no attempt to prepare them for

further investigation.

Gliadin.

This important protein has been the subject of the first paper of

this series^ in which we reviewed the literature relating to gliadin pub-

lished since 1893 and gave our reasons for rejecting such evidence

as had been presented concerning the existence of more than one

alcohol soluble protein in this seed. We also showed that fractional

precipitates of gliadin from alcoholic solutions of various concentra-

tions yielded similar proportions of glutaminic acid.

There being no sufficient evidence that more than one alcohol sol-

uble protein occurs in the wheat kernel, we have made no attempt, in

preparing large quantities of gliadin for our present investigation, to

subject the protein matter extracted by alcohol to an}- fractional pre-

cipitation, but have undertaken to separate it as completely as pos-

sible from all other substances soluble in water, alcohol, and ether.

Wheat flour, unlike that of any other known seed, when mixed

with sufficient water, forms a doughy mass which, on kneading in a

current of water, yields to the latter nearly all the starch and water

' Osborne and Harkis : Tliis journal, 1905, xiii, p. 35.
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soluble substances and finally assumes a coherent and elastic charac-

ter. This latter product is " wheat gluten," and consists of a mixture

of two proteins, gliadin and glutenin, together with more or less of

the other constituents of the seed.

We have prepared the gliadin for this investigation entirely from

..luten, as thereby the water-soluble constituents of the seed are more

completely removed than by any other method of preparation which

can be readilv used on a large scale. The wheat flour was kneaded

nto dough in a domestic "bread mi-xer/ and then under water in a

specially constructed kneading-machine. After frequently decanting

and renewing the water, a thoroughly coherent gluten was obtained.

This was washed practically starch free in a current of water and

while moist, was ground by passing through a " drug press which

we found to be the most ready means of reducing it to comparatively

small pieces. The ground gluten was then extracted with alcohol o

such strength that, with the combined water of the gluten, a solvent

of 60-70 volume per cent resulted. The extracts were filtered per-

fectly clear, through thick felts of filter paper pulp, and the water-

clear solution, free from any trace of opalescence or turbidity, was

evaporated to a small volume on a water bath. The thick syrup that

resulted was cooled and then poured, with constant and rapid stirring,

into a large volume of distilled ice water containing a very little

sodium chloride. The gliadin was thus precipitated as a filament,

which, on stirring, united to a coherent plastic mass. This ghadin

was next dissolved by stirring with strong alcohol until all had gone

into solution, the water combined with the precipitated gliadin bemg

sufficient to dilute the alcohol to the proper degree. The resulting

solution was evaporated to a thick syrup, absolute alcohol bemg added

from time to time in order to hold the gliadin in the solution, since

this during the evaporation, became constantly more aqueous. 1
he

thick syrup was then poured in a very fine stream into a large volume

of absolute alcohol, under rapid and constant stirring. In this way a

porous mass of protein was obtained which was at once reduced to

small pieces and digested under fresh absolute alcohol When well

dehydrated, the gliadin was digested with ether, partially dried oyer

sulphuric acid, ground to a coarse powder, and then dried thoroughly

over sulphuric acid. When thus prepared, gliadin forms a snow-white,

friable mass which is easily reduced to a powder. If dried by slow

evaporation of its solution in dilute alcohol, it forms per ectly

clear transparent sheets that closely resemble pure animal gelatin.
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In consequence of this property gliadin was long known as plant

gelatin.

In cold water gliadin is slightly soluble, especially if a very little

acid is present. It is most probable that this solubility is due to the

formation of soluble gliadin salts, and that the apparent slight solubil-

ity of preparations obtained in the above manner is due to the exist-

ence of such salts in the seed or to their formation during extraction.

Gliadin is insoluble in absolute alcohol and, so far as known, in all

water-free organic liquids with the exception of glacial acetic acid.

In aqueous alcohol it is soluble, the degree of solubility increasing

with the amount of water until this reaches 30-40 percent and then '/•''

^

diminishing. The elementary composition of gliadin is shown by the

following figures, which are averages of many accordant analyses of

numerous fractional precipitations which have been made in this

laboratory.

Percentage CoMrosirioN of Gliadi.n.

A
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Percentage Composition of Glutenin



THE CHEMISTRY OF THE PROTEIN BODIES OF THE
WHEAT KERNEL. — PART III.i

HYDROLYSIS OF THE WHEAT PROTEINS.

Bv THOMAS B. OSBORNE .\XD S. H. CLAl'P.

[From the Laboratory of the Connecticut Ain-icultural Experiment Station.]

THE extensive use of wheat flour makes it of great importance

to know as much as possible regarding its chemistry and espe-

cially regarding the chemistry of its protein constituents. This is of

importance not only in relation to problems of vegetable chemistry

and physiology as well as to problems of protein chemistry, but

especially so in connection with the nutrition of man. In connection

with the latter question it has become of fundamental importance to

know the nature and proportion of the products which the food pro-

teins yield when decomposed by boiling acids, for the recent progress

in our knowledge of digestion has shown that the digestive enzymes

convert the food protein very largely into the same substances as

those produced by boiling acids. These final products of hydrolysis

are consequently the units with which the process of assimilation,

chiefly deals.

P\irthermore, as the wheat kernel is the only seed from which prac-

tically all of the protein constituents have been isolated and of which

we have the most definite knowledge both in respect to their kind

and proportion, it is especially desirable to supplement our present

knowledge by as full information as possible concerning the primary

decomposition products of thtse proteins in order that something in

regard to their structural relations may be known and the kind and

amount of the possible products of the metabolism of this seed may

be ascertained.

The investigation of this problem has accordingly been undertaken,

the results of which are given in the following pages.

' Tlie expenses of this investigation were shared by the Connecticut .Agricul-

tural Experiment Station and the Carnegie Institution of Washington, D. C.
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As stated in Part II of this series of papers,' gliadin, glutenin, and

leucosin are the only proteins of the wheat kernel which could be

obtained in suflficient amount for such quantitative estimations of their

decomposition products.

The determinations of the mono-animo acids have been made, for

the most part, according to the methods recently proposed by E.

Fischer,- and those of the bases essentially according to the methods

given by Kossel and his associates.^ The general plan of these

analyses has been that followed by Abderhalden ^ in analyzing

o.xyhremoglobin.

In carrying out this work care has been taken to make the identi-

fication of the substances determined as complete as possible, and

to weigh only such products as examination showed to be essentially

pure, so that the figures given in the following table are to be taken

as minimal, except possibly those given for prolin, which may be

slightly too high owing to the well-known difficulty of separating all

of the other animo-acids from its alcoholic solution.

The results of these analyses are given in Table I.

The analyses show that these three proteins are distinguished from

one another by differences so great that there can be no question that

decided differences in structure exist between them. Thus gliadin

differs from glutenin and leucosin by yielding no glycocoll and lysine

and much more prolin and glutaminic acid. Gliadin and glutenin each

yield very much more glutaminic acid and ammonia than leucosin

and less leucine. In respect to the amount of these amino-acids, leu-

cosin more nearly resembles the animal proteins than the seed pro-

teins thus far examined, and in this connection it is interesting to

note that leucosin occurs chiefly if not wholly in the embryo of this

seed and is probably one of its " tissue " proteins, in contrast to the

" reserve" proteins of the endosperm of which gliadin and glutenin

form the chief part.

Glycocoll is not given among the products of hydrolysis of gliadin,

for careful efforts to detect its presence in the preparation used for

this analysis failed. Another hydrolysis of another lot of gliadin pre-

pared in essentially the same way did yield 0.02 per cent of glycocoll,

1 Osborne and Harris : This journal, 1906, .wii, p. 245.

' Fischer, E.: Zeitsclirift fiir physiologiscbe Chemie, 1901, .xxxiii, p. 151-

» Kossel and Kutscher: Ibid.. i9oo,xxxi, p. 161 ;
and Kossel and Patten:

Ibid., 1903, xxxviii. p. 39.

« Auderhalden: Ibid., 1903, xxxvii, p. 484.
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ing the gliadin. A contamination of tiiis preparation with 2 per

cent of gtutenin would have sufficed to give the amount of glycocoll

found. The amount of prolin yielded by gliadin is larger than that

as yet obtained from any other protein, those coming nearest being

the albuminoids spongin and gelatin. As the amount of prolin from

glutenin is relatively high, the wheat proteins as a whole, so far as we

yet know, are particularly rich in this peculiar amino-acid.

Glutaminic acid is the chief product from the endosperm pro-

teins of this seed, gliadin yielding more of this acid than any protein

yet examined and, so far as known, very much more than the average

of our food proteins. The average amount of glutaminic acid from

the total protein matter of this seed is more than 30 per cent. The

yield of ammonia is likewise relatively very high, more than 4.5 per

cent for the total protein, while the aggregate amount of hexone bases

is correspondingly small. In respect therefore to the proportion of

several of their decomposition products, the wheat proteins present

marked and important differences from other food proteins.

Hydrolysis of Gliadin.

Eleven hundred grams of gliadin equal to 998.6 gm., dried at i \o\

were heated with a mi.xture of lOOO c.c. of concentrated hydrochloric

acid and 1000 c.c. of water on the water bath for several hours, until

the gliadin had dissolved and frothing had ceased. The solution was

boiled in an oil bath having a temperature of 115 for ten hours,

cooled with ice, and saturated with gaseous hydrochloric acid. After

remaining on ice for two days, the glutaminic acid hydrochloride that

had separated was filtered out, washed with ice-cold alcoholic hydro-

chloric acid, dissolved in water, the solution treated with bone black

and freed from ammonia by boiling with an excess of barium

hydroxide. After removing the barium with an equivalent amount

of sulphuric acid, the glutaminic acid was separated as hydrochloride,

and when recrystallized and thoroughly dried, weighed 374-3 g™-

equivalent to 300 gm. of free glutaminic acid. This was converted

into the free acid, which melted at 202°-203°.

Carbon and hydrogen, 0.62.8 gm. si.hst., gave 0.9276 gm. CO., and 0.3494 g'"-

H.,0.

Nitrogenlo.MU gm. subst. gave XH-, = 4-3 cc. HCl (i c.c. HCl - o.oi

gm. N).

Calculated for C',H,,0,X = C 40-78 ; H 6.18 ; N 9.54-

Foiind .... = C 40-69 ; H 6.24; N 9.40.
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The mother liquor from the recrystallized glutaminic acid was

added to the filtrate from the first separation of the glutaminic acid,

and the entire solution concentrated to a syrup under strongly

reduced pressure. Three litres of alcohol, previously saturated with

hydrochloric acid at a low temperature, were added to the syrup, and

dry hydrochloric acid gas was passed into the solution until it was

saturated. The mixture was again concentrated as before, under

reduced pressure, the syrup again taken up in three litres of alcoholic

hydrochloric acid, and, after standing several hours, again concen-

trated to a syrup, taken up in alcoholic hydrochloric acid and, after

some hours, concentrated to a syrup on a bath of 40° and under a

pressure of from 5 to 10 mm. The neutralization, extraction, and

drying of the esters were conducted according to the method

described b\' Emil Fischer.

^

Fraction.

I

II

III

IV

The undistilled residue weighed 180.0 gm.

The residue, which remained after extracting the esters with ether,

was made strongly acid with hydrochloric acid, freed from sodium

and potassium salts by repeated evaporations with alcoholic hydro-

chloric acid, and thorough extraction of the precipitated chlorides

with the latter. The alcoholic solution of the chlorides of the aniino-

acids was evaporated to a syrup, and esterification repeated as in the

first instance. After extracting the esters with ether and drying

them, the entire process was repeated, and the ethereal solution of the

esters resulting from this third treatment was united with that from

the second, thus following the method applied by .\bderhalden to

oxyha;moglobin. -

1 FiscHKR, Emil: Zeitscliiift fiir physiologische Chemie, 1901, xx.xiii, p. 151.

- .AliDERHALUKN : Ibid., 1903, xxwii. p. 4S4.
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UlSTILI.ATION B.

iM-acti.,,,.
''^7;°^'""' l're.sure. Weight.

I 83° 12.0 mm. 20.13 gm.

II 100° 12.0
" 36.81

"

Hi 120° 0.8
" 62.70

"

IV 200° 0.8 " 33.00 "

Total 15264 "

Fraction I. Distillation A.— This was saponified at once by

evaporation with concentrated hydrochloric acid on a water bath, the

residue taken up in alcohol, the solution saturated with dry hydro-

chloric acid gas, and a crystal of glycocoll ester hydrochloride added.

After prolonged standing on ice no separation occurred.

The solution was then evaporated on the water bath with concen-

trated hydrochloric acid, the latter removed with lead oxide and the

lead with hydrogen sulphide. The amino-acids were subjected to

fractional crystallization.

Fraction I. Distillation B was treated in substantially the same

way, but although several attempts were made to isolate the hydro-

chloride of glycocoll ester, none was found. By systematic fractiona-

tion there were obtained from fraction I of the two distillations, A
and B, 6.68 gm. alanine and 0.86 gm. leucine.

The leucine, when recrystallized from dilute alcohol, decomposed

at about 298°.

Carbon and hydrogen, 0.1778 gm. subst.. dried at no', gave 0.3577 gm. COo

and 0.1608 gm. H^O.

Calculated for C,;H,:,0,.N = C 54-89 ; H 10.01 per cent.

Found .... = C 54.87; H 10.04 " "

The alanine, when recrystallized by dissolving in a little hot water

and gradually adding alcohol, decomposed at about 290°.

Curbon and hydrogen, 0.2404 gm. subst., dried at 110°. gave 0.3571 gm. CO2

and o. 1712 gm. H.,0.

Nitrogen, 0.3980 gm. subst. gave NH.^ equal to 6.2 c.c. HCl (i c.c. HCI =
0.0 1 gm. N).

Calculated for C^H^OoN = C 40.40; H 7.93; N 15.75 per cent.

Found . . . . = C 40.51 ; H 7.91 ; N 15.58 " "
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Fraction II.— Temp, of bath to 100'. Pressure, 12 mm. Weight,

83.84 gm. — Distillations A and B. Each was saponified by boiling

for five and one-half hours with five parts of water.

The solution was evaporated to dryness under reduced pressure,

the dried residue boiled up with absolute alcohol, and 13.37 S"^- were

dissolved. Tliis solution was united with a similar one obtained

from fraction III. The substance, insoluble in alcohol, after syste-

matic fractional crystallization, gave

I. 22.1 gm. of leucine, which decomposed at about 298° and had the

following composition :

Carbon and hydrogen. 0.31 28 gm. subst., dried at 110°, gave 0.6310 gm. COo
and 0.2794 gm. H^O.

Calculated for C,.,H,30._,N = C 54-89 ; H 10.01 per cent.

Found . . . . = C 55.01 ; H 9.92 " "

II. A fraction of 3.45 gm. which by fractional crystallization

could not be further separated and gave results on analysis which

agreed best for a mixture of leucine and amino-valerianic acid.

Carbon and Hydrogen. 0.2S57 gm. subst., dried at 110°, gave 0.5519 gm. CO3
and 0.2577 gm. H^O.

Calculated for equal molecules of leucine and amino-valerianic acid

= C 53.05 ; H 9.74 per cent.

Found . . . . = C 52.68 ; H 10.02 " "

III. 2.1 gm. substance which had the properties and composition

of amino-valerianic acid.

Carbon and hydrogen, I. 0.2115 gm. subst., dried at iio^, gave 0.3957 gm.

COo and 0.1870 gm. H^O.

II. 0.4597 S"''- subst., dried at 110°, gave 0.S643 gm. CO.j and 0.3056

gm. H.,0.

Calculated for C.^HuO-^N = C 51.22 ; H 9.48 per cent.

Found . . I
I=C5..03;H9.82 " ••

I II =C 51.27; H 9.56 •' ••

Specific rotation. — Dissolved in 20 jjcr cent hydrochloric acid

(a)'-!J^' = -|- 25.79'. E. Fischer and Dorpinghaus^ found -h 25.9° for their

preparation from horn, and Schulze and Winterstein - found -1-28.2°

and + 27.9° for preparations from lupine seedlings.

' Fischer and D<")Rt'iNGHAUS : Zeitsclirift filr pliysiologische Chemie, 1902,
xxxvi, p. 462.

- ScHULZK anil Winterstein: Ibid., 1902, x,\xv, p. 300.
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The chlorine was removed from the solution used for determining

the specific rotation, and the substance racemized by heating with 20

c.c of water and 7 gm. of crystallized barium hydroxide for 19 hours

in an autoclave at 175°. The barium was quantitatively removed

with sulphuric acid, and the a-naphtyl-hydantoic acid prepared accord-

ing to the directions of Neuberg and Manasse.^ This crystallized in

long needles and melted constantly, on repeated recrystallization from

40 per cent alcohol at i8o°-i8i°.

Carbon and hydrogen, 0.3235 g™- subst., dried at 90°, gave 0.7936 g™. CO^

and 0.1909 gni. HoO.

Calculated for CoH^OoN, = C 67.07 ;
H 6.35 per cent.

Found =€66.90; H 6.56 ••

By racemizing the remaining mi.xture of undetermined amino-

acids we were unable to isolate any more amino-valerianic acid.

IV. 8.6 gm. alanine. — This was racemized by heating with an

excess of barium hydroxide and coupled with a-naphtylisocyanate

according to the directions of Neuberg and Manasse.^

The hydantoic acid, which crystallized in prisms, melted at 197°.^

Carbon and hydrogen, 0.3146 gm. subst., dried at 110°, gave 0.7480 gm. CO2

and 0.1560 gm. H2O.

Calculated for CjHuO.N,, = C 65 06 ; H 5.48 per cent.

.Found = C 64.84; H 5.51 " "

Fraction III. Temp, of bath up to 120°. Pressure, 0.8 mm.

Weight, 127.38 gm. This fraction was boiled for f^ve and one-half

hour's with eight parts of water. The solution, evaporated to dryness

under reduced pressure, gave 98 gm. of amino-acids or 80 per cent of

the esters. Of this 5994 gm. were soluble in alcohol. From the

part insoluble in alcohol, by systematic fractional crystallization there

were isolated 33.06 gm. of leucine and 4.57 gm. of alanine. The

leucine decomposed at about 298°.

Carbon and hydrogen, 0.2416 gm. subst., dried at 110°. gave 0.4872 gm. CO,

and 0.2166 gm. H^O.

Nitrogen, o 2690 gm. subst., gave NH, = 2.S5 c.c. HCl (i c.c. HCl = oor

gm. N).

Calculated for CeH.aO.N = C 54.89 ; H 10.01 ;
N 10.70 per cent.

Found .... = C 54-99 ;H 9.96; N 10.59 " "

J Neuberg and Manasse: Berichte der deutsclien cliemischen Gesellscli.nft,

1905, xxxviii, p. 2359.

2 Ibid. ' '^'''-
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The alcohol soliiblt; substance from fraction II was united with

that from fraction III. The solution was evaporated to dryness under

reduced pressure, the residue taken up in water and boiled gently for

about an hour with an excess of copper hydroxide. The filtered

solution was evaporated to dryness under reduced pressure and the

residue boiled with absolute alcohol. The undissolved part was dis-

solved in water, freed from copper by hydrogen sulphide, and the

solution again evaporated to dryness under reduced pressure. The
residue was boiled with absolute alcohol in which all of it dissolved.

The alcohol was evaporated off under reduced pressure, the residue

dissolved in 500 c.c. of water and again converted into the copper

salt. By concentration 19.91 gm. of crystalline racemic prolin copper

salt were obtained, which is equal to 13.98 gm. of a-prolin. This

was recrystallized from water and dried in the air.

Water, 0.7789 gm. subst., lost 0.0856 gm. H.,0 at 110°.

Calculated for CuiHiuOjN.j Cu • 2 H.O = H^O ii.oo per cent.

Found = H.jO 10.98 " "

Carbon and liydrogen. 0.6851 gm. subst.. dried at 110°, gave i.o3iogm. CO;
and 0.3450 gm. H2O.

Copper, 0.2926 gm. subst. gave 0.0799 g™- CuO.

Calculated for CioHinOjNoCu := C 41. 1 1 ; H 5.54 ; Cu 21.79 P^r cent.

Found = C 41.04 ; H 5.59; Cu 21.81 " "

The r-]3rolin copper salt was freed from copper with h_\drogen sul-

phide, its solution evaporated to dryness and the residue recrystal-

Hzed from alcohol. After drying in vacuo over sulphuric acid the

r-prolin melted at 203°-205\'

Carbon and hydrogen, 0.3373 g'l'- subst., gave 0.6424 gm. CO™ and 0.2453

gm. H.O.

Calculated for C.-,H,.,0.,N = C 52.12 ; H 7.90 per cent.

Found . . . . = C 51.94; H 8. 08 " "

The solution of the alcohol soluble copper salt was evaporated to

dryness and left a residue of 1-prolin cojjper salt which, dried at 120°,

weighed 71.62 gm. which is equal to 56.51 gm. of free l-n-prolin.

Copper. 0.2S50 gm. subst.. dried at 1 10°, gave 0.0760 gm. CuO.

Calculated for CioHioOiNjCu — Cu 21.79 P^"" cent.

Found = Cu 2 1 .30 " "

' Wii.LSTAETEH, R. : IJerichtc dcr (kuisclion clieniisclien Gesellscliaft, 1900.

.\xxiii, |). 1160: Fischer, Emil: Ibid., 1901, xx.xiv. \\. 45,S.
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One-half of this prolin copper salt was freed from copper, and the

prolin racemized by heating with 150 c.c. of water containing 80 gm.

of crystallized barium hydroxide for five hours at 150'. The barium

was removed quantitatively with sulphuric acid, the solution concen-

trated, and the prolin again converted into the copper salt. There

was thus obtained 20.1 gm. of very nearly pure racemic «-prolin

copper.

Water, 0.3356 gm. subst.. air dry, lost 0.0369 gm. H.,0 at 110°.

Copper, 0.2640 gm. subst.. gave 0.0640 gm. CuO.

Calculated forCu,Hi„O.N,Cu • 2 H,0 = H,0 11.00 ;
Cu .9.40 per cent.

Found = H.,0 11.00; Cu 19.35

The total crystalline racemic copper salt was equal to 41.96 gm. of

r-a-prolin.

From the other half of 1-prolin copper salt the free prolin was re-

generated and recrystallized from alcohol. A small part only was

obtained in a crystalline condition which melted at 20S°-2o6 .

Carbon and hydrogen, 0.2729 gm. subst., dried over H.,SO,. gave 0.519S gm.

CO., and 0.1977 gm- H.,0.

Nitrogen, 0.2453 gm. subst.. gave NH, = 2.95 c.c. HCl (i c.c. HCl = o.oi

gm. N),

Calculated for C.,H..,O..N = C 52.12 ; H 7.90 ;
N 12.20 per cent.

Found .... = C 51.95 ; HS.04; N 12.03 " "

From fraction III there were isolated 4.57 gm. alanine, 33.06 gm.

leucine, and 70.49 gm. a-prolin, including in this last that from frac-

tion II which was not weighed separately.

Fraction. Temp, of bath to Pressure. Weight.

IV, A 160° 0.8 mm. 39-96 gm.

B 200° 0.8 " 33-°o "

Total 72-96 "

This was treated with water and shaken out with ether according

to the procedure described by Emil Fischer.'

The ether was carefully removed by evaporation and the residual

phenylalanine ester saponified by dissolving in concentrated hy-

drochloric acid, and evaporating on a water bath. The phenylalanine

hydrochloride weighed 29.14 gm.. equivalent to 23.87 gm. of free

1 Fischer, E. : Zeitschrift fur physiologisclie Clicmie. 1902, xxxvi. p. 274.
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phenylalanine. The phenylalanine hydrochloride was recrystallized

from strong hydrochloric acid. It was decomposed by evaporating

with an excess of ammonia and the phenjlalanine recrystallized from

water. It melted, on slow heating, at 26l°-26y}

Carbon and hydrogen, 0.3051 gm. subst., dried at no", gave 0.7322 gm. CO^
and 0.1792 gm. H...0.

Nitrogen, 0.3020 gm. subst. gave NH3 = 2.53 c.c. HCl (i c.c. HCl = 0.0

1

gm. N).

Calculated for QHuOoN — C 65.40 ; H 6.73 ; N 8.50 per cent.

Found . . . . = C 65.44 ; H 6.53 ; N 8.38 " "

The aqueous layer was heated with an excess of barium hydro.xide

on a water bath for five hours. After standing sometime the barium

salt that had separated was filtered out and decomposed by an equiv-

alent amount of sulphuric acid. The solution on concentration

yielded 5.76 gm. of aspartic acid.

Carbon and hydrogen, 0.3866 gm. subst., dried at no°, gave 0.5109 gm. CO.,

and 0.1852 gm. H.jO.

Nitrogen, 0.3637 gm. subst. gave NHg = 3.78 c.c. HCl (i c.c. HCl = o.oi

gm. N).

Calculated forCiH^OjN = C 36.09 ; ft 5.26 ; X 10.53 per cent.

Found . . . . =C 36.04; H 5.32: N 10.39 " ''

The filtrate from the barium aspartate was freed from barium, con-

centrated to small volume and saturated with hydrochloric acid. On
prolonged standing a trace of phenylalanine hydrochloride separated,

but no glutaminic acid hydrochloride was obtained. After removing

the h}'drochloric acid with silver sulphate and the sulphuric acid with

barium hydroxide, the solution was boiled with an excess of copper

hydroxide, but no copper salt could be separated from it, even after

concentrating to a very small volume. The copper was then removed

and the solution treated with bone black and, when concentrated in

vacuo over sulphuric acid, gave crystals, which, on fractional crystal-

lization from water, gave 0.42 gm. of serine, which, in an open capil-

lary, browned at about 218° and decomposed to a brownish mass at

about 240.°

' FisciiKR, Emil. and Abderhalden: Zeitschrift fiir physiologisclie Chemie,

1902, .xxxvi, p. 268; Erlenmevek and Lipp ; Annalen der Chemie. 1SS3. ccxix.

p. 197.
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Carbon and hydrogen, 0.2577 gm- subst. dried at 110°, gave 0.3224 gm. CO-,

and 0.1602 gm. H.jO.

Calculated for CsH^O^N = C 34-24 ; H 6.73 per cent.

Found . . . . = C 34-12 ; H 6.91 •'

In the filtrate from the serine there was obtained about 5.32 gm. of

crystalline substance from which nothing definite could be isolated.

Distillation Residue.

The residues from distillations A and B were dissolved in boiling

alcohol and the solutions united. On cooling, 5.76 gm. of long hair-

like crystals separated.

The filtrate from this substance was freed from alcohol and saponi-

fied by heating with 200 gm. of crystallized barium hydro.xide; the

barium removed, the solution concentrated under reduced pressure

to small volume, saturated with hydrochloric acid, and, after standing

on ice for some time, yielded 74.2 1 gm. glutaminic acid hydrochloride,

equal to 59.46 gm.^

The glutaminic acid hydrochloride melted at about 198° with

effervescence.

Carbon and hydrogen, 0.4028 gm. subst., dried over H.,SO„ gave 0.4802 gm.

CO., and 0.2056 gm. HoO.

Calculated for C^HioOiNCl = C 32.67 : H 5.50 per cent.

Found = C 32.51 ; H 5.67 " "

Specific rotation. — Dissolved in 20 per cent hydrochloric acid.

^ 20°
(") -^ = + 31-47°.

Fischer and Dorpinghaus found +31.91" for a preparation from

horn, + 30.45° from gelatin, and +28.20° for one from casein.^

The residue which remained after removing the esters with ether

from the original solution of the products of hydrolysis was treated in

the way described by Emil Fischer,'^ for the isolation of o.xy-prolin.

The only substance, however, that could be isolated was serine, of

' AiiDKKHAi.DK.N and Wells :
ZeitschnftfurphysiologischeCbemie, 1905, xlvi,

P- 3'-
'^

Cf. Fischer, Emil. and D(>rpinghaus : Zeitscbrift fiir physiologische

Chemie, igoz, xxxvi, p. 475.

' Fischer, Emil: Bericlit der deutsclien chemischen Gesellschaft, 1902, xx.w,

p. 2660.
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which 0.87 gm. was obtained which browned at about 219° and

decomposed at about 240".

Carbon andhydrogm. 0.2987 gm. subst., dried at 1 10°, gave 0.3743 gni. COj

and 0.1844 g'li- H.2O.

Calculated for CHjOsN =^ C 34.24 ; H 6.73 per cent.

Found .... =C 34.18; H6.85 " «

In the filtrate from this serine /3-naphtalene-suiphone chloride

failed to give any definite product.

We thus isolated, in the two distillations, from fraction 1,6.68 gm.,

from fraction II, 8.59 gm., and from fraction III, 4.57 gm. of alanine,

or 19.84 gm. in all ; from fraction II, 2.1 gm. of amino-valerianic acid
;

from fraction I, 0.86 gm., from fraction II, 22.10 gm., from fraction

III, 33.06 gm. of leucine, — in all 56.02 gm. ; from fractions II and III,

70.49 gm. of prolin ; from fraction IV, 23.47 gm. of phenylalanine,

5.76 gm. of aspartic acid, and 0.42 gm. of serine, and from the residue

which remained after extracting the esters, 0.87 gm. of serine, or 1.29

gm. in all. From the main solution of the total products of hydroly-

sis we obtained 300 gm. of glutaminic acid, and from the residues

after distilling the esters 59.5 gm., or in all 359.5 gm.

As the amount of prolin which we found in this hydrolysis was so

great, we have undertaken to confirm our result by a second hydroly-

sis, and have also made another effort to obtain glvcocoll, which, if

present in very small amount, might have escaped detection.

For this purpose we hydrolyzed 500 gm. of gliadin, air dry, equal

to 439.6 gm. dried at 1 10°, in the same way as in the preceding hy-

drolysis. After esterifying and shaking out the esters three times, as

before, the ether was removed by distillation at 760 mm. and the

esters distilled.

,. .. Temp, of bath
iTact.on. ^'p,„

I 95°

II 80°

(A 1.0°

IV 180°

V 200°

Fraction I was immediately evaporated on the water bath with

hydrochloric acid, the residue dissolved in alcohol, and the solution

Pressure.
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saturated with dry hydrochloric acid gas. The solution was concen-

trated to a small volume at a low temperature under a pressure of

10 mm., the residue taken up in alcohol, its solution cooled to 0°, and

saturated with hydrochloric acid gas. On prolonged standing 0.22

<.m of glycocoll ester hydrochloride separated, which melted at 144^-

!45°. When mixed with pure glycocoll ester hydrochloride, the

melting-point was unchanged.

Chlorhie. 0.1058 gm. subst. gave 0.1063 gm. AgCl = CI 24.86 per cent.

Calculated for CiH,oO.,NCl = CI 25.40 per cent.

Neither fraction II nor the ether distilled from the esters gave evi-

dence of glycocoll.

This preparation of gliadin did, in fact, contain a very small

amount of glycocoll, which is possibly due to a slight contamination

with glutenin,in which we have since found a notable quantity of this

amino-acid.

Fraction II was saponified, and the solution evaporated, under

highly reduced pressure from a bath at 40°, and the residue extracted

with alcohol, in which about 18 gm. dissolved.

Fraction III, by similar treatment, yielded 24 gm. of alcohol soluble

substance. The alcoholic solutions were united and evaporated to

dryness from a bath at 40°. The crystalline residue, when dried to

constant weight in vacuo, weighed 39.59 g™- From this, by extrac-

tion with alcohol, 8.7 gm. of substance insoluble therein were

separated.

We expect to return to the further examination of this prolin, but

for the present we have accepted the weight of the substance soluble

in alcohol as a measure of its amount.'

Cystine.

Three hundred grams of gliadin were digested for two to three

hours at 85 with 900 c.c of hydrochloric acid, sp. gr. 1.19, and the

solution boiled for three hours. This was then concentrated to a

syrup under diminished pressure, diluted to 900 cc. with cold water

and neutralized with 50 per cent sodium hydroxide solution. After

. Fmil Fischer employs this method for estimating the proportion of prolin

in pro'teins, but states t1>at the result obtained is too high (Berichte der deutschen

chemischen Gesellschaft, 1906, xxxix. p. 530).
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boiling with a large amount of bone black and concentrating to 8CX)

c.c, much substance separated which was recrystallized from about

300 c.c. of water. The recrystallized product was dissolved in five per

cent sulphuric acid and precipitated by mercuric sulphate solution. ^

The mercury precipitate was decomposed by hydrogen sulphide,

the solution freed from hydrogen sulphide, neutralized with sodium

hydroxide and acidified with acetic acid. On standing, cystine sepa-

rated from the solution in hexagonal plates, and by adding alcohol to

the filtrate more was obtained. When no more cystine could be thus

obtained, the precipitation with mercuric sulphate was repeated. By
several repetitions of this process 1.18 gm. of cystine were finally

isolated, which, when recrystallized by dissolving in dilute ammonia
and acidifying with acetic acid, gave the following analysis :

Carbon and hydrogen., 0.3063 gm. subst., dried at 110°, gave 0.3379 gni.

CO2 and 0.1444 gm. H^O.

Calculated for C,,Hi.,04N2S2 = C 29.96 ; H 5.04 per cent.

Found =030.08; H 5.23 " "

Tyrosine.

Two hundred and nineteen grams of gliadin, equal to 200 gm.

dried at 1 10°, were treated with 600 c.c. of concentrated hydrochloric

acid, digested for some time on a water bath and the solution boiled

fi)r twelve hours on an oil bath. The solution was freed from most

of the glutaminic acid by saturating with hydrochloric acid, and the

filtrate from the glutaminic acid was diluted, boiled with bone black,

and then concentrated strongly to remove as much hydrochloric acid

as possible. The rest of the acid was neutralized with 50 per cent

sodium hydroxide solution. On standing, a considerable precipitate

separated, which was filtered out and dissolved in ammonia. The
resulting solution was boiled until most of the ammonia had been

removed and the tyrosine that separated was filtered out. When
dried, this weighed 2.4 gm., equal to 1.2 per cent of the gliadin.

Recrystallized from boiling water, this gave the following results on

analysis

:

Carbon and hydrogen, 0.3661 gm. subst., dried at 110°, gave 0.79S1 gm.

CO., and 0.2160 gm. H.,0.

Calculated for CoHnOgN = C 59.62 ; H 6.13 per cent.

Found . . . . = C 59.45 ;
H. 6.56 "

' Cf. Hopkins and Cole: Journal of physiology, 1901, .xxvii, p. 41S.
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Tyrosine separated from our hydrolysis solutions of gliadin with

very -reat difficulty. Two other attempts to determine Us proportion,

which were made by hydrolyzing with sulphuric acid, gave bwer

results and the solutions from which the tyrosine separated still con-

tinued 'to give a strong Millon's reaction. Kutscher' found 2.09 per

cent of tyrosine in gliadin, and Abderhalden and Samuely- found 2.37

per cent We consider our result to be too low, and expect to have

an opportunity to return to this determination at an early date.

Arginine and Histidine.

Fifty grams of gliadin, equal to 43-97 g™- dried at no, were

hydrolyzed according to the directions of Kossel and Kutsche.f and

the determination of the bases carried out according to the method of

Kossel and Patten.*
.

The solution of the histidine was made up to 500 c.c, and nitrogen

determined in lOO c.c. of it.

100 CO. of solution gave ammonia = 1-37 c.c. HCl (i c.c. HCl = o.oi

gm. N.) = 0.0137 gm. N. = 0.0685 gm. K. in 500 c.c. = 0.2524

gm. histidine = 0.58 per cent of the gliadin.

The identity of this histidine was not established, as the quantity

was too small to permit the preparation of a satisfactory product.

The arginine solution was made up to 500 c.c. and nitrogen

determined in 50 c.c. of it.

CO c c. of solution gave ammonia = 4.15 ex. HCl (1 c.c. HCl = o.oi gm. N.)

'^
0.0415 gm. N.or 0.415 g>"- i" S^o c.c. = 1.39 gn^- '-^^si"'"*^- °^ 3-'6

per cent of the gliadin.

The remaining solution was treated as Kossel and Kutscher direct,

and the arginine obtained as carbonate. A portion of this carbonate

was converted into the picrolonate according to the directions of

Steudel.''^ This melted at 226°-227°, while Steudel gives 225°.

> KUTSCHKR : Zeitschrift fur physiologische Chemie, 1903, x.x.xviii. p. m.

- Ani)EKH.\HJF.N- and Samuely : Ibid., 1905, xliv, p 276.

« Kossel and Kl-tscher: Zeitschrift fiir physiologische Chem>e, 1900, xx.x,,

P- '65-

« Kossel and P.mten : Ibid.. 1903, xxxviii, p. 39-

» Steudel: Zeitschrift fiir physiologische Chemie. 1902. xxxvii. p. 219.
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Nitrogen, 0.0832 gm. subst., dried at no", gave 18.8 c.c. moist N at 765

mm. and 25°.

Calculated for C6H,402N4 • CioH,OiN\ = N 25.62 per cent.

Fouml = N 25.40 " "

The filtrate from the silver precipitate of arginine and histidine was

freed from silver, precipitated with phosphotungstic acid and lysine

tested for with picric acid in the usual way, but none was found.

Kossel and Kutscher ' found, in the three fractions of the alcohol-

soluble protein of the wheat kernel which they examined, 1.2,0.43,

and 1.53 per cent of histidine. Our determinatiun falls between these.

Kutscher,- in discussing the individuality of these three fractions, con-

siders the difierences in the amount of histidine found in them to be

within the limits of accurac\- of these determinations.

Kossel and Kutscher^ found 3.05 per cent of arginine in the fraction

which they called gluten fibrin, 2.75 per cent in their gliadin,and 3.13

per cent in their mucedin. In determining the amount of protein

hydrolyzed they calculated the weight from the nitrogen in solution.

If, as we believe, only one alcohol-soluble protein e.xists in this seed,*

namely, gliadin, with 17.5 per cent of nitrogen, and that the nitrogen

of their solutions belonged to this protein, the proportion of arginine

found by them would be, respectively, 3.13, 2.79, and 3.25 per cent,

with which our determination of 3.16 per cent agrees very closely.

Hydrolysis of Glutenin.

Nine hundred and forty grams, equal to 839.32 gm. of glutenin, ash,

and water, free, were hydrolyzed by heating for several hours on a

water bath with a mixture of 950 c.c. concentrated HCl and 950 c.c.

water. After standing over night, the solution was boiled on an oil

bath for nine hours, and then saturated with hydrochloric acid gas.

By the same treatment as that applied to gliadin (page 234) 202.73

gm. glutaminic acid hydrochloride, equal to 162.40 gm. of the free

acid, were obtained. Recrystallized once from concentrated hydro-

chloric acid, this melted at 198°.

' Kossel and Kutschf.k : Zeitschrift fiir physiologisclie Chemie. 1900, x.\xi,

p. 165.

- Kutscher: Ibid., 1903, .vxxviii, p. iii.

' Kossel and Kutscher: Loc. cit.

* Cf. Osborne and Harris: This journal, 1905, xiii, p. 35.
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Chlorine, 0.5386 gm. subst., gave 0.42 11 gm. .AgCl.

Nitrogen, 0.59.1 gm- subst., gave NH, = 4-53 c-c HCl (i cc. HCl = o.oi

gm. N).

Calculated for CcHoO^NCl = CI i9-35
J
N 7-65 per cent.

Found . . . . = CI 19.33 ;
N 7.66 " "

The united filtrates and washings were concentrated to a syrup on

a water bath under reduced pressure, and the hydrochlorides of the

amino-acids esterified three times, as in the case of gliadin. The

hydrochlorides of the esters were neutralized and the free esters

shaken out with ether, as in gliadin. After drying the ether solution

of the esters with potassium carbonate, it was kept two days over

anhydrous sodium sulphate. The ether was then removed by distil-

lation from a water bath at atmospheric pressure, and the esters

distilled with the following results:
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The different fractions from the two distillations were worked up

as follows

:

Fraction.
Temp, of bath

Pressure. Weight,
up to °

f A 65° 12 mm. 61.00 gm.

( B 65° 12 " 28.74 "

This was saponified at once by evaporating to a syrup with

concentrated hydrochloric acid and the residue dissolved in alcohol

and esterified with dry hydrochloric acid gas. The glycocoU ester

hydrochloride which separated weighed 6.68 gm. Recrystallized from

alcohol, this melted at 144°.

Carbon ant{ Hydrogen, 0.3179 gm. subst., gave 0.3984 gm. CO^ and

0.2 15 1 gm. H.jO.

Calculated for C^HioOaNCl = C 34.39 ; H 7.23 per cent.

Found =€34.18; H 7.52 " "

The filtrate from the glycocoll ester hydrochloride was saponified

by evaporating on the water bath with hydrochloric acid, the latter

removed with silver sulphate, and the solution freed from sulphuric

acid with an equivalent quantity of barium hydroxide. By fractional

crystallization this solution yielded 11.83 S^i- of alanine which melted

at about 290'.

Carbon and hydrogen, 0.2701 gm. subst., dried at 110°, gave 0.4001

gm. CO., and 0.1946 gm. H.,0.

Nitrogen, 0.3460 gm. subst., dried at 110°, gave NH^ = 5.44 c.c. HCl

(i c.c. HCl = 0.0 1 gm. N).

Calculated for C3H7O.2N = C 40.40 ; H 7.93 ; X 15.75 per cent.

Fomul . . . . = C 40.40; H 8.01 ; N 15.73 " "

,- .. Temp, of liath ,, ,,, . , ^Traction. „ .„ Pressure. Weight,
up to ^

jj-( A 100° 12 mm. 43.74 gm.

1 B 88° 10 " 24.27

The united esters were saponified by boiling with ten parts of

water for five hours, when their solution reacted neutral to litmus.

This solution was evaporated to dryness under reduced pressure and

boiled up with absolute alcohol, ivhereby 0.5 gm. substance was

dissolved. By repeated fractional crj'stallization of the substance
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insoluble in alcohol, 3-5 g^- leucine were obtained. The isolated

leucine decomposed at about 298°.

Carbon and hydrogen, 0.240S gm. subst., dried at 110°, gave 0.4852 gm.

COo and 0.2169 gm. H.,0.

Calculated for CcH^O.N = C 54.89 ;
H 10.01 per cent.

Found . . . . = C 54.95 ;
H 10.01 " "

After adding to the filtrate from this leucine, the most soluble por-

tion of fraction III, and further fractioning, 25.76 gm. of alanine and

3 84 <-m of glycocoll were obtained. The latter was isolated as the

hydrochloride of the ester, which melted at 144^ The alanine was

racemized and the a-naphtyl-hydantoic acid prepared according to the

directions of Neuberg and Manasse.' When recrystallized from dilute

alcohol, this melted at 197°.

Carbon and Hydrogen, 0.2527 gm. subst.. dried at 90°, gave 0.5998 g™-

COo and 0.1280 gm. H^O.

Nitrogen, 0.3515 gm. subst., dried at 90°, gave NH, = 3-74 c.c. ot bH.1

(I c.c. HCl =: o.oi gm. N).

Calculated for C,,H,,0,N, = C 65.06 ;
H 5.48 ;

N 10.S7 per cent.

Found . . . .. =€64.74; H5.61; N 10.61 •' '•

Fraction.
'^'='"Pp°?'* P'"^"'^' ^''"'s'^'-

J^^ 110° 1.5 mm. 78-95 g™-

"^(B 0.8 " 42.41

These esters were saponified by boiling with six parts of water for

five hours, when their solution reacted neutral to litmus. After

evaporating to dryness under reduced pressure, the dried residue was

extracted with boiling absolute alcohol. The part insoluble in a co-

hol, by a systematic fractional crystallization, gave 32.42 gm. ot leu-

cine which decomposed at about 298°.

Carbon and hydrogen, 0.4255 gm. subst., dried at iioo, gave- 0.8535 g^-

CO., and 0.3926 gm. H.,0. _
Nitrogen, o.^^%^ gm. subst., gave NH. = ..60 c.c. HCl. (

i c.c. HCl _

0.01 gm. N).

Calculated for QH,30..N = C 54.89 ;
H 10.01 ;

N .0.70 per cent.

Found .... =C54.7t; H 10.25 ;
N 10.77 " '

t Neuuerg and Man-asse: liericlUe der dcutschen chemischen Gesellsch.ft.

1905, xxxviii, p. 2359.
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The filtrate from this leucine yielded 2 gm. of substance which

had the composition and properties of amino-valerianic acid.

Carbon and hydrogen^ 0.2216 gm. subst., gave 0.4144 gm. CUj and 0.1967

gm. H.,0.

Calculated for C-HuOoN = C 51.22 ; H 9.48 per cent.

Found . . . . =€51.00; H 9.86 " "

Specific rotation. — Dissolved in 20 per cent hydrochloric acid,

(a)r^°=42S.63^

A similar preparation from gliadin gave +25.79'. E. Fischer and

Dorpinghaus ' found +25.9'^ for a preparation from horn, and E.

Schulze and Wintcrstein - found +28.2° and 4-27.9" for a prepara-

tion from lupine seedlings.

The solution used for determining the specific rotation was freed

from hydrochloric acid with silver sulphate, and the amino-acids race-

mized by heating with an excess of barium hydroxide in an autoclave

at 175° for nineteen hours. After removing the barium quantitatively

with sulphuric acid, the substance was coupled with a-naphtyliso-

cyanate. The hydantoic acid melted constantly on repeated recrystal-

lization from dilute alcohol at i83''-i84°. Heated side by side with

the corresponding substance obtained from gliadin, the hydantoic

acid from glutenin melted 2^ higher.

Carbon and hydrogen. 0.3277 gm. subst., dried at 80°, gave 0.8067 gm. CO.,

and 0.1 89 1 gm. HjO.

Calculated for doHigOsNo = C 67.07 ;
H 6.35 per cent.

Found . . . . =C 67.14; H 6.42 " "

From the filtrate from the amino-valerianic acid there was further

obtained 1.41 gm. of alanine. The alcoholic solution which contained

the prolin was evaporated to dryness under reduced jiressure and the

dried residue again treated with boiling absolute alcohol. Even after

several repetitions of this process no substance insoluble in alco-

hol could be obtained. The alcohol soluble substance, when dried,

weighed 35.54 gm. A copper salt was prepared from this in the usual

' Fischer, E., and D(")RP1nt.haus : Zeitsclirift fur physiologische Cliemie,

1902, xxxvi, p. 462.

^ Schulze, K , and Wintkrsteix : Ibid.. 1002, xxxv, p. 300.
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manner, and its solution evaporated to dryness under reduced pressure.

The dried residue was extracted with boiling absolute alcohol in order

to remove the 1-prolin copper. The residue insoluble in alcohol,

when recrystallized from water, gave 15.53 gm.of racemic prohn cop-

per, equivalent to 10.9 gm. of prolin.

Water. 0.3618 gm. subst., lost at 110° 0.0399 gm. of H.O.

Copper, 0.3176 gm. subst., dried at 110°, gave 0.0856 gm. CuO.

Calculated for C,„H,,0,N,Cu • 2 H,0 = H,0 11.00 per cent.

Fomul =H,0 11.03 " "

Calculated for Ck,H,o04N.,Cu = Cu 21.79 per cent.

Found =Cu 21.54 " "

The alcoholic solution of the 1-prolin copper salt was evaporated to

dryness, the copper removed, and the prolin identified as the phenyl-

hydantoin which was prepared according to the directions of Fisch^er.

The substance thus prepared was at once pure and melted at 143 •

Carbon and hydrogen, 0.2822 gm. subst., dried in vacuum over H,SO,. gave

0.6866 gm. CO2, and 0.1494 gm- H.,0.

Nitrogen, 0.1025 gm. subst., gave NH, = 1.33 cc HCl (i c.c. HCl - o.ox

gm. N).

Calculated for C„H,.O.N, = C 66.60 ; H 5.61 ; N 12.99 per cent.

Found =C 66.36; Hs.88; N 12.98 " "

Fraction. Temp, of bath up to Pressure. Weight.

IV, A 155° ''S™"^- 43.32 g™-

This fraction was shaken out with ether in the usual way and the

ether allowed to evaporate spontaneously. No evidence of the pres-

ence of phenylalanine was obtained. The residue of ester was sa-

ponified with concentrated hydrochloric acid and the hydrochloride

decomposed with ammonia. The free acid crystallized in the charac-

teristic form of leucine and decomposed at 298°. There were obtained

13.99 gm. of leucine.

Carbon and hydrogen, 0.2906 gm. subst., dried at 1.0°. gave 0.5825 gm. CO.

and 0.2690 gm. H.jO.

Calculated for C,.,H„0.,N = C 54.89 J
H 10.01 per cent.

Found .... =C 54.67; H .0.2S '• "

The aqueous layer was saponified by heating on a water bath with

an excess of barium hydroxide for five hours. The barium aspartate,

1 Fischer, E.: Zeitschrift fur physiologische Chemie, 1901. x.xxiii, p. 151-
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which separated in considerable quantity on standing, was united with

that obtained from fraction V and treated as will be described later.

From the filtrate from the barium aspartate no definite substance

could be obtained. It appeared to contain serine, but none could be

isolated, even by the use of /3 naphtalene-sulphone-chloride.

Fraction. Temp, of Ixith up to Pressure. Weight.

V, A 200' 0.8 mm. 32.56 gm.

IV, B 180° 0.8 " 23.92 "

These esters were shaken out with ether, and the substance ex-

tracted was saponified with hydrochloric acid. The hydrochloride

thus obtained, which weighed 20.21 gm., equal to 16.55 gm. free

phenylalanine, was converted into the free acid with ammonia and

then into the copper salt by boiling its solution with copper hydroxide.'

Copper^ 0.2099 gm. subst., dried at 110°, gave 0.0425 gm. CuO.

Nitrogen, 0.2283 gm. subst., gave NH3 = 1.63 c.c. HCl (i c.c. HCl = o.oi

gm. N).

Calculated for CnH.joOjN.jCu = Cu 16.23 ; N 7.17 per cent.

Found = Cu 16.18; N 7.14 •• •'

The free phenylalanine, isolated from this copper salt, melted at

263°-26s°.

Nitrogen, 0.1085 g"'- subst., gave NH:.. = 0.92 c.c. HCl ( i c.c. HCl = o.oi

gm. N).

Calculated for CoHnOoN = N 8.50 per cent.

Found . . . . = N 8.48 " "

The aqueous layer was saponified by heating for five hours with an

excess of barium hydroxide on the water bath. The barium aspartate,

which separated on standing, was united with that previously obtained

from fraction IV A, decomposed with an equivalent amount of sul-

phuric acid, and 7.12 gm. of free aspartic acid was obtained from the

solution.

Carbon and hydrogen, 0.3293 gm. subst., dried at no', gave 0.4335 S'"- *-*-^2

and 0.1625 gm. HoO.

Nitrogen, 0.2997 gm. subst., gave NH3 = 3.17 c.c. HCl (i c.c. HCl = o.oi

gm. N).

Calculated for CjHjOiN — C 36.05 ; H 5.31 : N 10.55 per cent.

Found .... = C 35.90 ; H 5.48; N 10.58 " "

' ' Cy. ScHULZF. and Winterstein : Zeitschrift fur physiologische Cliemie,

1902, x.\xv, p. 210.
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The filtrate from barium aspartate was freed from barium, concen-

trated under reduced pressure, and saturated with hydrochloric acid.

On long standing on ice a trace of phenylalanine hydrochloride sepa-

r'dted, but no glutaminic acid hydrochloride could be obtained. After

removing the hydrochloride acid with silver sulphate, the solution was

boiled wTth a solution of copper hydroxide and i.t gm. of copper as-

partate was isolated.

Copper, 0.3991 gm. subst., air dried, gave 0.1163 gm. CuO.

Nitrogau 0.2066 gm. subst. gave NH, = 1.06 c.c. HCl (i c.c. HCl = o.oi

gm. N).

Calculated for C^HaO.NCu ^\ HO' = Cu 23.06 ;
N 5.09 per cent.

Found =Cu 23.27; N 5.13

The filtrate from this copper aspartate, when freed from copper by

hydrogen sulphide and concentrated to small volume, yielded, by frac-

tionafcrystallization, 4.35 gm. of nearly pure serine.

Carbon and hydrogen, 0.2S47 gm- subst., gave 0.3559 gm. CO., and 0.1751

gm. H2O.

Calculated for C.H.OsN = C 34-29 = H 6.67 per cent.

Found . . . . = C 34-09; H 6.83

This substance browned at about 213° and decomposed to a brown-

ish mass at about 243°.

Residue from Distillation.

The residues which remained after distilling off the esters weighed

304 5 -m. These were dissolved in hot alcohol, and from their united

solutio^ns 3.16 gm. of substance separated on cooling. The filtrate

from this substance was evaporated under reduced pressure, the resi-

due dissolved in water and saponified by heating with an excess of

barium hydroxide for nine hours. After removing the banum quan-

titatively the solution was concentrated and saturated with hydro-

chloric acid. On standing for some time on ice, 38-25 gm. ot

glutaminic acid hydrochloride, which melted at .98^ were obtained

This was equivalent to 30.64 gm. of free glutaminic acid, and. with

that previously isolated, makes a total of .93-04 gm- or 23.0 per cen

of the -lutenin. The glutaminic acid hydrochloride was decomposed

with a^ii equivalent quantity of potassium hydroxide, and the free

' KiTTH.^csES-. Die Eiweisskoerper. etc., Bonn, 1S72, p. 219.
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glutaminic acid was recrystallized from water. It melted at 202°-203°

with effervescence.

Carbon and hydrogen, 0.3504 gm. subst., dried at 110°, gave 0.5275 gm. CO2
and 0.2003 g"i- HoO.

Calculated for CsH(,0<N = C 40.82 ; H 6.12 per cent.

Found '.
. . . =C 41.06; H 6.35 " "

Residue after Estkkificatkix.

The residue which remained after the third esterification and ex-

traction of the esters was treated in the same way as the correspond-

ing residue from gliadin (page 242), and the solution, freed from all

mineral salts and bases precipitable by phosphotungstic acid, was con-

centrated under reduced pressure to a small volume and then left for

some time over sulphuric acid. After removing a little tyrosine that

first separated, 1.87 gm. of serine crystallized out, which, when re-

crystallized from water, browned at about 210° and decomposed at

240°.

Carbon and hydrogen, 0.2308 gm. subst., dried at 110°, gave 0.2894 gm COj
and 0.1407 gm. H^O.

Calculated for C^HiOaN = C 34.29 ; H 6.67 per cent.

Found = C 34.19 ; H 6.77 " "

This, with the serine obtained from fraction V, gives a total of

6.22 gm. of serine isolated. The mother liquor from the serine con-

tained considerable substance, but no o.xyprolin or other definite sub-

stance could be obtained from it.

Cystine.

Three hundred grams of glutenin were hydrolyzed in the wav de-

scribed for gliadin (page 244). After evaporating at low pressure to a

syrup, neutralizing the remaining excess of acid with sodium hydroxide

and decolorizing the solution with bone black, a considerable quantity

of tyrosine separated out. which, on examination, was found to con-

tain nearly all the cystine that could be detected in the solution. It

was therefore dissolved in five per cent sulphuric acid and the cystine

precipitated with mercuric sulphate. The mercury precipitate was
decomposed with hydrogen sulphide, the solution concentrated some-
what, made alkaline with ammonia and then acid with acetic acid, and
an equal volume of alcohol added. The cystine, which separated on
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standing in characteristic hexagonal plates, weighed only 0.17 gm.

No more could be obtained. This was dissolved in ammonia and

reprecipitated by acetic acid.

Sulphur, 0.0897 gm. subst., dried at 110°, gave 0.1730 gm- BaSOi

CalciiUUed for C„H,„OiN»S., = S 26.68 per cent.

Found . . . . = S 26.53 " "

Althouo-h glutenin contains about the same amount of sulphur as

<Tliadin the amount of cystine obtained from the latter under smiilar

conditions was very much greater. It would seem as if glutenin in

fact yields less cystine, though the uncertainties attending the isola-

tion of this substance will not permit of a positive conclusion.

Tyrosine.

Two hundred and fifty grams of glutenin were boiled with a mixture

of 750 gm. sulphuric acid and 1500 gm. of water for twelve hours.

The solution was freed from barium by an equivalent amount of sul-

phuric acid, and after concentrating to 800 c.c, allowed to stand for

some time. A considerable quantity of tyrosine separated, which was

filtered out the filtrate boiled with barium carbonate in order to expel

ammonia, and then concentrated to one-half its original volume.

After cooling, the residue of barium carbonate and other substances

which had separated were extracted with hot dilute ammonia and the

filtered extract concentrated and cooled. On standing, a little more

tyrosine separated, which was added to that first obtained. No more

tyrosine could be isolated from the solution of the hydrolytic decom-

position products. All of the tyrosine which had separated was dis-

solved in five per cent sulphuric acid, and phosphotungstic acid was

added to the solution. Only a small precipitate resulted. After re-

moving the phosphotungstic acid with barium hydroxide, the solution

was concentrated strongly and allowed to cool. After standing for

some time 9.62 gm. of tyrosine were obtained, which is equal to 4-25

per cent of the glutenin.

Carbon and hydrogen, 0.2922 gm. subst., dried at 110°, gave 0.6370 gm. CO.,

and 0.1634 gm. W.f).

Calculated for C^HnO^N = C 59.62 ;
H 6.13 per cent.

Found .... =C 59.45; " 6.21 " •'

Kutscheri found 2.75 per cent of tyrosine in " gluten-casein."

1 KutSCHEH: Zeitschrift fiir physiologi.sche Chei.iic, 1903, xxxvi, p. 114.
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Arginine, Histidine, and Lysine.

Fifty grams of glutenin, equal to 43.39 gm., dried at no', were

hydrolyzed, and the arginine and histidine separated in the same way
as that described for gliadin (page 246).

The solution containing the histidine was made up to 500 c.c.

Nitrogen, 100 c.c. solution gave NH3 = 4.15 c.c. HCl (i c.c. HCl = o.oi

gm. N) = 0.0415 gm. N = 0.2075 »"'• '" 5°° ^'^- — 0-7645 g™-

histidine = 1.76 per cent.

The amount of histidine in the remaining solution was too small for

identification.

The filtrate from the histidine precipitate yielded 500 c.c. of solu-

tion containing the arginine, in which was found the following amount
of nitrogen

:

Nitrogen, 50 c.c. solution gave NH3 = 6.79 c.c HCl (i c.c. HCl = o.oi

gm. N) =0.0679 g™- N, or 0.679 g™- '^ 5°° ^•^•' ^^ 2.107 S™-
arginine = 4.72 per cent.

The remaining solution, treated as Kossel directs, yielded the argi-

nine as carbonate. This was converted into the copper salt which

gave the following results on analysis :

Carbon and hydrogen, 0.21 iS gm. subst., air dried, lost 0.0210 gm. H2O
at 1 00°.

Calculated for Ci„Ho3Ni„Oio Cu 3 H.,0 = H.O 9.15 per cent.

Found = H.,0 9.92 " "

Copper, I, 0.1858 gm. subst., dried at 100°, gave 0.0275 g™- CuO.

n, 0.1808 gm., subst., dried at 100°, gave 0.0267 g"i- CuO.
Calculated for Ci^HjsNioOioCu = Cu 11.85 P^r cent.

Found .... Cu = 1,11.84; H, 1 1. 78 per cent.

Kossel and Kutscher Mound in three separate determinations of

arginine in glutenin, 4.50, 4.02. and 4.54 per cent. They base their

determinations on the supposition that glutenin contai.is 16.2 per

cent nitrogen. If their results are recalculated to a basis of 17.5 per

cent of nitrogen in this protein, which one of us has found,- they

become 4.82, 4.52, and 4.84 percent, \yith which our result, 4.72 per

cent, agrees very closely.

' KossF.L and Kutscher : Zeitschrift fiir physiologische Chemie, 1900, .\xxi,

p. 165.

'Osborne and Voorhees: American chemical journal, 1893, xv. 392.



20S Thomas B. Osborne and S. H. Clapp.

Lysine.

The filtrate from the arginine silver was treated as Kossel directs,

and after precipitating the lysine with phosphotungst.c acid it was

converted into the picrate, and 2.33 gm- equivalent to 0.907 gm-ot

free lysine, were obtained. This is equal to 1.92 per cent of the glu-

tenin Kossel and Kutscher^ found in the three deternnnat.ons of

this substance which they made in this protein 1.9, 2.29, and 2 per

cent, or. recalculating to a basis of 17.5 per cent of nitrogen in this

protein, 2.05, 2.15, and 2.40 per cent.

Nitrogen,o.^^.^l gm. subst., dried at i20°,gave 23.1 c.c. moist N at 760 mm.

and 29°.

Calculated for C.H,,0,N.. • C0H3O.N. = X 18.70 per cent.

Found = ^" ^8-76 " "

Hydrolysis of Leucosix.

Owin- to the difficulty of preparing large quantities of this protein,

which occurs in very small quantity in the wheat kernel, we were

limited in this hydrolysis to 257.8 gm. of water and ash-free leucosin.

This was hydrolyzed and the glutaminic acid separated as hydro-

chloride in the way described for gliadin. When dried m vacuo oyer

sulphuric acid. 12.39 g™. of the hydrochloride were obtained, which

melted at 198° with effervescence.

iWitrogm, 0.5482 gm. subst., gave NH^ = 4.1 7 cc. HCl (i c.c. HCl = o.oi

gm. N.)

Chlorine, o 2528 gm. subst., gave 0.1989 gm- -^gCl-

Calculated for C,H,„O.XCl«= N 7.64 ;
CI 19.35 P^r cent.

Found =X 7-6I-. CI 19-45 "

The filtrate from the glutaminic acid hydrochloride was concen-

trated to a syrup under reduced pressure, the residue taken up m

alcohol and saturated with dry hydrochloric acid gas. The solution

was then evaporated to a thick syrup under reduced pressure the

residue again esterified with alcohol and hydrochloric acid, and the

solution concentrated as before. The esterification was again

repeated, the final concentration being made at a pressure of 10 mm.

» Kossel and Kutscher: Loc.cit.
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from a bath the temperature of which did not rise above 40°. The

free esters of the amino-acids were then liberated from the residue,

extracted with ether, and dried with potassium carbonate and anhy-

drous sodium sulphate in the usual way. The aqueous layer was then

made strongly acid with hydrochloric acid and the salts removed by

concentration and treatment with alcoholic hydrochloric acid. The

alcoholic extracts containing the hydrochlorides of the amino-acids

were evaporated to a thick syrup under reduced pressure and the res-

idue esterified as above described. The free esters were then liber-

ated and their ether solution dried as before. After distilling off the

ether on the water bath, at atmospheric pressure, the residue was

distilled with the following results:

Fraction.
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M.X.^?» ^- '»'" ^"« ^»- = '•" '•'• "° " " "" '
"•°"

S™' ^'
, ,^ „ « T r.^ • N m.T; per cent.

Calculated for C3H,0.:N = C 40.40 ,,

H 7-93 > ^^ = 75 P^
^^

Found. . . . =C 40.44; H7.99; N 15.63

The alanine decomposed at 290°.

Paction.
Te.p.o.bathupto. Pressure. Weigh.

80° 1° ™™- ^ ^

After saponifying with boiling water the solution of the amino-

of leucine, 5-79 g™- alanine, and 0.47 g

percentage composition of amino-valenantc ac.d.

chct aive o ',Qi^, ^m. CO: and 0.1793

C<zri^« and hydrogen, 0.2094 gm. subst., gave 0.^9 1^ g

Cruia"effor C.HuO.N = C 5-- ;
H 9.48 per cent.

Found .... =C 50.96; H9.SI

From the more soluble part of this fraction fy-oU was isolated

as the hydrochloride of the ester. Th.s we.ghed^^.jS gm., equivalent

to 1.50 gm. of glycocoU, and melted at I44°-I45 •

F.ac.ion. Te.np. of ba.h up to Pressure. Weight.

,250 0.8 mm. 49-6 gm.

This was saponified by boiling with ten parts of

-f'^^\'l^

part was fractionally crystallized. There were obtained 23.72 gm.

of leucine and 2.62 gm. of alanine.

The isolated leucine decomposed at 298 .

carbon and hydrogen, 0.^835 g™. subst., dried at iro», gave 0.3670 gm. CO..

.
and 0.1670 gm. H.A

_ , ,^ c c HCl (i c.c. HCl = o.oi

Nitrogen, 0.3086 gm. subst., gave NH, = 3-34 cc. HLi ^i

CaSird for QH.O.N = C 54.89 ; » ro.o. ;
N xo.70 per cent.

Found .... =C 54.63; Hio.ii; N 10.82
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The combined alcoholic solutions from fractions II and III, which

contained the prolin, were evaporated to dryness under reduced pres-

sure, and the residue extracted with boiling alcohol, in which 2.3 gm.

did not dissolve. The solution filtered from this was again evaporated

to dryness under reduced pressure, the residue dissolved in water, and

the copper salts prepared by boiling for an hour with an excess of

copper hydroxide. The deep blue solution was evaporated to dryness

under reduced pressure, and the residue boiled with absolute alcohol,

which dissolved the 1-prolin copper salt. The residue of racemic

copper salt, insoluble in alcohol, was dissolved in water and the solu-

tion concentrated. Of racemic prolin copper 2.41 gm. were obtained,

equivalent to 1.69 gm. of n-prolin.

Water, 0.3190 gm. subst., air dried, lost 0.0353 gm. H.,0 at 110°.

Copper, 0.2827 gm. subst., dried at 110°, gave 0.0766 gm. CuO.

Calculated for C,oH,c04N.,Ca 2 H.,0 = H^O 11.00 per cent.

Found = HjO 11.07 " "

Calculated for CioHj^O^N^Cu = Cu 21.79 Per cem.

Found =Cu 21.65 " "

The alcoholic solution of the copper salt of the 1-prolin was evap-

orated to dryness under reduced pressure. The dried residue weighed

8.24 gm., equivalent to 6.5 gm. of 1-prolin.

For identification a small portion was freed from copper with

hydrogen sulphide, and the free prolin converted into the phenyl-

hydantoin, according to the directions of Emil Fischer.^

The hydantoin melted sharply at 143° and gave the following

analysis

:

Carbon and hydrogen, 0.2334 gm. subst., gave 0.5676 gm. CO.. and 0.1204

gm. H2O.

Nitrogen, 0.1373 gm. subst., gave N'H^ — 1.78 c.c. HCl (i c.c. HCl = o.oi

gm. N).

Calculated for C,2H,„OoNo = C 66.60 ; H 5.61 ; N 12.99 per cent.

Found .... = C 66.32 ; H 5.73 : N 12.96 " "

Fraction. Temp, of bath up to Pressure. Weight.

IV. 200° o.S mm. 49.39 gm.

From this the ester of phenylalanine was removed in the usual man-

ner by shaking out with ether, and after freeing from ether the resid-

1 Fischer, E. ; Zeitschrift fiir physiologische Chemie, 1901, .\xxiii, p. 251.
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ual ester was saponified by- dissolving in concentrated hydrochloric

acid and evaporating on the water bath. Of phenylalan.ne hydro-

chloride I-' I- gm. were obtained, which is equivalent to 9-93 gm. ot

phenylalanine. For identification the hydrochloride was recrystal-

Hzed from strong hydrochloric acid and converted mto the free ac d

by evaporation with excess of ammonia. When once recrystalhzed

from water, it melted at 263^-265°.

Carl,n and hydrogen, 0.2963 gm. subst., dried at 110°, gave 0.7089 gm.

COo and 0.1801 gm. H.O.

Nitrogen, 0.1924 g™. subst., gave NH3 = 1.65 cc. HCl (i c.c. HCl = o.oi

gm N).

Calculated for C.H.AN = C 65.39 ; H 6.73 5
N 8.50 per cent.

Found. . . . = C 65.27 ;
H 6.76 ;N 8.57

The aqueous layer was saponified by warming with an excess of

barium hydroxide on the water bath for seven hours. After standmg

for sometime the crystals of racemic barium aspartate-were filtered

out and decomposed with an equivalent quantity of sulphunc acid.

The filtrate from the barium sulphate gave, on concentration, 5.06 gm.

of aspartic acid, which, when recrystalhzed from water, was analyzed.

Carbon and hydrogen,o.2,%, gm. subst., dried at .loo, gave 0.3278 gm. CO.

and 0.1 2 15 gm. H,0.
. Hn-ooi

Nitrogen, 0.2769 gm. subst., gave NH. = 2.93 cc HCl (i c.c. HCl - o.oi

2111 . N V
CaLlated for C,H,O.N = C 36.06 ;

H 5.31 i
N 10.55 per cem.

Found . . . . = C 36.00 ;
H 5.44 ;

N 10.59

The filtrate from barium aspartate was freed from barium quanti-

tatively with sulphuric acid and the filtrate from the b^-m sulphat

concentrated to ^mall volume and saturated with '^yd-chbnc ^

gas. -After long standing on ice, 2.15 gni- of glutamm.c acid hydro-

chloride separated. .

The filtrate from this was evaporated under reduced pressure,

the residue taken up in water, and the chlorine removed with silver

'"
Aherremoving the sulphuric acid with an equivalent quantity of

barium hydroxide, the solution was boiled with an excess of copper

hydroxide The filtered solution, on standing, separated tyrosine-hke

nledles of copper laevo-aspartate which weighed 7.41 g-- equivalent

to 3.57 gm. of aspartic acid.
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Nitrogen, o.ii^T) g™- subst., air dried, gave NH;, = 0.93 c.c. HCl (i c.c.

HCl = 0.0 1 gm. X).

Copper, 0.1677 g'"- subst., air dried, gave 0.0491 gm. CuO.

Calculated for C4H;04N Cu • 4?, H O = N 5.09 ; Cu 23.06 per cent.

Found = N 5.02 ; Cw 23.37 " "

From the copper salt the free acid was regenerated and analyzed.

Carbon and /tytirogai, 0.2041 gm. subst., gave 0.2715 gm. CO.j and 0.1054

gm. H„0.

Calculated for C,H-04N = C 36.06 ; H 5.31 per cent.

Found . . . = C 36.29 ; H 5.74 " "

Specific rotation. — Dissolved in 20 per cent hydrochloric acid,

[a] ^ = +23.8^

Fischer and Dorpinghaus ^ found

^0°
[a] ^ = +22.0°.

An effort to isolate serine in the filtrate from the copper aspartate

failed.

Thk Residue after Distillation.

The residue remaining after distillation of the esters weighed 57

gm. This was dissolved in boiling alcohol, and after cooling 1.98

gm. of needle crystals were filtered out. The filtrate was evaporated

to a syrup under reduced pressure, saponified by heating with an

excess of barium hydroxide, and, after remo\ing the barium, evap-

orated to small volume under reduced pressure. The solution was

then saturated with hydrochloric acid, and, after standing on ice for a

long time, yielded 7.39 gm. of glutaminic acid, hydrochloride. The

free acid prepared by evaporating with an exactly equivalent quantity

of potassium hydroxide, when recrystallized from water, melted at

202°-203° with efTervescence.

Carbon and hydrogen, 0.3646 gm. subst., dried at no", gave 0.5432 gm.

CO.. and 0.2019 gm. H.jO.

Nitrogen, 0.3696 gm. snbst., gave NH3 = 3.55 c.c. HCl (i c.c. HCl = o.oi

gm. N).

Calculated for C,-,HaO,N = C 40.CS2 ; H 6.12 ; X 9.52 per cent.

Found . . . . = C 40.63 ; H 6.15 ; X 9.60 " "

' FisCHKK and DOrpixghai's : Zeitscbrift fiir physiologisclie Chemie, 1902,

xx.wi, p. 462.
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The total glutaminic acid obtained from leucosin was 17.5 gm., or

6.11 per cent. This result is higher than that recently recorded

from this laboratory, namely, 5.72.'

This protein is one from which the glutaminic acid hydrochloride

can be directly obtained only with great difficulty. In the former

paper attention was directed to this fact, and the statement made that

it is possible that the result given was too low.

Tyrosine.

Forty grams of leucosin, equal to 34-96 gm- dried at 110°, were

boiled for twelve hours with a mixture of 120 gm. of sulphuric acid

and 240 gm. of water. After removing the sulphuric acid with an

equivalen't quantity of barium hydroxide, the solution was evap-

orated with an excess of barium carbonate in order to remove ammonia.

After removing the barium the solution was concentrated to a small

volume on the water bath and allowed to stand for some time. The

substance which separated was washed with cold water, dissolved in

ammonia, the solution treated with bone black, and evaporated. On

cooling 1.0360 gm. tyrosine separated in colorless needles. The fil-

trate fmm this, on further concentration, yielded 0.13 gm. more tyro-

sine, making a total of 1.1660 gm., or 3.33 per cent. This was

recrystallized and analyzed.

Carbon and hydrogen, 0.45 73 g™- subst., dried at 110°, gave 0.9994 gm- CO2

and 0.2813 gm. H.,0.

Calculated for C.HnOaN ^ C 59.62 ;*H 6.13 per cent.

Found . . . . =C 59.60; H 6.1 1 " "

ArGININE, HiSTIDlNE, AND LVSINE.

The filtrate from the tyrosine, by the method applied to gliadin

(page 246). yielded a solution in which the nitrogen found corre-

sponded to 0.99 gm. of histidine, or 2.83 per cent.

The identity of the histidine could not be established owing to its

very small amount.

The solution of the arginine contained nitrogen equal to 0.6720 gm.,

which is equal to 2.08 gm. of arginine, or 5.94 per cent. A part

was converted into the copper salt by boiling with an excess of cop-

per hydroxide and the copper salt recrystallized from water.

1 Osborne and Gilbkrt : This journal, 1906, xv, p. 333.
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Water, 0.1984 gm. subst., air dried, lost 0.0191 gm. H.,0 at 110°.

Copper, 0.1766 gm. subst., dried at 110°, gave 0.0262 gm. CuO.

Calculated for C,.iH,„04N,Cu (N03)o • 3 H^O - H^O 9.15 per cent.

Found — H„0 9.62 " "

Calculated for Ct.H.sOiN'sCu (NO.,). — Cu 11.85 P^r cent.

Found = Cu 11.83 " "

The filtrate from the copper salt was freed from copper and the

solution evaporated with an excess of sulphuric acid under reduced

pressure. The sulphuric acid was removed with an excess of barium

hydroxide, and the barium with carbonic acid. The filtrate from the

barium carbonate was evaporated to dryness and the arginine con-

verted into the picrolonate, according to the directions of Steudel.

This melted at 226°-227°. Steudel gives 225.°

Nitrogen, 0.0516 gm. subst., dried at 110°, gave 11.8 c.c. moist No at 25°

and 765 mm.
Calculated for CcHhO^Nj • CioHjOsN^ = N 25.62 per cent.

Found = N 25.71 •' "

The filtrate from the first silver precipitate which contained the

arginine and histidine was freed from silver and barium, and the

lysine precipitated with phosphotungstic acid and then converted into

the picrate, of which 2.47 gm. equal to 0.9616 gm. of lysine, or 2.75

per cent, was obtained. This was recrystallized from water and

analyzed.

Nitrogen, 0.228S gm. subst., gave 38.6 c.c. moist N at 25.5° and 759 mm.
Calculated for CcHhOsN, • CcH;,0,N3 = N 18.70 per cent.

Found = N 1S.77 " "



THE NATURE OF CHEMICAL AND ELECTRICAL
STIMULATION.

By WILLIAM SUTHERLAND.

UNDER this heading A. P. Mathews has given a suggestive

interpretation of his numerous experiments on the nerve-

stimulating action of electrolytic solutions.^ He shows that a fair

measure of the stimulating power of an ion is obtained on dividing

the square of its ionic velocity by the product of its solution tension

and the square root of its atomic mass, namely, -^j^^
He admits

the difficulty of giving a theoretical justification of this measure,

pointing out that when E = o, it becomes infinite. When E be-

comes negative, he transfers it from the denominator to the numer-

ator. In'' these circumstances it seems hopeless to seek for a

theoretical deduction of -^ as the proper measure of the stimu-

lating power of an ion. Profiting by the pioneering of Mathews, I

have been led to the following quite simple theory of his results

according to the principles of physical chemistry.

It is helpful to distinguish two chief ways in which a nerve may

be stimulated electrically,— first, by electric force without the pas-

sage of external electricity into the nerve, and, second, by the actual

passage of electricity into the nerve. It is proposed to show in the

following that in the experiments of Mathews negative ions stimulate

ner\-e by giving to it their electric charges, whereas positive ions do

not give their electrons to a nerve, but depress it through the action

of tCeir electric force. According to this distinction all negative ions

of the same valency, having therefore the same electric charge, ought

to have the same stimulating action, namely, that of giving that

charge to the nerve ; but, on the contrary, positive ions of the same

valency, though having the same electric charge, ought not to produce

' Mathews: This journal, 1904, .\i. p. 455'
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the same depressing action, because, being of different sizes and of

different dielectric capacity (specific inductive capacity) they have

different electric forces at their surfaces. If a is the radius of an ion

and K its dielectric capacity, v its valency, and e the electron charge,

the electric force at its surface is „—., The charge ve will pro-
K a-

duce an inductive charge in the nerve proportional to vc: so the

actual force on the nerve willl be proportional to -p^-j • The most

striking result obtained by Mathews is contained in his Table IV,

which shows that for ten out of sixteen salts of sodium with mo-

novalent acids the minimum strength of a stimulating solution is

one-twelfth gram-molecular, or '". For sodium iodide it is ^k- ^"^.

for sodium hydrate, the most important exception, it is |^. With

due allowance for the exceptions, the generalization is clear, that

negatively charged monovalent ions have the same stimulating

power. When the formic, acetic, and butyric anions stimulate to

the same extent as the chlorine and bromine ions, which are so differ-

ent from them, we have clearly to do with a fundamental relation.

In the case of the sodium salts of bivalent acids, with the exception ot

acid salts and the carbonate borate and bichromate, the minimum

stimulating concentration is ^. With sodium citrate, the case best

representing trivalent acids, the concentration is —,. Now, in con-

sidering these numbers 12, 32, and 50, we must remember that the

stimulation of a cut nerve is essentially a surface phenomenon at the

severed end. Hence in the present connection we ought to consider

the number of molecules per unit surface and not the number per unit

volume. So we ought to compare 12^ 32^ and 50"', namely. 5.24,

10.08, and 13.57 ^s measures of the number of molecules of sodium

compounds with mono-, di-, and tri-valent acids which just stimulate.

But as the acid radicles of these types carry i, 2, and 3 electrons,

we get for the measure of the stimulating power per electron the

values 5.24 I, 10.08 2, and 13.57 3' namely, 5.24, 5.04, and 4.52.

These numbers are not identical, as they ought to be to confirm

sharply the important principle that stimulation by solutions is a

surface action; but they agree well enough to help confirm a later

calculation involving the principle of surface action as fundamental.

Their mean value is 4.9.

With the salts of potassium and ammonium the experimental results

are not so clear cut, though on the average they confirm the prin-
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ciple of surface action satisfactorily. Tlie minimum stimulating

concentration for salts with monovalent acids is about 4-5. for diva-

lent acids 14, and for trivalent 20 in the potassium citrate and 30 in

the ammonium citrate. If we take 4-5. H. and 25 as mean values,

and raise them to the I power in order to compare effects per unit

surface, we get 2.73. 5-8i- and 8.55. which upon division by i, 2, and

3 respectively give 2.73. 2.90, and 2.85. Here the agreement is as

cood as possible under the conditions. For the lithium salts the

data are few, and give 3, 10, and 30 for the minimum stimulating

concentrations for the three classes of salts. Taking the 4 power ot

these and dividing by i. 2, and 3, we get 2.08, 2.32, and 3.22. Here

the last number is markedly discrepant.

The other result of importance concerning negative ions found

by Mathews is the exceptional behavior of OH. The minimum

stimulating concentration found for the hydrates is f, for Na, ^ lor

K and ^ for Li, while it is f^ for Sr. For all hydrates it is about

J^ gram-equivalent per litre. Here the positive ion seems to be ot

no account. Probably there is a different chemical action between

nerve and alkali from that between nerve and neutral salt, the

OH concentration at the nerve being so much increased that the

positive ion of the hydrate never gets near enough to the nerve to

make its field of electric force effective. Amongst negative ions

OH is remarkable for the large ionic velocity usually assigned to it.

In a paper contributed to the Philosophical Magazine I have sought

to show that the OH ion does not really have this exceptional

velocity, but that it dissociates a certain amount of water into H and

OH ions whose velocities are credited to the original OH ion. This

exceptional power of the OH ion is doubtless partly the cause of its

exceptional behavior in stimulating nerves. By using the result

20 to measure the stimulating power of an equivalent of hydro.xide,

we might make an attempt to separate the stimulating and

depressing parts of the action of a dissolved salt.

If 20' measures the stimulating power of the OH ion, its value,

7.4 may be taken to give the power of all negative ions. Hence,

since 4.9 measures the power (of electric origin) of such types as

NaCl and i Na,SO,. we get the depressing power of the Na ion as

2.5. For equivalents of K,Li, and NH, salts the stimulating power

is about 2.8; hence the depressing powers of K, Li, and NH ions

are about 4.6.

Special interest attaches to the H ion of acids. Its action appears
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most clearly in the experiments on acid salts. While the minimum

stimulating'molecular concentration of Na^SO^ is 3V, that of NaHSO^

is only V. Hence the depressing power of the H ion per unit surface

exceeds\hat of the Na ion by 325-6*, or 6.8. With K^SO^ and

KHSO4 the difference in the minimum stimulating molecular concen-

trations is only that between 5 and 4, K.,SO^ being markedly excep-

tional. NaH.jPO^ stimulates in concentrations "{ per litre, so 6*

measures its stimulating power per unit surface. For NagPOi

the normal power would be 50'. In this case the depressing power

(eo* — 6h
of the H ion exceeds that of the Xa ion by ^—^ ^, or 5.1.

On the average the depressing power of the H ion exceeds that of

the Na ion by (i2:?_±Ai\ or 5.7. But the depressing power of

3

Na was tentatively estimated above at 2.5, so that the depressmg

power of n is 8.2. Now the stimulating power of an equivalent of an

ion was taken at 74. It seems to me to be the safer conclusion to

state that the depressing power of H is about equal to the stimulating

power of a monovalent negative ion. From this it would appear that

the H ion differs from other positive ions in being able to give up its

positive charge to nerve like a negative ion. As regards ionic

velocity, the H ion is still more exceptional than OH, according to the

values hitherto accepted. Just as in the case of OH I have sought

to show that the true ionic velocity of H is not exceptional, but that

the H ion splits about twice as much H.p into H and OH as the

OH ion does, and is credited with the velocities belonging to these

products of its action on water. Now in certain cases, as for instance

that of globulin, the action of acids and alkalies on proteids is far

more like a definite chemical one than that of neutral salts. On this

account the positive charge of the H ion may be given up to nerve

in a way not possible to the positive ions of neutral salts. If the

depressing action of the H ion is equal to the stimulating action

of monovalent negative ions, then acids ought to have neither a

stimulating nor a depressing eflect on nerve. In his experiments

Mathews found the acids to possess a small stimulating power,

which he attributes to other causes than those now under investiga-

tion. In another way he showed hydrochloric acid to have a de-

pressing power much greater than the stimulating power of sodium

chloride or rubidium chloride. It seems to me, however, that it is

necessary to distinguish two sorts of depressant action, namely,
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that associated with permanent chemical change in the nerve and

that not so associated. For example, the salts of heavy metals such

as copper and mercury /iiost probably form irreversible precipitates

in contact with nerve. This chemical effect complicates the physi-

ological investigation of the purely ionic electrical effect. The

clearest fact about the H ion is that it is a powerful depressant.

The evidence, on the whole, goes to show that its depressing power is

about equal to the stimulating power of a negative ion equivalent.

The next business is to study comparative values of the electric

force acting on the nerve at the surface of the different positive ions,

"—. Values of A', the dielectric capacity of the stuff of the ion,

Ka'-

are taken from "The Dielectric Capacity of^ Atoms,"' 1 as also values

of R, the limiting volume of a gram atom, B^ being proportional to rt^.

As we desire to compare the action of equivalents, we must divide

^ by V to get the effect to be ascribed to each electron charge e

1000 V

in the ion. So in the subjoined table are given values of -^—7 to

represent those of ^,, which we wish to study. For Mg, Ca, Sr,

and lia v — 2, and for the rest ;' = I.

K

B

1000 y

H
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cording to the above list Cs ought to have the smallest depressing

effect and Rb ought to come next. But Mathews found Rb to have

the smallest depressing eftect, although expecting Cs to give it. He

quotes Grutzner as having found Cs to be less depressing than Rb.

Evidently the point requires further experimental investigation. Next

to Rb in low depressing power and nearly equal come Na and Ba in

the above list, as Mathews found them. Then come K and NH^

nearly equal to Sr, in accordance with experiment. The list makes

Li a rather decidedly stronger depressant than K and NH^, whereas

we saw above that it comes out about equal to them in the experi-

ments. Mg and Ca appear to depress a little more than Sr, while

experiment makes all three about equal. The striking point about

the theoretical measure 4^ for the depressing power of a positive
A a^

ion equivalent is that it contains v, the valency. In view of this

fact and the considerable range in the values of K and of B, it seems

to me that the theory gives an adequate qualitative account of the

electric action of positive ions on nerve. As to a complete quantita-

tive test of the theory we are confronted with the difficulty that we

do not know the relation between magnitude of electric force and

amount of stimulation. If the depressing powers of Na and K ions

are as 2.5 to 4.6, it would seem that depressing power is proportional

to excess of electric force over some lower limit which just fails to

stimulate.

We can apply a rather searching test to the foregoing theory by

using it to calculate the amount of electricity available in the experi-

ments of Mathews with solutions for comparison with the directly

determined charge of negative electricity necessary to stimulate

nerve. Weiss has shown ' that to produce stimulation of a nerve a

certain minimum quantity of electricity is required. For the sciatic

of a frog he found this to be of the order 10^** coulomb, which is equal

to 3 C.G.S. electrostatic units. Consider now a solution such as that

of sodium chloride which Mathews found to stimulate frog's nerve

at concentration 58.4/ 12 gms. per litre. In a solution of concentra-

tion 58.4 gms. per litre there are as many molecules of NaCl as there

are molecules of II in 2 gms. of hydrogen, or 88 x 10". Thus a solu-

tion of NaCl of strength 58.4 12 contains 7 x 10''' ions of CI per c.c,

so that we may take a square centimetre of nerve section immersed

in such a solution to be in contact with 17 X 10'- ions of CI. But the

1 Weiss: Comptes rencius, 1901, c.x.xxii, p. 106S.
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electron charge of each ion is 3 x 10^^" electrostatic C.G.S. units. So

the total charge of the CI ions in a cm- is 51 x lo^. By measurement

I have found the sectional area of the sciatic nerve of a medium-

sized frog to be 0.0038 cm.^, while the sum of the sectional areas of

the axis cylinders in it is 0.002 cm"^. Hence the total charge of the

CI ions in contact with the cross section of all axis cylinders in frog's

sciatic nerve in Mathews' experiments with f^ solutions is 10 C.G.S.

electrostatic units. A fraction of this, namely, about \, is made

ineffective through being neutralized by the depressing effect of

electric force from the Na ions, so that we deduce 7 units as the

stimulating minimum. The agreement in the order of magnitude of

the 7 deduced from Mathews' experiments and the approximate 3

determined directly by Weiss is quite satisfactory, and furnishes sub-

stantial confirmation of the contention that the stimulation of nerve

by solutions must be regarded as a surface action at the cross section

of the nerve.

Melbourne, Altstu.alia.



NOTE UPON THE PRESENCE OF AMIDO ACIDS IN

THE BLOOD AND LYMPH AS DETERMINED BY
THE 13 NAPHTHALINSULPHOCHLORIDE REACTION.

By W. H. HOWtLL.

[From thi Physiological Laboratory of the Johns Hopkins University?^

SINCE the introduction of the /3 naphthalinsulphochloride reaction

by Fischer and Bergell,' it has been used by a number of ob-

servers to test for the presence of amido acids in the urine. The

result of this work has been to show the probable normal occurrence

in the urine of glycocoll at least, partly in a free form and partly

combined.'- Von Bergmann'^ has also demonstrated by the same

reaction the probable existence of an amido body of unknown com-

position in the normal blood of dogs, and in human blood in a

case of acute yellow atrophy. In the course of some work upon

the composition of blood with special reference to the absorp-

tion of the products of proteid digestion, the present author has

obtained the ,(3 naphthalinsulphochloride reaction from normal blood

by a simple method. Instead of removing the proteid incom-

pletely by heat coagulation according to the method used by von

Bergmann, the amido bodies were separated by dialysis. For this

purpose the convenient collodium membrane was used in place of

parchment paper. This membrane, first employed, I believe, in path-

ological experiments at the Pasteur Institute, can be made very easily

and be given any desired form. It dialyzes much more rapidly than

parchment paper for all readily dialyzable substances, but is im-

permeable to the usual proteids of blood unless the dialysis is con-

1 FiscHKR and Bkkgell: Berichte der deutschen cheniischeii Gesellschaft,

1902, xx.w, p. 3779.
•^ Ignatowski: Zeitschrift fiir physiologische Cheniie, 1904, xlii, p- 371;

Emboen and Reese: Hoemeister's Beitriige. 1905, vii, p. 411; Forssnek :

Zeitschrift fur physiologisclie Chemie, 1906. xlvii, p. 15; Abdeuhalden and

SCHITTENHELM : Ibid., 190O, xlvii, p. 339, and Samnelv : Ibid., 1906, xlvii, p. 376

' Von Bergma.nn: IIofmeister's Beitriige, 1904, vi, p. 40.
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tinued for a long period. In the present experiments the membrane

was constructed in the form of a flask with a capacity of about 250 c.c.

For this purpose one tal<es a 5 to 6 per cent solution of gun cotton m

a mixture of equal parts of absolute alcohol and ether. Some of the

solution is poured into an Erlenmeyer flask of the desired capacity, and

is then turned out while the flask is kept in slow rotation, so as to

form an even layer of the adherent solution over the entire wall. The

flask is drained carefuUv to remove the superfluous coUodmm, and is

rotated slowly in the hands for several minutes until the solution adher-

ent to the walls has hardened superficially. The flask is then filled

with water; the membrane of coUodium is separated at the mouth of

the flask by means of a knife, and is gently detached from the walls of

the flask for a distance by means of a blunt glass rod or spatula

After emptying the flask the entire membrane may then be removed

conveniently by allowing a stream of water to flow in betvveen the

membrane and the glass wall. The membrane thus loosened may be

pulled out without danger of rupturing. It presents the form of the

Erlenmeyer flask, and may be kept in distilled water until used. In

usin- these flasks to dialyze blood a glass tube 30 to 40 cms. in length

was cemented into the mouth with collodium solution and firmly tied

By this means one prevents the overflow of the flask which would

otherwise occur in consequence of the permanent osmotic pressure

exerted by the blood. The blood was allowed to flow directly from

the blood vessel used into the flask, which was then swung in a

vessel containing two to four litres of distilled water, and the dialysis-

was continued for five to twenty-four hours. The dialysate was then

concentrated by evaporation to 50 to 100 c.c, and tested directly with

the ethereal solution of /3
naphthalinsulphochloride, made alkaline

according to the usual procedure by the addition from time to time

of appropriate amounts of a normal solution of potassium hydro.xide.

The mixture was kept in the shaking apparatus for four to twenty-

four hours. A positive reaction for amido acids was obtained in all

cases but one in blood taken from fourteen difi-erent animals The

experiments were all made upon dogs, and the blood was collected

either from the portal vein or from the carotid artery or jugular vein

in animals that had been well fed, five to six hours after the meal, or

in animals in a fasting condition, twenty-four to fifty hours after a

meal.
. . ^ • u

Exammation of the dialysate.- After a dialysis of five to six hours

the dialysate was usually entirely clear ;
after a longer dialysis, how-



Presence of Amido Acids in the Blood and Lymph. 275

ever, it might become slightly milky, owing possibly to the diffusion

and precipitation of some of the globulin.' On concentrating the

dialysate on a sand bath a slight precipitate might coagulate out,

especially if the dialysis had been continued for a long time. The
filtrate from this precipitate was somewhat colored. An effort to

clarify the solution by treatment with animal charcoal was unsuccess-

ful, since this substance holds back the amido acids. With regard to

the amido bodies in the blood it was found that they are removed

practically completely by a dialysis of five to six hours. If after this

time the flask is dialyzed against a new bulk of distilled water, the

dialysate on concentration and examination in the usual way gives

little or no indication of the presence of amido acids, while the first

dialysate gives a distinct reaction. The condensed and filtered dialy-

sate contains some sugar, but gives no indication of proteids when
tested by the biuret or millon reagent. Inasmuch as preliminary

tests with solutions of Witte's peptone showed that the coUodium

membrane is readily permeable to solutions of peptones and proteoses,

the entire absence of a biuret reaction in the dialysate is a strong in- [

dication that no proteoses or peptones e.xist in the blood, even in the

portal blood collected during the period of maximal absorption from

the intestines. The question of the normal existence of peptones or

.proteoses in the blood, especially after a proteid meal, has given rise to

much discussion (see accompanying paper on the proteids of the blood).

The fact that a large proportion of the blood collected from the portal

vein during full digestion and dialyzed against a membrane readily

permeable to these substances, gives an entirely negative reaction to

the biuret test, must be accepted as strong proof that the peptones

and proteoses do not exist normally in the blood. When the concen-

trated dialysate was saturated with zinc sulphate, a small flocculent

precipitate was obtained, but that this precipitate did not consist of

peptones or proteoses or indeed of proteid of any character was

shown by the fact that when filtered off and dissolved the solution

failed to give a perceptible reaction with the biuret test.

The (i naphthalinsiilphochloride reaction. — As Stated above, this

reaction was positive in all cases except one in specimens of blood

taken from fourteen different animals. The exceptional case was

that of a dog in fasting condition, but it should be stated that in this

instance the dialysate was shaken with the reagent for only two

' On two occ.isions hnemoglobin passed into tlie dialysate, owing to sonic im-

perfection in the membrane.
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hours The procedure used in testing was as follows. The concen-

trated dialysate was shaken with the ethereal solution of the reagent

in distinct alkaline reaction for usually eight to nine hours Ihe

ethereal solution was then removed by means of a separating funnel,

and the aqueous solution after filtration was acidified with liydro-

chloric acid. A cloudy white precipitate was obtained, which if shaken

out with ether seemed to dissolve completely. The ethereal solution

thus obtained was separated and evaporated to dryness, and the resi-

due was dissolved in water to which a trace of ammonia had been

added • the excess of ammonia was removed by heating and the so-

Uition was filtered and precipitated by acid. The precipitate thus

obtained settled to the bottom as a slightly colored layer which on

examination under the microscope presented the appearance of minute

droplets of an oily character. The precipitate could not be made to

crystallize. Repeated solutions in alkaline liquids with precipitation

by acid, and long standing at low temperature failed to cause the

formation of crystals. Repeated precipitations from hot water or di-

lute alcohol failed to give a better result. In this respect the naph-

thalinsulphoamido compound differed from that obtained by other

observers from the urine, and it would appear therefore that the amido

acid indicated is not glycocoll. The compound obtained by von Berg-

mann from the blood behaved in a similar way as regards crystalliza.

tion If the first precipitate of the naphthalinsulphoamido compound

obtained on acidifying the shaken mixture was allowed to stand instead

of bein- shaken out with ether, it settled to the bottom of the beaker

after some hours as a yellowish layer which adhered tightly to the

bottom in the form of a smear. When the supernatant liquid was

poured off and the smear was treated with ether, a portion dissolved.

The portion soluble in ether, treated as described above, gave a pure

white precipitate on acidifying which, however, could not be obtained

in crystalline form. The portion not soluble in ether balled together

as a gummy mass when rubbed with a rod and was deeply colored.

This portion dissolved readily in dilute solutions of alkah, and on

acidifying precipitated in the form of yellowish docks which depos-

ited finally as clumps of yellowish granules. This portion seemed to

contain all of the pigment present in the original precipitate, ihe

failure to obtain the naphthalinsulphoamido compound in crystalline

form suggested the possibility that the reaction might be due to one

of the more complex polypeptids. An effort was made therefore to

hydrolyze this body. The concentrated dialysate was evaporated to
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dryness on the water bath, and the residue was boiled with strong

hydrochloric acid for eight hours with a reflux condenser. The solu-

tion was then evaporated to complete dryness on the water bath,

taken up with water and treated with the ii naphthalinsulphochlo-

ride. The precipitate obtained still deposited in oily drops, which

could not be made to crystallize after repeated precipitations and

exposure to low temperatures.

Comparison of portal and jugular blood. — The blood was examined

from dogs in full digestion, five to six hours after a meal, and from

others in a fasting condition, twenty-four to fifty hours after a meal,

and in some cases the blood was withdrawn from the portal vein

directly, in others from the jugular vein or car'otid artery. The

amount of material obtained as a naphthalinsulphoamido compound

was small in all cases, and no weighings have been made as yet, but

judged by the appearance of the precipitate, a larger yield was ob-

tained from the portal blood taken during digestion than from the

jugular blood, and a larger reaction from the blood of the fed animal

than from that of the starved animal. In three cases out of four

examined, however, a positive reaction was obtained from both the

portal and the jugular blood of animals starved for fifty hours, and

this fact would indicate that amido acids are constantly present in

the blood. It is hoped later to obtain quantitative measurements.

The fact that the amido acids seem to be increased after digestion,
\

while no trace of peptones or proteoses can be dialyzed from the blood,

lends support to the modern view that the proteids during digestion

and absorption are completely hydrolyzed into their constituent

amido acids, and that if any synthesis occurs, the products formed are

either not present in the blood or are in a form which does not

dialyze. It should be added that the concentrated dialysate from the

blood gave always a precipitate with phosphotungstic acid in acid

solution. Inasmuch as this reagent yields a precipitate so readily

with dilute solutions of potassium or ammonium salts, a reaction of

this kind is without significance in regard to the products of diges-

tion unless the presence of organic bases can be detected by other

means. An effort to obtain from this precipitate definite reactions

forarginin gave negati\'c results.

Amido acids in the lymph. — In one animal that had been well fed

lymph was collected from the thoracic duct. Fifty cubic centimetres

of this lymph were dialyzed against a litre of water for twenty-four

hours. The dialysate was concentrated in the usual way, and, as in
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the case of the blood, it contained sugar but gave no reaction with the

millon or biuret test. Treated with the /^ naphthalinsulphochloride.

it yielded a slight turbidity which settled to the bottom of the beaker

as oily droplets which formed an adherent precipitate similar to that

obtained from blood. The precipitate in this case was dissolved in

barium hydrate, the excess of barium was removed by carbon dioxide ;

the solution was filtered, boiled, and again filtered. On acidifying a

milky precipitate was obtained which on settling showed some

tendency to crystallize in needles.

The osmotic pressure of the portal and the arterial blood.— In the

dialysis as carried out in these experiments the blood showed consid-

erable permanent "osmotic pressure. If the blood was first heated to

the point of coagulation, however, and then dialyzed, it showed little

or no osmotic pressure, the membrane being so permeable to the salts

and other readily diffusible constituents of the blood that the differ-

ence in concentration due to these substances was very quickly equal-

ized by diffusion. It is evident, therefore, that the permanent osmotic

pressure e.\erted by the blood is due to the contained proteids, or, as

Reid supposes, to certain unknown substances, combined or mixed

with the proteids, which are altered or precipitated when the proteids

are coagulated. In these experiments the osmotic pressure was

measured simply by the height to which the liquid rose in the tube

attached to the dialyzing flask. It was observed that in the speci-

mens of portal blood the liquid rose more promptly and to a greater

height than in the case of the carotid blood. With the portal blood

the'' height of the column of liquid was equal to 270 to 300 mm.,

while in the carotid blood it was from 200 to 220 mm. Inasmuch

as the percentage of proteids in the portal blood is greater than in

the carotid blood, this fact alone may explain the difference in perma-

nent osmotic pressure. As measured by the lowering of the freezing-

point, the concentration of the portal blood is considerably above that

of the carotid blood, and the difference is distinctly increased during

the period of digestion, as is shown by the following experiment.

Dog A. — Starved for twenty-four hours. Serum obtained from clots of blood,

taken from the portal vein and the carotid artery. Serum entirely clear

and slightly concentrated from standing.

Zero point for distilled water = 2989

Freezing-point of carotid serum (^3 determinations) 2.370

2.369

2.369

2.369
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Freezing-point of porta! serum (3 determinations) 2.349

2-35°

2-352

2-35°

A of serum of carotid blood = 0.620° ; of portal blood = 0.639° J
<^''^"

ference = 0.019°.

Dog B. —Well fed; bled five hours after meal. Serum collected from clots

was very milky — was centrifugalized.

Freezing-point of carotid serum (2 determinations) 2.360

2-355

-•357

Freezing-point of portal serum (2 determinations) 2.324

2320

2.322

A of serum of arterial blood = 0.632° ; of portal blood = 0.667° ; dif-

ference = 0.035°.

Summary.

1. By means of dialysis through coUodium membranes a sub-

stance or substances may be separated from the blood which give the

reaction of amido acids with /3 naphthalinsulphochloride.

2. In the well-fed animal the amido acids are present in the

blood of the portal vein in larger amounts than in the general sys-

temic blood. Flven after a starvation of fifty hours, however, a posi-

tive reaction may be obtained from the blood.

3. Lymph collected after a meal and treated in the same way

gives a positive reaction.

4. Although the collodium membrane is readily permeable to pep-

tones and proteoses, no indication of the existence of these substances

can be obtained from dialyzing portal blood collected during the

period of ma.xinnim absorption.

5. Owing probably to its larger percentage in proteids, the portal

blood exhibits a i)ermanent osmotic pressure larger than that shown

by blood collected from the general circulation.



THE PROTEIDS OF THE BLOOD WITH ESPECIAL

REFERENCE TO THE EXISTENCE OF A
NON-COAGULABLE I'ROTEID.

B

Bv W. H. HOWELL.

[From the Physiological Laboratory of the Johns Hopkins [/nirersity.]

LOOD serum, when made feebly acid and completely coagu-

lated by heat, is found to contain a non-coagulable residue

which may be precipitated by saturation with ammonium sulphate,

by phosphotungstic acid, and by other reagents. This non-coagulable

portion of the serum has been investigated by several observers, and

opinions differ as to whether it is a normal constituent of the blood

or an artificial product formed during the act of heat coagulation.

The investigations of previous observers may be summarized briefly

as follows :"chabrie seems to have been the first to call attention to

this substance.! His method was to neutralize the serum (human)

with acetic acid and heat it on the water bath until it was converted

to a jelly. This jelly was cut into small pieces and extracted with

boiling water. In the opalescent extract was found a proteid which

he designated as albumon. It was not coagulated by heat, but was ,

precipitated by alcohol and gave a number of the proteid reactions.

Brunner- repeated Chabrie's experiments, modifying somewhat the

method of preparation. He concluded that Chabrie's albumon does

not pre-exist in the serum, but is split off from the serum proteids

during the process of heat coagulation. As proof for this belief, he

states that pure solutions of paraglobulin and serum albumin yield a

similar substance when submitted to heat coagulation. This expla-

nation seems to have been accepted generally by later writers, but

it may be pointed out that the experiments given by Briinner are

not entirely conclusive, since the methods used by him to prepare

1 CllAHHlli: ComptL's rendiis de rAcademie des sciences, 1S91, cxiii.

- BiiUNNliR: Zur Kenntniss der Eiweisskorper des Blutserums, Inaugural Dis-

sertation, Bern, 1S94.
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his pure solutions of paraglobulin or serum albumin were such as

might have precipitated the albumen, assuming that this proteid

pre-exists in the blood. Zanetti ' has described a similar proteid

which he obtained from ox's serum. This proteid after purification

by repeated precipitation by alcohol gave many of the usual proteid

reactions and in addition yielded a reducing body when treated with

dilute acids. Zanetti concluded that the non-coagulable residue in

blood serum belongs to the group of ovomucoids. Langstein - re-

peated Zanetti's experiments. He found that the proteid prepared

by the latter's method did not yield a reducing body in all cases,

and he was inclined, therefore, to regard the reducing body, when

present, as an impurity. He was convinced, however, that a non-

coagulable proteid e.xists in the blood serum and assigned it to the

group of albumoses, although no special reason for this classification

was given other than the non-coagulability by heat. Bergmann and

Langstein'' estimated the residual nitrogen-containing material of

serum by the Kjeldahl method, after removing the coagulable pro-

teid by heating in weakly acid reaction and in some cases after

the addition of NaH.^PO^ to \ per cent. The amount of the

residual nitrogen varied according to the conditions from "J.t" per

cent to 14.7 per cent of the total nitrogen of the blood; and exami-

nation of the substance yielding this nitrogen showed that it gave

proteid reactions. They separated this non-coagulable residue into

a portion consisting of primary and secondary proteoses and a portion

precipitable by phosphotungstic acid. They give no conclusive

proof, however, that the proteids in question belong to the group

of proteoses. Kraus^ used a somewhat similar method. He pre-

cipitated blood plasma by heat coagulation in acid reaction, and

treated the filtrate, after concentration, with -'77 its volume of satu-

rated solution of zinc sulphate and also by saturation with sodium

chloride in acid reaction. If the precipitate produced by the last

reagent cleared up on heating, he concluded that all coagulable pro-

teid had been removed. The solution was then precipitated by

saturation with zinc sulphate or by phosphotungstic acid, and the

amount of nitrogen contained in it was determined. The results

' Zanetti: Annali di Chimica e di Farmalogica, Xo. 12, 1S97; quoted from

Jaliresberericlit der Thier-Chemie, 1897, xxvii, p. 32.

- Langstein : Hof.meister's Beitrage. 1902, iii. p. 373.

• Bergmann and Langstein: Hof.meister's Beitrage, 1904, vi, p. 27.

* Kraus : Zeitschrift fiir e.v])erinientelle Pathologic und Tlisrapie, 1906, iii,

p. 52.
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obtained were variable, indicating that when the blood contained a

total nitrogen of 2.73 to 4-47 per cent, the residual nitrogen of the

non-coagulable portion varied from 0.039 to 0.146 per cent. In this

as in the paper bv Bergmann and Langstein no positive proof is

•riven that the non-coagulable proteid belongs to the group of

albumoses, and no proof «-hatever that the substance in question

is not split off from the other proteids of the blood during the act

of heat coagulat'ion. So far as the residual nitrogen is concerned,

it is evident that, as determined by these authors, it includes such

substances as the amido acids, urea, lecithin, etc., which would be left

in the serum after removing the coagulable proteid. Regarding the

question of the e.xistence of peptones or proteoses in the blood,

Hofmeister, Toepfer, Embden and Knoop are quoted as having

obtained positive evidence, while Neumeister, Abderhalden and Op-

penheimer report negative findings.^

As stated in an accompanying paper, the author has shown recently

that when an animal is bled from the portal vein during the height

of digestion, and the volume of blood obtained (250 c.c.) is dialyzed

a-ainst distilled water, using a coUodium membrane, no trace of

peptones or proteoses can be detecte 1 in the concentrated d.alysate

Since the coUodium membrane is reidily permeable to peptones and

proteoses, and since the other diffusible constituents that e.xist in the

portal blood, such as sugar, amido acids, ammonia salts, can be

detected easily in the dialysate, it follows that if this form of proteid

exists in the blood in even minute amounts it would be detectable

by this means. Whether there is a proteid in the blood not coagu-

lable by heat is, it seems to the author, a different question from

whether peptones and proteoses are present. The former question

is difficult of' solution, but regarding the latter the evidence is so

unsatisfactory that one is justified at present in denying their exist-

ence normally in the blood in amounts that can have a physiological

significance.

The non-coagulable proteid in serum. - That the blood serum con-

tains after heat coagulation a residual non-coagulable proteid is a

fact beyond question, if by non-coagulable proteid is understood

1 Hofmkistek: Zeitschrift fUr physiologische Cheniie, 1S81, v, p. 127; Toep-

FFK- Wiener klinische Wochenscbrift, .902, No. n ; Embdek and Knoop :

HOFME.STEK-S Bdtrage. .903. iii, P- <3o: ^^^''^'^- '^'^'^'}^^^^^.
l888.Nxiv, p. 272; AiM.i-Kii.VLnEN and Oppexheimeu :

Zeitschrift fur ph>siolo

gi.sche Chemie, 1904. xlii. p. 155-



The Proteids of the Blood. 2S3

one not coagulated by heat in feebly acid reaction in the otherwise

unaltered serum. The author has attempted to study this proteid

using the following method. The serum (dog, beef, horse) was col-

lected usually from a clot, although in some cases oxalate or fluoride

plasma was used. The serum was diluted with once or twice its volume

of a solution of sodium chloride, 0.7 per cent, and thoroughly cen-

trifrugalized. It was then heated on a water bath to 85' C. and dilute

acetic acid was added, while stirring, until the reaction was per-

manently but feebly acid. The heavy coagulum obtained was filtered

off through cotton cloth, and the serum was again heated to 85°, with

the addition of more acid if necessary to maintain a feebly acid reac-

tion, and again filtered through filter paper. The clear yellow filtrate

gave no further coagulum upon heating to 85° or 100' C. when beef

serum was used. Dog serum, if kept for a number of minutes at 85°

to 100° C, developed an opalescence which gradually took the form

of a fine precipitate. This precipitate could not be filtered off suc-

cessfully in all cases. The beef serum, although it remained entirely

clear or developed only a slight opalescence when boiled, also gave a

similar fine precipitate on boiling if the reaction was made strongly

acid with acetic acid. This precipitate brought down with it all of

the pigment present, and was characterized when fresh by a delicate

agreeable odor. The non-coagulable proteid left after the heat coag-

ulation of the albumin and globulins of the serum falls, therefore, into

two parts,— one which is entirely unaffected by boiling in strong acid

reaction, and one which by prolonged heating to 85° to 100° C, es-

pecially in strong acid reaction, is precipitated more or less imperfectly.

The qualitative reactions of these proportions were apparently the

same, so that in most cases the entire proteid left in the clear filtrate

from the coagulum thrown down at 85° was treated as one. The actual

amount of this material and of its two parts was determined in sev-

eral analyses, but the figures did not agree very closely, owing, as

was discovered later, to the fact that lecithin and other substances

extractable by alcohol and ether are present, and the thoroughness

of this extraction alters considerably the results. The following fig-

ures, however, were obtained. The total non-coagulable proteid

determined in three specimens from different animals by precipita-

tion with ammonium sulphate and reckoned in percentages of the

weight of serum used, was, respectively, 0.76, O.85, and 0.91 per cent,

an average, therefore, of 0.84 per cent. The portion coagulated

at 100^ C. in strong acid reaction, determined in six specimens, was
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O 31, 0.31, 0.21, 0.35, 0.29, and 0.38 per cent of the serum used, giving

an average of 0.31 per cent. The proteid left in the blood serum

after boiling in strong acid reaction was therefore equal to about 0.5

per cent. This proteid was not a form of acid albumin, since it was

not precipitated by neutralization nor by saturation with sodium

chloride.

Qualitative reactions of the non-coagulable proteid.- These reactions

apply to either portion of this proteid as described above.

1. It gives an excellent millon reaction.

2. It gives a blue-purple biuret reaction.

3 It gives a xanthoproteic reaction.

4. It is not precipitated by dialysis, nor by carbon dioxide after

dilution. . .,

5. It is precipitated by potassium ferrocyanide and acetic acia it

the reaction is made strongly acid.

6. It is precipitated by nitric acid, the precipitate not disappear-

ing on heating.

7. It is not precipitated by complete saturation with sodium

chloride.

8. It is incompletely precipitated by saturation with magnesium

sulphate.

9. It is completely precipitated by ammonium sulphate added to

a saturation of 50 to 70 per cent.

10. It is precipitated by alcohol added to a concentration of 50

per cent or more.

11. It is precipitated in acid solution by phosphotungstic acid or

iodine in solution in potassium iodide.

\o After dialysis and the addition of sodium, potassium, or lithium

chloride it gives no precipitate on boiling. A coagulum occurs,

however, under these conditions upon the addition of ammonium

chloride or sulphate or the chloride of magnesium, calcium, or

barium.
j r • ^

13. It gives always a strong reaction for phosphorus and a distinct

reaction for iron. The sulphur reaction was in some cases negative.

The content in phosphorus - It was quickly discovered that the

non-coagulable proteid gives a strong reaction for phosphorus, and^a

number of quantitative determinations of this element were made

by the ammonium molybdate method. The proteid was prepared

as follows. After complete coagulation at 85° C. the filtrate vvas

precipitated by saturation with ammonium sulphate and was purified
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by three successive precipitations. The final solution was in some

cases dialyzed in parchment tubes against running water and dis-

tilled water until it failed to give a reaction with barium chloride,

and was then precipitated by the addition of alcohol. In other cases

it was heated for two hours at a temperature of 105° to 1 10° C, and

the precipitate then washed with boiling water until all sulphate was

removed. The figures obtained by the first analyses made were very

variable, ranging from 0.144 to 2.9 per cent of the weight of proteid,

and it was found that this variation depended on the extent of washing

of the precipitate with alcohol and ether. When the precipitate

obtained by either method was thoroughly digested with boiling

alcohol and then with ether, the phosphorus reaction disappeared

entirely or was so small that no weighings could be made. The alco-

hol and ether extracts were found to contain lecithin and other related

bodies, as described below. It is evident from these facts that the

non-coagulable proteid does not belong to the group of nucleo-proteids

or nucleo-albumins, but when precipitated carries down with it some

lecithin in a form of combination such that the lecithin can be

extracted by hot alcohol. Hoppe-Seyler long ago called attention

to the fact that the globulins of the blood when precipitated carry

down some lecithin, and the present author has found this to be the

case even with the precipitate of blood serum produced by carbon

dioxide. Fuld and Spiro^ call attention to the fact that pseudoglob-

ulin, obtained by saturating serum to 34 to 46 per cent with ammo-

nium sulphate, always contains phosphorus. Bernert'^ also reports

that in a milky ascitic exudate examined by him the portion of the

proteid precipitated by one-half saturation with ammonium sulphate

gave an abundant reaction for phosphorus, but that all of the phos-

phorus-containing material could be extracted by hot alcohol. Freund

and Joachim^ claim to have discovered a phosphorus-containing pro-

teid in the blood which they designate-as a nucleoglobulin. Since,

however, they give no satisfactory evidence of obtaining from this

proteid any of the characteristic dissociation products of nuclein or

pseudonuclein, it remains doubtful whether the proteid they were

dealing with was a nucleo-proteid or nucleo-globulin, or simply a

1 FuLO and .Simko ; Zeitschrilt fiir physiologische Cliemie, 190c, x.x.xi, p. 140.

- Bernekt: Arcliiv fiir e.xporiiiicntclle I'atliologie und Pliarmakologie, 1902.

xlix, p. 48.

' Frf.uno and Joachi.m : Zeit.sclirift fiir physiologische Clicniie. 1902. xxxvi,

p. 407.
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lecithin-containing proteid from which the phosphorus-containing

material mic^ht have been extracted by the action of hot alcohol.

The author has prepared this so-called nucleo-globulin by the method

described by Freund and Joachim, and finds that it contains lecithin

and other materials extractable with alcohol and ether. After

thorough extraction with boiling alcohol and with ether the residue

remaining failed to yield a positive test for phosphorus.

Examination of the phosphorus extract. — The non-coagulable pro-

teid prepared as already described was usually extracted first with

warm absolute alcohol, then with a mixture of equal parts of alcohol

and ether, and finally with boiling absolute alcohol. The extracts

taken together were evaporated to dryness at a low temperature, and

yielded a yellow waxy material very soluble in ether, but soluble with

some difficulty in alcohol. This material contained much lecithin.

When mixed with a drop of water and examined under the microscope,

it gave beautiful myelin tubes, and when treated according to the

usual method with barium hydroxide, carbon dioxide, and [platinum

chloride, it yielded the orange-colored crystals characteristic of cholin.

Two quantitative analyses of the residue after repeated solutions in

ether and evaporation at a low temperature yielded 1.25 and 1.77 per

cent of phosphorus. In the first analysis the residue was weighed

directly after heating for several hours at 100°, until an approxi-

mately constant weight was obtained. In the second the weight of

substance used was determined by difference, that is, the non-coagu-

lable proteid was weighed before and after extraction with the alcohol

and ether. Further analyses were not made, as it seemed certain from

the low percentage of phosphorus that the residue was not composed

entirely of lecithin. This conclusion was verified by a qualitative

examination of the residue, according to which the following separate

parts could be recognized :

—
I. A portion precipitable from ethereal solution by acetone, the

precipitate soluble in cold alcohol. This portion contained nearly

3 per cent of phosphorus and was largely lecithin.

II. A portion precipitable from ethereal solution by acetone, but the

precipitate not soluble in cold alcohol. Its ethereal solution evapo-

rated to dryness yielded a hard waxy mass which gave an abundant

reaction for phosphorus. Under the microscope it showed a granular

structure, but gave no myelin figures on the addition of water.

III. A portion precipitable from its ethereal solution by the addition

of alcohol. The precipitate was slightly colored and soluble in water.
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The amount of this material was very small; it gave a phosphorus

reaction, but failed to respond to any of the reactions for jecorin.

IV. A portion not precipitable from its ethereal solutions by

acetone, soluble in cold alcohol. The residue on evaporation was

oily; it %-a.v& a reaction for phosphorus, and under the microscope

showed numerous crystals resemblini:; those of fatty acids and with a

melting-point at about 60' C. The residue had an acid reaction.

V. A portion not precipitable from its ethereal solutions by ace-

tone, soluble with difficulty in cold alcohol. On evaporation it gave

a hard waxy mass which gave only a faint reaction for phosphorus

and no myelin figures on the addition of water.

The material available for study did not suffice for further work,

but it seemed evident that in the alcohol-ether extract of the non-

coagulable proteid there was no substance corresponding to jecorin,

while there were present two substances at least (I and II) rich in

phosphorus, one of which (I) gave the characteristic myelin figures

of lecithin on the addition of water, while the other failed to give

this reaction.

The fact that the non-coagulable proteid when precipitated by

ammonium sulphate or alcohol yields such a large amount of lecithin

and related substances suggests that it may consist of a lecitho-proteid.

Several authors, notably Liebermann,' have contended for the exist-

ence of such a group of proteids. Osborne and Campbell,"-^ following

Hopper-Seyler, have described a compound of lecithin and nucleo-

proteid occurring in the yolk of the hen's egg. The assumed com-

pound has the properties of a globulin, and the lecithin in it can be

extracted by alcohol. As was stated above, the globulin, particularly

the pseudoglobulin, when precipitated by salts or carbon dioxide,

carries down with it some phosphorus-containing material, pre-

sumably lecithin. But the non-coagulable proteid contains a larger

amount of this material. When the blood is coagulated at 80° to 85°

C, the heat coagulum contains only a small amount of phosphorus in

a form extractable by alcohol, while the non-coagulable proteid is

relatively rich in this substance. The portion of the non-coagulable

proteid that is thrown down by boiling in strong acid solution con-

tains also much phosphorus material extractable by alcohol. The

amount of lecithin or related substances contained in the non-coagu-

* Liebermann : Archiv fiir die gesammte Pliy.siologie, 1891, 1, pp. 25 and 55.

^ OsuoKNE and Campbell: Journal of the American Chemical Society, 1900,

x.xii, p. 413.
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lable proteid is therefore noteworthy. When this proteid is precip-

itated by salts (ammonium sulphate), the lecithin is carried down
;

when dissolved, the lecithin passes into solution with it. Alcohol

splits off a part of the phosphorus-containing material very easily, but

for its complete removal the prolonged action of boiling alcohol is

necessary. It is possible, therefore, that the non-coagulable proteid

may be a lecitho-proteid compound, whether it pre-exists in the normal

blood or is formed during the process of heating. A definite com-

pound between the proteid and the lecithin would be indicated if the

amount of lecithin or phosphorus-containing material showed a con-

stant proportion. So far as my analyses go. however, this is not the

case. Results of the following character were obtained :

—

I. Weight of the non-coagulable proteid precipitated by

ammonium sulphate = 0-39S9 S™-

Weight of the alcohol ether e.Ktract = 0.2480 gm.

Percentage 'of phosphorus in the alcohol etlier extract = 177 per cent.

Percentage of phosphorus in the proteid after extraction = 0.87 per cent.

Weight of lecithin estimated from the phosphorus . . = 0.1474 gm.

Percentage of lecithin in the non-coagulable proteid .
= 37 per cent.

II. Weight of the non-coagulable proteid precipitated by

ammonium sulphate = 0-849 5 S'"-

Weight of lecithin estimated from the phosphorus in the

alcohol ether extract 0.113, and in the proteid after

extraction 0.092 ~" 0.205 gi

Percentage of lecithin in the non-coagulable proteid . =24 per cent.

.\lthough not constant, it will be seen that the amount of phosphorus-

containing material in the precipitated non-coagulable proteid is very

large, much greater than in the portion of the serum proteids coag-

ulated by heat. This adherent or combined lecithin modifies the

properties of this proteid, and there can be no doubt that the albu-

mon of Chabric and the non-coagulable proteid of the blood investi-

gated by other authors consisted of this compound. It was not pos-

sible to determine the properties of the proteid combined with the

lecithin, since the method of removing completely this latter sub-

stance, namely, by prolonged boiling with absolute alcohol, must have

altered this proteid constituent. The material left after extraction

with the alcohol was only partially soluble in water. The portion

dissolved was precipitable by alcohol, but this precipitate in turn

was only partially soluble in water. The aqueous solution thus
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obtained became opalescent on boiling, and with the biuret reagent

gave a redder tint than the original proteid.

The iron and sulphur contents of the uon-coagulable proteid. — After

removal of the phosphorus-containing bodies and other material

extractable by alcohol and ether, the remaining material was found to

contain sulphur and iron. A single analysis for sulphur gave for

0.7033 gm. of the proteid 0.0229 gm. of barium sulphate, or 0.45 per

cent of sulphur. The content in iron was more noteworthy. The

proteid material after thorough extraction with alcohol gave always a

distinct reaction for iron. The possibility that this iron might have

arisen from the slight amount of haemoglobin usually present in the

serum was disproved by a special e.vperiment made with the o.xalated

plasma of the horse. This plasma was entirely free from haemo-

globin, as far as could be determined by its color when seen in mass,

by the spectroscope and by the results of Almen's test. The non-

coagulable proteid prepared in the usual way from this plasma gave

an excellent iron reaction. The iron was determined quantitatively in

three cases by fusing the proteid with sodium carbonate and potas-

sium nitrate and precipitating by ammonium hydroxide. The three

analyses gave, respectively, 0.19, 0.17, and 0.29 per cent of the

extracted proteid. The maximum amount of iron is so small that it

would seem impossible for it to form a constituent part of the proteid

molecule, as is the case also with many of the iron-containing

proteid compounds, such as the nucleo-albumins, found in the tissues

or liquids of the body. The amount of iron is sufficient, however,

to make this compound of interest in connection with the iron

metabolism of the body.

The relation of the inorganic salts of the blood to the heat coagulation

of the proteids. —The usual proteids of the blood serum, serum

globulin and serum albumin are distinguished from each other by

their reaction toward magnesium sulphate or ammonium sulphate.

Moreover the two portions of the globulin usually recognized,

namely, euglobulin and pseudoglobulin, are likewise differentiated by

the degree of saturation with ammonium sulphate necessary for their

precipitation. Every one who has worked with these proteids must

have recognized the unsatisfactory nature of this classification. The

portion of proteid precipitated by half-saturation with ammonium

sulphate and designated as serum globulin is not a well-defined

chemical substance with uniform properties, and the same may be

said of the fractional portions distinguished as euglobulin and pseudo-
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Globulin A solution of either one of these latter proteids submitted

\o dialysis exhibits a portion that precipitates and a portion tha

remains in solution.^ -an indication of the presence of two different

substances in spite of the fact that they both come down at a certain

de<^ree of saturation with ammonium sulphate. The author has been

mu^ch impressed also with the fact that the blood proteids after

precipitation with ammonium sulphate exhibit quite differen proper-

ties as re-ards their precipitation and coagulation especially, from

tho^e shoJn before the action of this salt. This difference may be

shown in several ways. If blood serum is dialyzed very completely,

a certain amount of 'precipitate forms which settles to the bottom

of the dialyzin- flask and leaves a perfectly clear supernatant liquid

that may be filtered off. If now this clear liquid is precipitated by

ammonium sulphate, filtered, redissolved, and the solution again

dialyzed, a further abundant precipitate comes down. The action

of the ammonium sulphate has rendered a portion of the proteid

susceptible of precipitation by dialysis. Again, if blood serum is

precipitated by ammonium sulphate added to one-third or one-half

saturation, and the portion thus isolated is redissolved, it will be found

that the proteid in solution is precipitable by a less degree of satu-

ration with ammonium sulphate than was the case with the original

serum The difference in the properties of the proteids caused by

orecipitation with ammonium sulphate is most clearly shown by the

effect on heat coagulation. Facts of the following kind may be

demonstrated. If blood serum is precipitated by one-half saturation

with ammonium sulphate to remove the so-called serum globulin, and

the filtrate containing the serum albumin is thoroughly dialyzed unt.

no reaction is given with barium chloride, the solution thus obtained

gives no distinct coagulum on heating. If the solution ,s concen-

rrated. an opalescence will develop on boiling, but no coagulum.

Moreover, if sodium chloride, potassium chloride, or lithium chloride

be added to a concentration of, say, two per cent, boiling still fails

to cive a coagulum; in fact, the presence of these salts may even

prevent the formation of an opalescence. Addition, however, of a

little ammonium sulphate or chloride, or the chlorides of magnesium,

calcium or barium will cause a flocculent precipitate when the

solution is heated to 70-75" C On the contrary, if the precipitate

of serum globulin thrown down by half-saturation with ammonium

sulphate is redissolved and thoroughly dialyzed, the solution precipi-

1 Freund .111(1 J<>.\ciiiM : Loc. at.
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tales in part, and the precipitate after solution, as well as the portion

not precipitated by dialysis, gives a heat coagulum at 70°-75^ C. in

the presence of sodium, potassium, or lithium chlorides. These facts

would seem to indicate that serum albumin is a proteid whose com-

binations with salts of sodium, potassium, or lithium are non-coagu-

lable by heat, and in this respect different in a striking way from the

serum globulin which coagulates readily in the presence of these salts.

This conclusion is not borne out, however, by observations upon

blood serum not treated with ammonium sulphate or upon blood

serum completely saturated with ammonium sulphate. If, for in-

stance, one takes normal blood serum and dialyzes it thoroughly, a

certain small portion is precipitated. If this precipitate is filtered off

and the filtrate is tested as to its heat coagulation in the presence

of salts, no indication will be found of the existence of two proteids,

one of which suffers heat coagulation in the presence of sodium,

potassium, and lithium salts, and one of which remains uncoagulated.

On the contrary, all of the remaining proteid that can be precipitated

by heat comes down at a temperature of 85' C. or more in the

presence of sodium, potassium, or lithium salts, and at a temperature

of 70°-75'' C. in the presence of ammonium salts. On the other hand,

if the serum is precipitated by complete saturation instead of by

half-saturation with ammonium sulphate, and the precipitate, con-

sisting of both the serum globulin and serum albumin, is redissolved

and thoroughly dialyzed, a certain portion of the proteids will be

precipitated, the precipitate coming down in two parts, —-one, the

larger portion, appearing early in the dialysis, and one later, after the

salts have been removed more completely. If these precipitates are

filtered off and the clear, thoroughly dialyzed solution is heated

after the addition of sodium or potassium chloride, all the proteid

capable of heat coagulation comes down at 80° C. or below. It

would seem from these results that so-called serum albumin left after

half-saturation with ammonium sulphate is incoagulable by heat

if no salts are present e.xcept those of sodium or potassium, but if

first precipitated by ammonium sulphate, it is rendered coagulable

in the presence of sodium and potassium salts also. It would seem

evident from these facts that once the proteid of the blood serum

or any portion of it is precipitated by ammonium sulphate its

properties become altered ; one may say in general that its solubility

is decreased or its tendency to precipitation is increased. It is

possible that this change may be due to the fact that the precipitate
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with ammonium 'sulphate is a compound of the proteid and this salt,

and that when redissolved it goes into solution in this form as a

proteid compound different from that formerly existing >n the blood.

Moreover, when a portion of the blood proteid (the globuhn >s

precipitated by ammonium sulphate, the portion left behind the

albumin) is also altered, as is shown by the difference in reaction

toward heat coagulation in the presence of sodium and potassium

salts, between serum dialyzed before and after hal saturation with

ammonium sulphate. The serum albumin in the latter case is not

coagulable by heat in the presence of sodium or potassium salts

alone while in the former case it is completely coagulable in the

presence of these salts, although with some difficulty. It would seem

that the ammonium sulphate in throwing down a portion of the

proteid (serum globulin) had rendered it more easily coagulable, but

had left the albumin in a less readily coagulable form. All of these

facts tend to throw suspicion upon our present system of classification

of blood proteids so far as it is based upon the separation by satu-

ration with the sulphates of magnesium, ammonium, or zinc.
_

Precipi-

tation by these salts alters the properties of the portion precipitated as

well as of the portion left in solution. This fact, taken with the further

fact that the portions of proteid separated by one-third or one-halt

saturation with ammonium or zinc sulphate fail to exhibit uniform

reactions, would indicate that the method of salting out forms artificial

lines of demarcation between the different proteids of the blood

To define a globulin as a proteid precipitated by half saturation with

ammonium sulphate or by saturation with magnesium sulphate is

unsatisfactory, since the portion left behind as serum albumin, if

itself precipitated by further saturation with ammonium sulphate,

may exhibit the properties of a globulin as tested by this reaction.

The group definition that we give to the globulins is that they are

insoluble in water free from neutral salts, and in accordance with

this definition it would seem to be more appropriate to restrict the

term serum globulin to that portion of the serum proteid which is

precipitated upon complete dialysis. The proteid so precipitated

seems to contain no lecithin or other phosporus-containing body.

When dissolved in dilute solutions of sodium chloride, it coagulates

at 68° to 70 C. the precipitation being complete and precise. Ihe
.

proteid left in solution after the dialysis is, according to the usual

nomenclature, a mixture of globulins and albumin, but the so-called

Globulin remains in solution no matter how complete the dialysis
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may be. If, however, the remaining proteid is precipitated by

ammonium sulphate, redissolved, and again dialyzed, a very large

proportion will be precipitated. Evidently this portion is altered

in some way by the action of the ammonium sulphate; a proteid

that under its normal conditions acted like an albumin now gives

the distinctive reaction of a globulin. The proportion of the proteid

precipitable by dialysis seems to be greater when the serum is

entirely saturated with ammonium sulphate than when it is half

saturated with this salt, — a fact which would indicate that when once

the proteid or any portion of it has come down in combination with

ammonium sulphate, the presence of this salt in combination renders

it less soluble and more easily precipitated by dialysis or heat. It

would seem to be more consistent to designate as globulin only that

portion of the serum proteid which is precipitated by dialysis when

the unchanged serum is submitted to this process, and to call the

remainder serum albumin, since it remains in solution in spite of the

removal of all diffusible salts. Since, moreover, this portion forms a

combination of some kind with lecithin or a lecithin-containing

complex upon which its properties depend, it might be more appro-

priate to speak of it as a lecitho-albumin compound. However

precipitated, some phosphorus-containing material may be extracted

from the precipitate, whereas the proteid thrown down from the

original serum by dialysis alone is free from this material.

Does a uon-coagulable proteid exist in the blood ?— From the facts

described in the foregoing pages it is evident that the precipitability

of the proteids, and especially their property of heat coagulation,

depend upon the character and quantity of the salts present. In the

presence of ammonium sulphate and a slightly acid reaction all of

the proteid comes down upon heating. But in serum containing only

its normal salts there is a portion not coagulable by heat even when

the reaction is distinctly acid. Some of the properties of this portion

of the proteid have been described, and it is evident from these prop-

erties that it does not belong to the group of proteoses and peptones.

The important question arises as to whether this proteid exists

normally in the blood or is an artificial product split off during

the process of heating. This question is difficult or impossible to

answer in a satisfactory way. As isolated by the process of heating,

it is a proteid differing from both the serum globulin and the albumin

as ordinarily described. It is characterized by its large content of

phosphorus and iron ; it differs from the serum albumin in being
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more readily precipitated by ammonium sulphate, and in giving, when

thoroughly dialyzed, a blue-purple reaction with the biuret test instead

of a reddish purple; it differs from the serum globulin, on the other

hand, in not being coagulated by heat after complete dialysis when

salts of sodium, potassium, or lithium are added, resembling in this re-

crard the so-called albumin. If, following the usual method of sepa-

ration, solutions of euglobulin and pseudoglobulin are prepared by

fractional precipitation of the serum with ammonium sulphate, and

are then completely dialvzed to remove the ammonium sulphate,

it will be found that on the addition of sodium or potassium chloride

to the dialyzed solution the euglobulin is practically completely

precipitated by heating in acid reaction, while the pseudoglobu in

is incompletely precipitated, and the portion left in solution resembles

the non-coagulable proteid left after heating the whole serum. Serum

albumin prepared by repeated crystallization or by precipitating the

serum with acetic acid after half saturation with ammonium sulphate

is as stated above, not coagulated at all by heating in the presence of

sodium or potassium salts, but in the presence of a small amount

of ammonium sulphate or chloride is practically completely precipi-

tated upon heating. If therefore the non-coagulable proteid pre-exists

in the serum, it is thrown down, in part at least, with the serum glob-

ulin as usually prepared. The author, however, while unable to reach

any perfectly satisfactory conclusion in this matter, has been con-

vinced that this non-coagulable proteid is in reality an artificia

product split off from the complex material present in the normal

serum. This conclusion is based partly upon the inconstancy in the

amount and the reactions of this material and partly upon the follow-

in^ consideration: When the whole serum is dialyzed, a portion ot

the proteid is precipitated, the true globulin. If to the balance

of the serum one adds sodium chloride or potassium chloride to the

strength of i to 2 per cent, and boils, practically all of the proteid is

precipitated after one or two heatings. Subsequent addition of am-

monium or barium chloride followed by heating causes no further

precipitate. If the non-coagulable proteid were present, it should be

left in solution, to be thrown down upon subsequent heating with

barium or ammonium chloride, since its solutions are incoagulable in

the presence of sodium or potassium salts alone. While this argu-

ment is not conclusive, none of the facts that may be urged in favor

of the pre-existence of this proteid is free from the objection that it

may be split off during the process of heating in acid solutions.
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Summary.

1. After complete coagulation of blood serum at 800-85° C in

feebly acid reaction (acetic acid), there remains in solution a proteid,

Chabrie's albumon, which is not coagulated by boiling, but which may

be incomi)letely precipitated by prolonged boiling, especially if the

reaction is made strongly acid.

2. This non-coagulable proteid is not a peptone or proteose. When

precipitated by nitric acid, the precipitate does not clear up on warm-

ing: it gives a blue-purple biuret reaction; it is not readily diffusible,

and in the presence of salts of ammonia, barium, calcium, or magne-

sium is coagulated by heating. When isolated from its solutions by

precipitation with ammonium sulphate, added to one-half saturation,

or by alcohol, it yields considerable phosphorus-containing material

(lecithin), which may be reVnoved completely by extraction with

boiling alcohol. It contains also a distinct amount of iron.

3. Blood serum from the fed or starved animal when submitted to

dialysis in collodium tubes gives no indication of the presence of a

perceptible amount of peptone or proteose.

4. Serum albumin isolated in the usual way by half saturation ot

the serum with ammonium sulphate followed by complete dialysis,

or precipitated from its solutions by acetic acid after the removal of

the globulins and then redissolved and dialyzed, shows the peculiarity

that its solutions when heated in the presence of sodium, potassium,

or lithium salts give no heat coagulum. Addition of small amounts

of ammonium sulphate or chloride, or barium, calcium, or magnesium

chloride, causes the formation of a coagulum on heating. Solutions

of the globulins after precipitation by ammonium sulphate, followed by

complete dialysis of their solutions, are coagulated by heating in the

presence of salts of sodium, potassium, and lithium, as well as those

of ammonia, barium, calcium, and magnesium.

5. The separation of the proteids of the serum into several glob-

ulins and albumin by moans of fractional precipitation with ammo-

nium sulphate is unsatisfactory, inasmuch as the products isolated do

not show uniform properties. Evidence is given that after a proteid

has been salted out by ammonium sulphate its properties are changed

in the direction of a greater susceptibility to precipitation by dialysis

or heating. The reactions of the proteids, particularly the heat coag-

ulation, must be considered with reference to the kind as well as the

amount of salts present in the solution.
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6 It is suggested that the term serum globulin be reserved for the

proteid precipitated from normal serum or plasma by complete dialy-

sis This proteid shows a uniform and precise temperature of heat

coagulation in solutions containing sodium chloride. The portion of

the serum proteid not precipitated by dialysis shows the essential

properties of an albumin modified by combination with lecithin or a

lecithin-containing complex.



A MOLECULAR THEORY OF THE ELECTRIC
PROPERTIES OF NERVE.

By WILLIAM SUTHERLAND.

IN
" The Nature of the Propagation of Nerve Impulse,"' the theory

was proposed that the nerve impulse is propagated by a shear

along nerves, and at the same time it was pointed out that, the elastic

properties of matter being of electric origin, the electric properties of

nerve were implicitly involved in the theory. In the present paper it

is proposed to show the connection between the elastic and the elec-

tric properties of nerve explicitly by means of our knowledge of the

proteid molecule and a theory of the structure of colloidal solids. The

matter will be taken in the following order: —
1. The elastic properties of jellies and their structural cause.

2. The electric origin of rigidity in a jelly.

3. Calculation of the charge of electricity required to stimulate a

given nerve.

4. Various quantitative electric properties of nerve.

I. The El.astic Properties of Jellies .\nd their

Structur.vl Cause.

In jellies and the soft tissues like nerve the proteid material forms

a network whose meshes are fine enough to retain the molecules of

water in batches. The rigidity of a soft tissue or jelly belongs to its

proteid framework. No doubt there are cases in which the proteid

molecules attach molecules of water to themselves in a loose chemical

combination, and thus associate water in the production of rigidity.

On the other hand, water in sufficiency dissolves certain proteids, so

destroying their rigidity altogether. The typical general case is that

of a fr.Aicwork of proteid supporting an aqueous solution of proteid.

' Sutherland: Tliis journal, 1905. xiv, p. 112.
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To form a conception of rigidity in a jelly of such a type the simplest

way is to study jellies containing various amounts of dry gclatme per

unit volume and exhibiting every stage of stiffness from the mm.mum

up to that of dry gelatine. For concentrations below that giving

minimum measurable rigidity we get colloidal solutions of the gela-

tine in which the framework of proteid is no longer continuous, but

broken up into the particles of the suspension. At lower concentra-

tions still the suspension may disappear with merging of the colloida

type of solution into the ordinary. Apart from detailed theoretical

considerations we should expect that the rigidity of a jelly is propor-

tional to the amount of gelatine available for formation of framework

that is to the e.xcess of the total amount of gelatine above that which

gives minimum rigidity. This proportionality will not hold up to the

maximum of pure gelatine, because when the amount of water is

greatly reduced the structure of the proteid in the jelly resembles

that of an ordinary continuous solid rather than an open framework.

If a jelly then contains w^ gm. of gelatine in a cm.3, when its rigidity

is just measurable, the rigidity ;/ of a jelly containing ^v gm. ot gela-

tine will be given by the formula

« = c (?£/ — w„), vO

in which . is a constant so long as .v has not a value near that for

solid gelatine. This proposed relation can be tested by means of

published experimental work. The measurements of A. Leick in

' Kunstlich Doppelbrechung und Elastizitiit von Gelatineplatten are

suitable. In his experiments he determined Young's modulus q in

grams weight per cm.'^ for various jellies, for which by the theory of

elasticity ^ = 3 - "early. For a jelly of i part gelatine to 5
parts water

MaurerMound^ in dvnes percm.'^ to be 417.000 and n to be 124,000,

in approximate agreement with the theoretical requirement </= 3
«

nearly. Leick's first set of measurements on jellies made wUh liard

gelatine I find can be represented by

q = 7700 {w — 0.066),
'2)

as the following comparison shows for jellies in which 1000 /-has the

values -iven in the first row, with the experimental and calculated

values of q in grams weight per cm.'^ in the second and third rows:

1 LkiCK: Annalen der I'hysik, 1904, -xiv, p- I39-
... ^ o

' Maurer : WiKOKM.^NN's Annalen der Physik, 1S86, xxvim. p. 628.
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ducing displacement to A'B'CD. If A A' is small, A A' I AD measures

the angle ADA', which is the amount of the shear. Now, according

to the usual analysis of strains, this shear may be regarded as the

elongation of DB to DB\ accompanied with the shortening of CA

to CA', lines in the unit cube perpendicular to the plane of the

paper being unaltered. If D B' D B= i + e,

iL. ? "'
it follows from the same analysis that

CA'/ CA = I
— €, and the shear AA' AD =

2€ = s, say, so that e = s, 2. Now, in our unit

cube the threads of proteid run at random in

all directions, but for purposes of easy ap-

proximate calculation we may suppose them

equivalent to a distribution in which one-

" "
third of their number /« run parallel to D B,

one-third parallel to CA, and one-third perpendicular to the plane of

the paper Hence two-thirds of the proteid material is involved in

elongation or contraction of amount .y/2. But the stresses due to these

elongations and contractions of the proteid ties and struts in the unit

cube"" are found by multiplying the strain by q,..
which is Young's

modulus for the proteid threads, and by the sectional area A of

each and by their number 2 '^ namely, q^ (|) A (2 '«) = q^sAf. Now,

3 q = «„, the rigidity of the proteid stuff of the threads, so that the

stresses are n„sA m, and the rigidity of the jelly is u,.A m, and is directly

proportional to the rigidity of the proteid material of the threads and

to their number per unit volume. This brings us back to the prin-

ciple discussed above, that the Young's modulus and the rigidity of

a jelly are proportional to the amount of gelatine or proteid forming

the continuous framework.

We have now to form the simplest molecular conception of the

structure of framework in a jelly. Towards that end I shall give a

brief summary of a theory of the colloidal state which I have already

communicated elsewhere. The salient properties of colloids may be

traced to the one fact that their contiguous molecules combine

chemically with one another by means of valencies which are often

latent. For example, N in NH^ is trivalent, though in NH^Cl it is

pentavalent. In extension of the Helmholtz theory of valence I have

proposed! to express the trivalence of N by associating with it

three negative electrons each denoted by :>, and the pentavalence by

adding a doublet consisting of one positive electron % and a negative

1 Sutherland: Philosophical magazine, 1902 [6]. iii. p. i74-
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fe. In NH3 these two opposite electrons keep so close to one another

as to neutralize almost completely one another's action, leaving N to

act as trivalent. Hut in XH^Cl the i of H and the 2 of CI cause

this latent doublet 1', of X to open out and become chemically effec-

tive. In this way most of the important cases of dual valency in the

elements can be interpreted. Now, in a frozen mass of NH„ if the

doublet 25 of each X atom were to open out so that 2 in one attracted

it in a neighbor on one side while ' attracted 7 of a neighbor on

the other, the molecules of XH3 would become united chemically

with one another in chains. The ordinary chemical definition of a

molecule would break down. Each of the tangled chains would be

a molecule of a polymeric form of NH3. In an extreme case the

whole lump of frozen NH3 might be one endless chain, a single mole-

cule. This imaginary case with NH3 illustrates the proposed theory

of the colloidal state, namely, that it is due to the chemical union of

neighboring molecules through valencies which have ceased to be

latent. In a colloid, then, the usual molecule ceases to be a separate

entity; it becomes a pattern which is repeated. Such a pattern I pro-

pose to call a semplar. A colloid is an indefinite collection of sem-

plars. A single file of semplars gives us the simplest form of the

proteid thread forming the meshes of network or the ties and struts

in the framework of a jelly. Each proteid semplar must have

numerous electrons by which it can join to others, so that the single

files can unite with one another chemically where they come in con-

tact, this chemical combination corresponding to the knotting of

threads in a net and to the junction of ties and struts in engineering

frameworks by pins and rivets. When the water is all driven out of

a jelly, the single files of semplars form cross connections at so many

points, and so much latent valency is called into action, that the

proteid becomes practically a difTerent substance, having higher

rigidity than that belonging to the semplars in single file. That is

why our formula; ( i) and (2) for jellies cannot be made to include the

case of dry gelatine. I have found the rigidity of dried sciatic nerve

of the sheep to be hundreds of times as large as that of the fresh

nerve, and the experimental results with coagulated white of egg and

with gelatine jellies are similar. Having arrived at a definite mechani-

cal structure for jellies and tissue substance, we can now proceed to

connect it with their electrical properties.
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II. The Electric Origin ck Ruuditv in a Jelly.

In "The Electric Origin of Molecular Attraction" and "The

Electric Origin of Rigidity and Consequences " ' cohesion and rigidity

are traced to electric doublets 5 2 in molecules and atoms. As regards

rigidity the essential point in the theory is this: Consider a doublet

S'T whose unstrained position of equilibrium is A /»

% \ A while A' B is the position when A is sheared to A'.

Work is done in moving if from A to A' against the

attraction of ^ This is the work of elastic distor-

ts B tion It is shown that at the absolute zero of tem-

perature the rigidity of a metal is equal to the

electrostatic energy of its molecular doublets in unit volume. Hence

we must trace the rigidity of a nerve or a jelly to electric doublets in

the proteid semplar. The simplest conception of this doublet, accord-

in., to current electrical thought, is like the old one of a magnet, which

wrs treated as two opposite poles of strength / at the ends of its

lenc^th / and having a magnetic moment p I. So the electric doublet

in I molecule, atom, or semplar may be regarded as formed of two

opposite electron charges of the amount c associated with ions 1
hese

are at a distance . apart, which is of the order of magnitude o he

diameter of the molecule or semplar. For the rigidity .V of a metal at

absolute zero the formula established '- is

in which K is the dielectric capacity (specific inductive capacity) of

the metal, m the mass of the molecule, and p the density of the metal,

so that - is the volume of a molecule. At higher temperatures a

rather important temperature factor comes in with metals, but in the

case of substances like proteids it is probable that the ordinary tem-

perature factor is of small importance, because the movement of the

parts of a semplar can have little effect in changing the average eftec-

tive value of s, unless with the oncome of so profound a change as

that of coagulation. Hence for the rigidity ;/„ of a thread of proteid

in the framework of a jelly or nerve we write

1 SUTHERLAND : Philosophical magazine, 1902 [6], iv, p- C25. and 1904. vii, p. \M-

2 Loc. cit.
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e- s- , .

{')'

Treating a" as equal to the diameter of a semplar assumed spherical

and therefore having - = this gives
P 6

"o = -V; •

(5)

To find A' for proteids we may use Maxwell's relation that K is equal

to the square of the index of refraction. In its solutions gelatine has

an index of refraction 1.53 ; so K = 2.^. As regards the size of s, the

diameter of a proteid semplar, we shall assume that it is of about the

same order of magnitude as the diameter of the molecule of egg

albumin when dissolved in water, which I have shown to be about

15 times that of the hydrogen molecule.' The limiting volume of

a gram molecule H.^ being 8.6, that of the albumin molecule is

27,000. Now, the diameter of the hydrogen molecule is 2 X 10 ^

cm., so we get J = 30 X 10"". And e is known to be 3 X 10"'"

electrostatic units. Hence from (5) ;/o
= 4 x lO' dynes per cm.-. But

in formula (2) it appears that the proteid threads in a gelatine jelly

have a Young's modulus ^,, = 7700 gm. weight per cm.^, so that

experimentally we get /i„ — 2570 gm. weight per cm.2= 2570 x 981

dynes per cm.'-^ = 25 x 10". This is the ^^ part of the value just

calculated. If we take s for the proteid semplar in gelatine twice

as large as the 30 x 10^^ used above, we obtain a calculated value

of «„ equal to ^ of that found above and identical with the experi-

mental value. Thus we have arrived at the important result that the

rigidity calculated for the proteid threads in jelly from molecular

and electrical considerations is of the right order of magnitude. We
can express the velocity of propagation of a shear through the

framework or through the jelly, namely, y— or y ,

using the

appropriate p in each case, in terms of the electrical properties of the

proteid semplar by means of our expressions for «« and //. It is

possible that in the propagation of nerve impulse the shear is confined

to the proteid framework as suggested in my previous paper; it is

' .Suthkki.and: Philosophical magazine, 1905 [6], ix, p. 781.
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also possible that the shear is such as involves movement of the flmd

supported by the framework, in which case the framework would be

a ed with\he fluid and would propagate a shear more slowly than

if it were unloaded. But as we have taken the work of the shear

o be that of separating the electrons of the semplar doublets, we

have given explicitly an electrical theory of the propagat.on of nerve

impulse. Nerve impulse is propagated by electrical d.splacements

oT'such a nature that they are accompanied wUh corresponding

material displacements of the semplars, whence the slowness of the

propagation of nerve impulse.

III. CALCULATION OF THE CHARGE OF ELECTRICITY REQUIRED

TO STIMULATE A GiVEN NeRVE.

A certain electrical polarity having been shown to account for the

propagation of shear in a jelly or dead nerve and of nerve impulse

n a living nerve, we must consider more closely the difference

between dead and living nerve. I take it that the chief difference

is this: in dead nerve and jelly the polarities of the proteid sem-

plars are distributed in random directions; in living nerve they are

not. but have a preponderating direction which they can maintain

or restore while life lasts. The clearest proof of this directed

polarity in living nerve is the distribution of potential in an excised

Lngth of fresh nerve giving electromotive force between he bound-

in. cylindrical surface and the cut sections at each end. On the

average this E. M. F. is about 0.03 volt. Now. if we regard the

state of the electrically neutral dead nerve as an arbitrary s tandaid

of zero strain, then the E. M. F. can be attributed to a state of strain

maintained in the living nerve by a similar process to that by wh,

E M F is caused by strain in a piezoelectric crystal. In the

insulating crystal the act of straining 1^^--
^'j^^^'J^^^.^J";:

of the two sorts of electricity. If these were allowed to flow as

current the E. M. F. would die away and would be renewed only by

further strain. In the excised portion of living nerve there is some

provision of energy for keeping up the E. M. F. as long as li e las s

Possibly the action in living nerve is intermittent, the semplars being

strained one way while manifesting external EM. F. '-d semling

current externally, then relaxing and producing the opposi e E. Mb.

whose current is short circuited internally. Each semplar is thus

a source of alternating current, the positive phases of which are
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summed externally and the negative internally. This is matter for

further investigation, but I propose for the present to associate the

E. M. F. of living nerve with the existence of a certain strain in

the nerve, that strain consisting of a directed polarity of the doublets

in the semplars. This view is considered again in more detail in

section 4. Experimentally we know that the strain produces a

distribution of negative electricity over the cut ends of the piece of

excised nerve and of positive electricity over its bounding cylindrical

surface. Now, if a charge of negative electricity is given to the cut

end of a nerve, it may be considered to neutralize some of the

positive electrons of the terminal semplars, thus destroying part

of their polarity. Indeed the whole polarity of the terminal

semplars in the cut end of the nerve may be abolished by a

large enough negative charge, and the equilibrium of all the chains

of semplars in the nerve will be upset. This electric disturb-

ance of the semplar constitutes the central fact of nerve exci-

tation. But we have to distinguish between a disturbance which

stimulates and one which depresses. Now, we have seen that

the strain in living nerve must be such as liberates negative elec-

tricity at the cut ends of excised nerve. Hence negative electricity

imparted to the cut end must intensify the strain which is character-

istic of the living state. Positive electricity must lower the strain

characteristic of the living state. Thus we are led to identify stimu-

lation of a nerve with increase of the strain of vitality, and depression

with decrease. As to mechanical stimulation of nerve, we need only

remark that mechanical stimulus always consists in straining the

nerve substance in some way. When the strain increases the strain

characteristic of vitality, it stimulates. If we choose, we can inter-

pret mechanical stimulus as electrical by supposing the strain to

produce E. M. F. in the same way as in a piezoelectric crystal.

Stimulation of nerve by electrolytic solutions has been shown by

Mathews to be electrical in a way for which I have tried to provide

a simple theory in a previous paper in this journal. As regards

stimulation of nerve by non-electrolytic solutions, Mathews traces

it to osmotic pressure, so it becomes virtually a branch of mechanical

stimulation. In this way we bring all the types of nerve stimulation

under the one heading of a strain consisting of an electrical

displacement with an associated material displacement.

To calculate the minimum amount of electricity (negative) for

stimulating a nerve we can proceed in the following way. Let us
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assume that a single negative electron given to each semplar in the

cut end of a nerve constitutes the minimum. Of a vertebrate nerve

about one-third is solid matter, of which about one-fourth is proteid

so one-twelfth of a nerve is proteid. Concerning the number and

size of the axis cylinders in nerve, I made some observations on sec-

tions of the external popliteal of the dog kindly given me by Dr. B.

Kilvington from material gathered in his work on nerve regeneration.

The mean radius of the axis cylinder is 0.0004 cm., and the mean area

of its section is 0.0000005 cm.^. In the nerve there were 4200 axis

cylinders, so that the sum of their sectional areas was 0.002
1
cm.-.

In sections of the sciatic nerve of the frog kindly prepared for me by

my brother Mr. James Sutherland I found the mean radius of the

axis cylinders to be 0.00036 cm. and the sum of all their sectional

areas to be 0.0021 cm.=. This is for a medium-sized frog on which

most of the experiments on nerve stimulation have been made_

We have now all the data requisite for calculating the amount ot

electricity necessary to give each semplar in the end of a frog s

sciatic a single negative electron. With the formula found for egg

albumin,! „amely, C,,,,n,,,,^,,,0,,^r. i^^ molecular mass is 32.814

times that of the hydrogen atom, which is 2 X 10 -^ gm_^. bo the

mass of the albumin molecule is 66 X lO'^i gm. In a cm.- of nerve

there is A gm. proteid, and therefore g^^ semplars assumed to

have the mass of egg albumin molecules, say, 10". Hence on a

cm 2 of section of a nerve there are lO^^ semplars. Each of these

receiving the electron charge 3 x io-i« electrostatic units, the

charge per cm.'^ is 300 units. Hence for a nerve in which the

sum of the areas of the axis cylinders is 0.0021 cm.'^ the charge w.ll

be 063 units. Now G. Weiss'-^ has found the minimum charge for

stimulating frog's sciatic to be of the order iq-^' coulomb = 3 elec-

trostatic units. The value just calculated, namely, 0.63, is ot the

same order of magnitude as the experimental 3- Hence the electri-

cal stimulation of nerve is explicable on the same principles as have

been used to account for the propagation of nerve impulse with

the same order of velocity as shears through jellies. It has been

shown in a previous paper that Mathews' experiments on chemica

stimulation lead to about the same measure of the amount ot

electricity required to stimulate a nerve as the direct determinations

of Weiss.

1 Loc. cit.
^ Weiss: Comptes rendus, 1901, cxxxii, p. 1068.
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IV'. Vakious OuANnr.\rivK Emxtkic Pkoi'T-rtiks oi- Nkrve.

In this section it is proposed to apply the preceding principles to

account for certain specific properties of nerve. The most important

of these is the discovery of Weiss already considered, namely, that

stimulation depends upon quantity of electricity rather than upon

quantity of electrical enert^y. This simple outcome of the classical

work on electrophysiology and the more recent researches of Hoorvveg,

Hermann, Dubois, Waller, and others forcibly recalls Faraday's funda-

mental law of electrolysis, namely, that the amount of substance elec-

trolyzed is proportional to the quantity of electricity used and not to

the electric energy consumed. Weiss finds further' that if the

quantity of electricity q required just to produce minimal effective

stimulation is communicated to the cut end of a nerve in time /,

q = a^bf, (6)

where a and b are constants for a given nerve preparation. This im-

portant formula has been extended in an interesting viray by M. and

Mme. Lapicque,- who found that in invertebrates, if v is the voltage

applied to a nerve muscle preparation for time /, then taking vt as

proportional to the q of Weiss, since the resistance of the preparation

is constant,

q — a { bt — cv, (7)

where a, l>, and c are constants for a given preparation, but var)^ from

one preparation to another. The interpretation of Weiss's formula is

this. The quantity a of electricity is that which gives one negative

electron to each semplar in the cut end of the nerve and accentuates

the strain in the nerve just enough to give minimal response in the

attached muscle. If the electricity a is not given instantaneously, but

in time /, there is loss by conduction at rate b, and more than the

minimum o has to be given to make good the loss and bring the

amount of electricity on the nerve end at the time f just up to a.

Hence q— a-\- bt. Now, for frog's sciatic in Weiss's experiment a is of

the order io~" coulomb. The voltages used in such experiments aver-

age about I volt per cm. of the preparation, and the resistance of

frog's sciatic nerve is about lo'* ohms per cm., so the quantity of elec-

' Weiss: Loc. <it.

- Lapicque: Comptes rendus, 1903, cx.x.wi, pp. 1147 aiul 1477.
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ti-icity tlowinj: through is about IQ-'' coulombs per second, and hence

the necessary lO"' coulombs would escape in [O^/ second. There-

fore, with the second as unit of time,
j
ought to be about lo^ Ac-

cording to the Lapicques,' for a preparation with the gastrocnemius of

a fro- (Rana esculenta)
^' = 3 x lO^ and for Rana temporaria 14 X lO^,

for the gastrocnemius of the toad (Bufo vulgaris) 8 x IO^ while Cluzet

with sciatic preparations of the frog- finds ^' - I5 X lO^- These are

not far in order of magnitude from the estimated value \o\ In nerve

and muscle of the forceps of a crab (Carcinus maenas) the Lapicques

find '''-30, and for the mantle of Aplysia punctata 10. As to the

origin of the term -," : introduced by the Lapicques into the formula

of Weiss, I take it to be the following. A nerve can be stimulated

electrically either by receiving a direct charge or by being subjected

to electric force without communication of a charge. In applymg

voltage to a nerve muscle preparation there is stimulation both by

charg'e and by electric force, a certain intensity of electrical force

being equivalent to the minimum stimulating charge a. Suppose a

volta°ge V applied to the preparation by electrodes at distance d apart,

then the electric force is
''

, which is equivalent in stimulating power
a

to a charge ^' , where / is a constant for the preparation. Hence,

if ^ is the amount of electricity given to the nerve end, we must add

to it
'"^

to express the total electric cause as a quantity; then, as

above, 'we have to provide a term ht for loss during time / and thus

obtain q\''-'' = a^bt, which is equivalent K. the formula of the La-

picques. if the c of their fnnuula varies inversely as d, a point deserv-

ing experimental investigation. Evidently much may be expected

from a full investigation of all the terms of (J) for a great variety

of typical preparations.

In further illustration of the utility of a physical theory of nerve

action we shall estimate the order of magnitude of the stress in nerve

1 Lai-icqur: Comptcs rendus, 1905, cxl, p. 537-

2 Cluzet: Ibid., 1903, cxxxvii. p. 670, and 1905, cxl, p. 1116.
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which could produce, or be produced by, the average E. M. F. of 0.03

volt between cross section and surface. In the absence of data con-

cerning the piezoelectric properties of nerve, and remembering that

nerve can maintain a current, whereas piezoelectric crystals do not

do so, we shall nevertheless calculate the stress required to give an

E. M. F. of 0.03 volt between two faces of a quartz thread of square

cross section suitably cut from a quartz crystal. Suppose the side of

the square to be o. i cm. and the length of the thread to be i.ocm.

Such a thread of quartz in spite of its simplified square section is a

fairly good life-size model of a piece of nerve usually studied. It is a

small form of the Quartz Piezoelectrique, the standard instrument

designed by J. and P. Curie for illustrating the laws of piezoelectricity

discovered by them. The thread is supposed cut from a hexagonal

prism of quartz so that its length is perpendicular to any one face of

the prism, and its breadth parallel to the axis of the prism. A weight

of I kilogram hung on the lower end of this thread placed vertically

causes a negative charge of electricity to appear on one of the two

faces of the thread which are separated by the thickness, and an equal

positive charge on the opposite face, the amount of each being

0.063 electrostatic units, where / is the length of the thread and c

its thickness. For our special thread - = 10, and the charges pro-

duced by the weight of a kilogram are 0.63. But if b is the breadth

of the thread, the difference of potential between the two charged

faces is ^, times the charge. For our special thread -.7=1, and
lb

^ ^ lb

the difference of potential becomes 4 7r x 0.63 electrostatic units =
2400 volts. Hence, to produce a difference of potential 0.03 volts

between the two faces, there would be needed a weight of only

0.03/2400 kilogram at its lower end, say, O.oi gm. With this small

stress we can obtain in our quartz thread the same difference of

potential between opposite faces as appears between the cut end and

the cylindrical bounding surface in excised nerve. If nerve were an

insulator, we should have a fair amount of prima facie evidence for

believing that the observed potential difference in it is of piezoelectric

origin and associated with a suitable type of strain. But as nerve is a

conductor, though of high resistance, we have to find in it some

source of energy capable of maintaining the E. M. F. and its asso-

ciated current. The expenditure of energy involved is very small

;
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for I cm. of nerve it is of the order of that given by 0.03 voll through

I05 ohms, or nearly J, erg per second. This represents a very

minute drain on the total amount of chemical energy latent m a cm.

of ordinary nerve. The prime distinction between a piezoelectric

crystal and nerve is that the crystal cannot supply for itself energy

even at this small rate; if it ceases to insulate, it loses the E. M. F.

due to strain : whereas nerve in spite of its electrical conductivity

maintains its E. M. F. for hours. Nerve showing this similarity to a

battery, it might be urged that the origin of nerve E. M. F. should be

sought in voltaic rather than in piezoelectric analogies. It seems to

me that in nerve we have to do with a novel sort of molecular battery

worked on piezoelectric principles. For in the semplars of living

nerve we may have motion which is directed because of the semplars

being similarly attached to one another. In a single file of semplars

we rnight expect rotation round the direction of the single file to pre-

dominate. This would give polarity to the single file, and could pro-

duce a separation of the two sorts of electricity just as the impressed

polarity of stress in a quartz crystal does. But the energy required

to produce this separation of the electricities is derived from the store

of rotational energy of the semplars, and not from an external source.

If the separated electricities run together as current, the rotating

semplars will separate more. In this way they produce current and

permanent E. M. F. by drawing upon their stock of rotational

energy. In this idea of the existence of directed motion within the

semplars we come back to the principle of the gyrostat, which Kelvin

in his P.altimore lectures showed to be of such fundamental import-

ance in molecular physics. At any rate, there is an excellent experi-

mental field of inquiry open in the piezoelectric properties of nerve

and muscle. The difficulties of the work are increased by the con-

ductivity of these tissues, but sooner or later electrophysiologists will

need to attack the inquiry by appropriate methods. Every physical

method of investigating polarity in nerve and muscle will have to be

brought into operation. For instance, the electric organ of Malapte-

rurns shows electrical resistance four times as great longitudinally as

transversely. This is but one type of method for measuring directed

properties in tissues. The foregoing is an attempt to formulate a

theory of the physics of molecular polarity bearing upon the problems

of physiology, it will be noticed that th6 cell, the physiological unit

of structure, does not appear in the present theory, which goes back
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to the chemical unit, the molecule or semplar. Justification for going

behind the cell is to be found in the existence of primitive nerve

properties in unicellular organisms. The present theory is not limited

to nerve, but applies to any action similar to nervous which goes on

in living matter.

Melbourne, Australia.





PHYSIOLOGICAL AND PHARMACOLOGICAL STUDIES
. OF MAGNESIUM SALTS. — IV. THE RELATIONS OF
THE SALTS TO THE PERISTALSIS OF THE GASTRO-
INTESTINAL CANAL.

By S. J. MELTZER and JOHN AUER.
[From the Rockefeller Institute /or Medical /iese.irc/t]

THE non-stimulating effect of magnesium salts. — In our first paper
on the physiiilogical and pharmacological effects of magnesium

salts ' we stated that the basis for our studies was the h3'pothesis

that magnesium favors essentially or exclusively inhibitory processes
in the animal body. The facts brought out so far by our experiments
are all in harmony with this hypothesis. There is, however, one
familiar action of magnesium salts which is interpreted by many
writers as due to a stimulating effect of the salts, we mean the ca-

thartic action of sulphate of magnesium. As is well known, many
older writers have assumed that the purgative effects of certain salts

are due partly or exclusively to an increase of the intestinal peri-

stalsis (Huchheim, Aubert, Thiery, Radziejewsky, and many others).

Recently
J. Loeb - stated that all the salts which give rise to hyi'er-

sensitivcness of nerve and muscle act as cathartics when introduced
into the intestine, and suggested that thp saline purgatives facilitate

the production of peristalsis by increasing the irritability of the nerves
and muscles of the intestine. On the basis of this hypothesis

J. B.
MacCallunT^ carried out a series of experiments in which certain

saline ])urgatives were injected subcutaneously and intravenously.

His results were that "all those salts which act as purgatives when
introduced into the stomach or intestine, have the same action when
injected subcutaneously or intravenously." He stated explicitly that
" magnesium sulphate, when given subcutaneously, is no less active

" Meltzf.k AN-n AuKR: Tills journal, 1905, xiv, p. 366.
' I.OF.n, J. ; Studies in general physiology, 1905, Part II, p. 759.
" MacCali.um, J. 15. : This journal. 1903, .\, p. loi.
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than sodium sulphate." MacCallum arrived at the conclusion that

" the essential feature in the action of saline purgat.ves ,s not the.r

P esen in the lumen of the intestine, but their absorpt.on >nto the

Cd, and the production by them of a condition of Mpe-ns.Uve

ness of the nervous system controlling the intestuie. Here we have

h a pronounced theory supported by experiments that pu^aUves^

n,a<^nesium sulphate included, produce pertstals.s ^Y '"creasmg the

sensitiveness of nerve and muscle of intestines; .n other words, here

we tern to have an instance in which magnes.um salts do not

inhibit but stimulate activity.

In taking up the discussion of this question we mus state at the

ou set that'we'cannot support the statement of MacCallum co.^ern

^nTthe purc^ative effect of magnesium sulphate when g.ven subcu a-

neou MacCallum quotes Claude Bernard as hold.ng a s,mdar

n Hav 1 however has shown that Bernard's opinion was

It bTsed^pon any exp riments which he made himself. On the

her hdBuchhdm, Bonders, Rabuteau. and many other writers

who have experimented with subcutaneous and intravenous inject ons

of magnesium sulphate positively deny the purgative effect ng-

nesiurn salts bv this method of administration. In the numerous

xperlen which we made with subcutaneous injections of mag-

nesium salts in dogs, cats, rabbits, etc., we did not meet with a sing e

am which the subcutaneous injection led to an immediate or
1

te

appe ranee of purgation or even simply to ^^^^^^^^^^^
VVe may state here, further, that also in the second ser es of experi

menr3'in which magnesium salts were repeatedly given mtrave^

Sy and the animal observed for many hours, no purgation took

plac We may therefore consider it as an established fact that sub-

cutaneous and' intravenous injections of magnesium salts do not

^^t^ha^:C::er, to distinguish between t.e causation of^
tion and the production of peristalsis. In the experiments carried

out bv one of us (A.),^ with sodium sulphate, sodium citrate, and so-

d m%h Phate itL found that while subcutaneous and intravenous

inie" ions of these salts produced no purgation, they often caused a

mode a e but definite increase of the peristalsis of some parts of the

1 Hav : Journal of anatomy and physiology, 1882, xv>. p. 245-

» MFLTZER AND AuER : This journal, 1905- x.v, p. 3^S6.

« Meltzer and Auer : Ibid., 1 905-1 906, xv, p. 387-

« Auer : Thi.s journal, 1906, xvii, p- ij-
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intestine. It was therefore necessary for us to establish by direct ex-

periments, in the first place, whether intravenous injections of mag-

nesium salts are capable of starting or increasing intestinal peristalsis,

that is, whether magnesium salts are capable of producing some

stimulating effect upon the intestines.

We have made a large number of such experiments and we can

state our results in a few words: not in one single experiment did

the intravenous injection of magnesium salts produce peristalsis in a

quiet part or increase it in an already moving part of the gut.

Magnesium salts apparently do not increase the sensitiveness of

nerves and muscles of the intestine. Whatever the cause of the

purgative action of magnesium salts may be, it is safe to say that the

action is not an instance of the stimulating properties of magnesium
salts.

The inhibitory effect upon the peristalsis.— Knowing now that sub-

cutaneous and intravenous injections of ma<4nesium salts do not bring

on intestinal peristalsis, the question arose whether our hypothesis

could not be tested just by this phenomenon, that is, whether existing

peristalsis could not be inhibited by these salts. In studying this

aspect of our question, we were however confronted with the obstacle

that spontaneous intestinal peristalsis is an unreliable phenomenon.

There would be, in the first place, no peristalsis when we were

ready to inhibit it. Furthermore, the cessation of a peristaltic move-

ment after an injection of magnesium salts could not be considered as

a safe proof of the inhibitory effect of the salts, since such a cessation

frequently enough occurs also spontaneously. To study this side

of the question satisfactorily, we had therefore recourse to the pre-

vious employment of such means as bring out more or less reliably

peristaltic movements or other contractions of the intestinal canal.

The methods of observation of the abdominal viscera employed in

this series of experiments were the same which we have used in our

studies of the action of ergot upon the gastro-intestinal canal, and

we refer to the detailed description given in that article.' In the

present study, however, the experiments were confinetl to rabbits.

For anctsthesia niorphin or ether or both were used.

The following is a brief account of our results :

The inhibition of the peristalsis brought on by saline purgatives.—
In a previous article by one of vis- the results of experiments were

' Mkltzer and Aukk : This journal, 1906, xvii, p. 142.

'^ AuF.R : Thi.s journal, loc. cit.
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recorded in which sodium sulphate, sodium phosphate, or sodium

citrate were administered by subcutaneous or intravenous injections.

It was found that these injections brought on moderate penstaltu:

movements of some parts of the gut, or caused a moderate but defi-

nite increase of previously existing peristalsis. Many of these ex-

periments were utilized by us for a study of the inhibitory effect of

magnesium upon the peristalsis produced by these salts. The fol-

lowing brief e.xtract from the proctocols will illustrate the results.

Experiment i.- Rabbit, niorphin. . . . ^.2^ p.m.. injected subcutaneously

,5 C.C. sodium citrate |'. 4-55 •• • entire small gut shows peristalsis

5.01, injected slowly i c.c. 25 per cent MgSO, Mo right ear rem
. .

.

peristalsis ofgut disappeared almost entirely immediately ajtcr injection.

J5v;>.«W/// 2. -Rabbit, morphin. . . . 4-07, 15 c.c. sodium citrate f given

subcutaneously 5-'°. i"^^'^^ subcutaneously 15 c.c. sodium sul-

phate f . 5.55. peristalsis fair in upper gut, slight in lower gut. In-

jected I c.c. magnesium sulphate 25 per cent into Jc/t ear vein. Fertstalsis

stopped almost entirely shortly after injection. ...

Experiment 5. - Rabbit, morphin. . . . 1.20 p.m., injected subcutaneously

IS c.c. sodium phosphate (Na,HPO,) i'.
- • • 3-35. entire small gut

moves well, ascending colon active, transverse colon and CKCum quiet.

7 4- injected slowly into left ear vein i e.e. 25 per cent MgSO,. 3-45-

small gut slumps only slight swaying, definitely diminished, descending colon

is perfectly quiet. V47. ^lig'^t movements begin in descending colon and

small gut. ... 3-57, 2 c.c. sodium phosphate %' injected into left ear

vein.
.°

. . 4.05. small gut shows fair pendular movement, descending

colon shows good constrictions. 4-07> injected i c.c. MgSO, 2^ per cent

into ear vein. At end of injection small gut practically quiet, descending

colon still shows good travelling contractions. 4-08, desccndmg colon

(juiet, distended by gas.

In these and other similar experiments with saline purgatives the

intravenous injection of a small dose of magnesium sulphate (or mag-

nesium chloride) abolished or at least considerably diminished any

peristalsis present. As a rule the peristalsis gradually returned after

an interval of rest lasting between six and fifteen minutes. The peri-

staltic movements after the injection of the saline purgatives was

rarely very active, and their inhibition, although very definite, was

not a very striking phenomenon.

We have tried to obtain the paradoxical result of inhibiting a peri-

stalsis brou-ht on by a per os administration of magnesium sulphate.

We failed, however, to see any peristalsis after administration of even
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large doses of these salts. Van Hraam Houckgeest' and other writers

met with similar experience. However, we made only few experiments

of this kind, and we shall not dwell on this subject for the present.

luhibitiou of peristalsis produced by ergot.— In the following we
give short abstracts of protocols from experiments made with ergot:

Experiment J,. — Rabbit, ether (cord destroyed below fourth dorsal vertebra
;

ergot intravenously i c.c. twice ; viscera observed througli abdominal

muscles, etc.). 2 p. m., abdomen opened under saline. 2.05, small gut

distended and shows good pendular movements, descending colon shows

good peristalsis, colon shows only slight movements. 2.11, injected

through jugular vein i c.c. MgSOi 25 per cent. 2.12, small intestines

and colon stopped moving entirely, descending colon still moves well (very

distended with gas). 2.25, lower small gut begins to move. 2.28, colon

shows sligiit contractions.

Experiment 5. — Rabbit. 2 p.m., received 50 c.c. magnesium sulphate per

stomach tube. Ether. Skin removed and viscera observed through

muscles. . . . 4.06, abdomen opened under saline. Observed until 4.24,

no motion anywhere. 4.27 and 4.33, 1 c.c. of ergot in left ear vein

4.35 small gut shows good circular contractions and pendular movements,

colon shows travelling peristalsis. 4.39, very strong travelling peristalsis

in lower small gut, colon very active. 440, 1 c.c. MgSOi 25 per cent in

right ear vein. Ajter injection small gut and colon perfectly quiet, no

sign of motion. 4.45, small gut perfectly relaxed, filled partly with yel-

lowish fluid ; colon quiet. Respiration good. 4.S3, slight movements

begin now in small gut ; colon quiet.

In the experiments with ergot, in which the intestinal peristalsis

was often very active, the inhibitory effect of magnesium was very

striking and lasted often from ten to fifteen minutes and even

longer.

Inhibition of peristalsis produced by eseriii.

—

Experiment 6. — Rabbit, ether. 11-30, abdomen opened in saline bath.

1 1.37, no movement of gut seen so far. 1 1.39, 0.2 c.c. of eserin sulphate

(0.5 percent) injected through jugular vein, n.44, active movements

of small gut, colon, stomach, cajcuni. 11.47, °-* ^'^- eserin injected.

Powerful contraction of small intestines, colon, and stomach followed the

injection. Some convulsions set in ; relieved by artificial respiration.

1 1.49, 1 c.c. of A/gSO, 25 per cent injected into the jugular vein. 1 1.50,

entire gut relaxed, quiet, no motion. .Artificial respiration stopped, animal

' Van- Bkaam Houckoekst : Archiv I'iir die gesammte I'hysiologie, 1872, vi.

p. 266
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breathes spontaneouslv. Stomach still shows deep contractions. 11.54,

some pendular motion in upper part of small gut. .2.07, lower small

gut, ascending colon and c^cum quiet, transverse colon shows fa.r

travelling peristalsis. Injected 0.2 c.c. eserin. Same effect as before.

Injection of i c.c. MgSO, 25 per cent quieted the animal and relaxed the

gut which became perfectly motionless.

Experiment 7. - Rabbit (has diarrhtea), ether. Abdomen opened under

saline. Entire intestine shows fair travelling peristalsis. 2.07, injected

into jugular 0.2 c.c. eserin (0.5 per cent). Contractions of small gut

increased in vigor. . . . 2.30, injected o.i c.c. eserin. Tetanic local

contractions of gut. Marked tremor of animal. Injected 0.9 c.c. MgSO^

25 per cent. Some diminution of tremor and some relaxation of small

gut set in, but still some contractions persisted. Injected a few minutes

later again 0.9 c.c MgSO,. The relaxation was now marked and the

tremor disappeared.

In these and other experiments the inhibitory effect upon violent

peristaltic or tetanic contractions was beyond doubt.

In these experiments the interesting fact was observed that mag-

nesium sulphate completely inhibited the general muscular tremor caused

by eserin.

Inhibition of peristalsis produced by barium chloride.—

Experiment S— Rabbit, morphin. Abdomen opened under saline. No move-

ments anywhere. 11.12, injected into jugular vein 0.5 c.c. ^ barium

chloride, followed by injection of i c.c. saline to wash down contents of

cannula. 11 13, powerful travelling constrictions of small gut which

repeatedly drove down fluid into CKCum. 11.24, powerful travelling

constrictions of cscum, peristaltic and antiperistaltic waves. Strong

waves also in stomach and on part of colon. ...37, same as before

except that small gut shows now only some pendular movements. 1..42,

injected 0.5 c.c. BaCl., f not followed by saline. At once powerful coti-

strictions swept down the small intestine ;
colon and small gut blanched,

respiration became rapid, and animal shaken by convulsive movements.

Artificial respiration given for a few minutes, convulsions disappeared.

,,.48, small intestines show good constricting and pendular movements,

cxcum and colon show strong peristalsis. n.52, "'J^^^^'^ ' '' '""S'

nesium chloride {approximately molecular solution) into jugular vein, not

followed by saline. Shortly after movements of entire gut stopped, only

very slight swaying of some coil of lower small gut persisted for a while.

,, „ , c c. of saline injected into cannula of jugular vein to wash down

the remaining MgCl. i ..56, no motion anywhere. Respiration became

very shallow and artificial respiration given. At 12.20, 0.3 c.c. HaClj
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was injected again and followed by saline. This brought on powerful

contractions of the intestines which was completely slopped by injations of

magnesium chloride.

Experiment 9.— Rabbit, niorphin, abdomen opened under saline. No sign

of motion anywhere. 2.32, injected 0.3 c.c. ^' BaClj into jugular, no

saline. Powerful contractions in all parts of the abdominal viscera.

About 20 minutes later the vigor of the contractions diminished and the

movements were interrupted by periods of rest. 2.56, injected again

0.3 c.c
'K

HaClj, followed by i c.c. of saline. Same powerful effect as

before, ascending colon showing much more frequent contractions, crecum

shows powerful travelling constrictions. Small intestines and colon show

still good powerful travelling constrictions. 3.24, injected slowly \ c.c.

MgSOi 25 per cent into jugular vein, notfollowed by saline. Respiration

slowed, but artifcial respiration not necessary. Movements all over the

intestines stopped, small gut relaxed. 3.27. as before except that ascend-

ing colon shows slight travelling ripples. Injected i c.c. of saline to

wash doicn rest of AfgSOt into circulation. A/otion stopped.

The injection of magnesium sulphate overcame the powerful effects

of BaCi.^, and the inhibition of the intestinal movements took place

even when the injection of the magnesium salts was insufficient to

embarrass the respiration to any serious degree.

After the above records of the inhibition of such powerful peristaltic

movements it is hardly necessary to mention that the intravenous in-

jection of magnesium salts inhibits the normal intestinal movements

occurring occasionally spontaneously in the saline bath ;
or those

appearing after the destruction of the cord below the fourth dorsal

vertebra. It is |)erhaps not superfluous to state expressly that the

intravenous injection of the magnesium salts inhibits the peristalsis

brought on by exposing the coils to the air, since the peristaltic move-

ments here are caused apparently by external, local stimuli of change

of temperature, and drying. As to the peristalsis caused by other

powerful local stimulation, we cannot make any definite statement as

to the effect of an intravenous injection of magnesium salts upon

them, since we maile no systematic studies on that point. In the few

instances in which BaCl.j or KCl were applied locally to the gut, the

intravenous injection of magnesium salts ditl not abolish the local

constrictions. However, it might be only a question of differences

in concentrations: the locally applied salts were in molecidar solu-

tions, while the magnesium salts reaching the local constrictions by

the circulation are obviously greatly diluted by the blond.
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We can also report that the post-mortem intestinal peristalsis in

animals which received (ante-mortem) intravenously magnesium salts

is considerably less in evidence than in normal animals. We have

observed it incidentally in studying the efiects of intravenous injec-

tions of these salts on vital processes, and we have seen it also in a

special study in which the post-mortem peristalsis of animals killed

by magnesium salts was compared with that of animals killed by

calcium salts. The latter subject will be dealt with later in conjunc-

tion with other problems in another paper.

Finally, we should mention especially that the intravenous injec-

tions of magnesium salts inhibit not only the peristaltic movements of

the small intestines, but also the movements of the other parts of the

gastro-intestinal canal, when present, namely, the movements of the

stomach, the caecum, and the entire colon. On account of the occa-

.sional great distension by gas, the movements of the descending colon

are frequently difficult to subdue.

Summary.

Subcutaneous and intravenous injections of magnesium salts pro-

duce neither purgation nor intestinal peristalsis. The purgative

action of these salts is therefore no evidence for their stimulating

effect.

The moderate peristalsis produced by exposing the intestines to

air, by destroying the dorsal cord or by intravenous or subcutaneous

injections of certain saline purgatives, and the powerful peristaltic

constrictions produced in all parts of the gastro-intestinal canal by

intravenous injections of ergot, eserin, or barium chloride can be

completely inhibited by an intravenous injection of magnesium sul-

phate or chloride in doses insufficient to embarrass the respiration

to any serious degree.

The post-mortem peristalsis of animals which received intravenous

injections of magnesium salts is considerably less in evidence than

that of normal animals.

As an additional fact, which was observed in these experiments,

may be appended here that the intravenous injection of magnesium

salts inhibits the muscular tremor produced by intravenous injections

of physostigmine.



AN IMrROVKU OPERATIVE METHOD OF FORMING AN
EXPERIMENTAL ACCESSORY (PAVVLOVV) STOMACH
IN THE DOG.

liv JOHN C. HEMMETER.
[Ballimore.\

IN his article on the Physiological Surgery of the Digestive Tract,

J. P. Pawlow,' after considering the advantages and disadvantages

of previous experiments upon the stomach, gives a description of

two new operative methods. The main object of Pavvlow's new

operation is to secure gastric juice for physiological purposes by

preparing an accessory stomach in such a way that the secretory

fibres of the organ shall not be injured, that the juice can be

obtained in a pure state, that is, without admixture of food, and

yet the glandular apparatus be stimulated from the interior surface

of the gastric mucosa as it is under normal conditions.

This operation has proved very difficult even in the hands of

skilled abdominal surgeons, and when performed under perfect

aseptic technique. The animals do not, as a rule, die from infection
;

they seem to die from the [irolonged etherization. The object of the

reporter was to devise an operation accomplishing the same purposes

as tliat of Pawlow, and yet capable of a more rapid execution because

of greater simplicity in plan. An incision is made almost along the

same line as the original incision of Pawlow, but the object of this

incision is not to divide the stomach into two parts, for it is only

carried through the anterior wall of the stomach. (Pawlow's incision

goes through the anterior and posterior wall.) The object of my in-

cision is simply to enable the operator to push the mucosa of the stom-

ach out through the line A /? (Fig. l) by invaginating the fundus or

greater curvature through it. Next an incision is made only through

the mucosa in a semicircular way, from the greater curvature at C to

the greater curvature at D, going about as high as the lower third

' I'AWi.ow : Kigebnissc iK-r I'liysiologie, Erster Jalirgang, I A))t p. 258.
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of the stomach, or one-third of the distance between the greater

and lesser curvature, along the line F E G (Figs. 3 and 4)- The

Figure \.— A B, line of I'awlow first

incision. C, vagus and anterior

gastric plexus. D, vagus and poste-

rior gastric ple.xus. £, esophagus.

Fk-.uue 2.— Effect and appearance after

ftrst incision according to Pawlow. Tlie

lines AB, A"B, and £>B are closed by

sutures. The accessory stomach is made

out of the part enclosed by letters BC,

DE. The stomach is made into two

compartments by sewing together two

layers of mucosa after they are dissected

loose — along the dotted line BC.

incision -oes through the mucosa only ; the mucosa then is very

slightly dissected off on either side of the incision not more than is

necessarv in order to catch hold of it with the forceps, for the pur-

Figure 3. I'awlow 's origin operation. — A,

Line of sutures. A, abdominal wall. The

dotted lines represent mucosa.

Fuu!RE 4.
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pose of getting sutures through the cut ends of the mucosa. The

incision is made both on the anterior and posterior walls of the

stomach. As far as possible the incisions must be parallel to each

other, so that when the semicircular incision on the anterior wall is

approximated to that on the posterior wall of the stomach, they

coincide exactly. These two incisions are next united by silk sutures

beginning at the point Con the greater curvature, and making sure

FinrRF. 5. — G, fistula on anterior abdominal

wall.

FiGURK 6.

that the angle of the pouch is tightly walled oft" from the greater

part of the stomach by the sutures at this point C. The sutures are

then carried along the semicircular incision from C Xo E \.o D. In

this wa\' the anterior and posterior walls are united by an inner row

of silk sutures, which are inserted no deeper than the muscularis

mucosas. This has to be done by pushing the part of the greater

curvature (6" E D in Fig. 4) through the incision A B. When
the anterior and posterior gastric walls are thus united along the

lines C E D and C" E" D", a circular pouch is formed (C E D G,

in Fig. 4), separating this part of the stomach from the rest.

Next the opening in the anterior gastric wall along the line A B
is closed by sutures, a fistulous opening is made at G, and this point

attached to the external abdominal wall as in Pawlow's method. On
cross section of the stomach along the line F G (Fig. 4) the appearance

of the main and accessory stomach when viewed from the fundus

would be as rej^resented in Fig. 6. The question might be asked,

what becomes of that part of the large incision through the mucosa

which faces the smaller or accessory stomach along t to E \.o D on
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the inner side of the accessory stomach, because no mention has

been made that this is closed by sutures. In most of my animals

I have permitted it to take care of itself, for it heals within eight to

ten days, as subsequent opening of the gastric cavity at this point

has proved. The secretory fibres of the vagus are not injured in this

operation, which is simpler of execution, requires less time than the

Pawlow operation, and accomplishes all that this operation aims at.

A difficulty met with constantly in all animals thus operated on is the

erosion and autodigestion of the skin around the abdominal opening.

This untoward complication is due to the proteolytic effect of the

gastric juice and to pressure by the rubber tube or cannula used to

establish an outlet from the experimental accessory stomach. If the

dog is permitted to lie down, there will be still larger erosions,

because the abdominal integument comes to rest in a pool of

escaped gastric juice.

Two things are of great assistance in this difficulty: one is the

support of the animal by two broad bandages passed under the thorax

anterior to the fistula and under the abdomen posterior to the same,

fixino- the dog to an upright holder so that he cannot lie down.

The animal becomes reconciled to the holder and bandages in a tew

days and learns to rest and sleep in this fixture. If other animals are

in the same room, the dog operated on must be blindfolded, because

the secretion of gastric juice is notably influenced by psychic pro-

cesses, caused by actions of the experimenter and the behavior of

•other animals.

Another helpful factor is the dressing of the integument around

the abdominal wound during the entire time in which the animal

is under actual observation, that is, during the hours when juice is

collected and even during the hours of rest. The main object of

this dressing is to render the gastric juice inert and at the same

time to protect the surface of the skin. After testing a number

of substances as dressing powders I finally settled on simple zinc

oxide made alkaline with sodium bicarbonate, — about one part of

sodium bicarbonate to five parts of zinc oxide. During the hours

of rest this powder is applied liberally all around the cannula or

rubber discharge tube. Hut during the hours of collection of juice

care must be had lest some of the alkaline powder fall into the

collecting bottles and neutralize the juice. It had best be wiped ofif

by a little absorbent cotton before the bottle is applied. While the

juice is being collected it rarely spreads to the surrounding integu-
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mcnt and the dressing is not so much needed then. It is in the

intervals between the periods of actual collection and study that the

oozing of gastric juice causes the cutaneous erosion. Iti sewing

the experimental accessory stomach to the abdominal intei;ument,

the gastric juice at times penetrates along the silk sutures into the

depths of the skin. All these stitches must therefore be sealed

by an alkaline collodion reapplied daily, and no experimental work

undertaken until healing is complete. The manner of feeding

the animal during this period is described in Fawlow's original

publication.'

' Loc. cii.



THE RELATION OF OPTICAL STIMULI TO RHEOTAXIS
IN THE AMERICAN LOBSTER, HOMARUS

AMERICANUS.

Bv PHILIP B. HADLEY.

[From the Biological Laboratory of Bro-wn University and the Experiment Station of

the Rhode Island Fish Commission.]

I. Introduction.

THE older theories regarding the cause of the orientation of ani-

mals in currents of water and air have taken into account only

the possible factor of pressure. The most important generalizations

upon this subject are from Verworn and Radl, and are mentioned by

Lyon 1 in a paper whose object is to introduce, as a possible cause of

the rheotactic reaction in some animals, three factors : a true sense

of the unequal pressure in different portions of the environment;

a certain variety of contact irritability ;
and a purely optical stimulus.

The older conception of rheotaxis as given by Radl may be seen

in the following quotation from his work, " Untersuchungen iiber

den Phototropismus der Tiere," mentioned by Lyon. Speaking of the

Ephemeridse, Radl says :

" They react very sharply to a gentle current of air, turning the head

toward the current of air, but without leaving the place in which they

are floating. The air current acts by e.xerting pressure on the body

surface of the animals, and evidently tends to draw the body into the

direction taken by it. On the contrary, the fluttering wings strive

to lift the body upward and forward. The points of application of

this force, lifting the body, and the force of the air current need be

only very slightly separated ; and a force couple will result that will

rotate the body until the two forces, the muscle force and the force

of the air current, draw the body in opposite directions. . .
.

" It is easy to pass from the rheotropism of the Ephemerida; to other

' Lvon; This journal, 1904, .\ii, p. 149-
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analogous phenomena of rheotropisni. It will everywhere be found

that the pressure of the air currents acts as one force, and contraction

of the muscles as the other."

Some writers, as Verworn, make use of the collective term baro-

taxis, and include under this head stereotropism, geotropism, and

rheotropism, assuming that all the reactions included in these groups

are the result of pressure. Rheota.xis. according to Verworn's defini-

tion, is that form of barotaxis "in which the stimulus is produced by

a gentle current of flowing water." "This," Verworn continues, " is

the peculiarity belonging to certain organisms of taking toward flow-

ing water a direction of motion opposed to the direction of the

current. Since these organisms thus turn toward a pressure stimu-

lus, rheotaxis is merely a special form of positive barotaxis."

With such a criterion of rheotaxis in mind, this phenomenon has

been attributed to the behavior of many different kinds of animals.

Wheeler' finds, in the orientation of animals flying in the wind, a

certain form of rheotropism which he calls anemotropism, and which

he discusses as follows:

" It requires but a moment's consideration to see that anemotropism

is only a special form of rheotropism. . . . The only difference lies in

the fact that the insect reacts to a gaseous, the fish and myxomycete

to a liquid current. In both cases the organism naturally assumes

the position in which the pressure exerted on its surface is symmet-

rically distributed, and can be overcome by a perfectly symmetrical

action of the musculature of the right and left sides of the body.

Such explanations of rheotropism as these which have been men-

tioned bring it at once into the field of the motor reflex theory upon

which rests the theory of tropisms as it is still held by many investi-

gators. According to this view, certain reactions in animals result

from the unequal stimulation of opposite sides of the body, and pro-

duce, in consequence, a turning either in one direction or the other.

To quote again from Verworn :

-

" Thus the phenomena of positive and negative chemotaxis. baro-

taxis, thermotaxis, phototaxis, and galvanotaxis, which are all so inter-

esting and important in all our organic life, follow with mechanical

necessity as the simple results of differences in biotonus which are

produced by the action of stimuli at two different poles of the animal

cell."

1 Wheeler : Archiv fiir Entwicklungsmeclianik, 1899, viii, p. 373.

^ Verworn: General pliysiology, 1S99, p. 503.



328 Philip B. Hadley.

And again :

"They [the tropisms in general] depend, first, upon the specific

irritability of certain dements of the body surface; and, second, upon

the relation of symmetry of the body. Symmetrical elements at the

surface of the body have the same irritability; unsymmetrical ele-

ments have a different irritability. . . . These circumstances force

an animal to orient it.sclf towards a source of stimulus in such a way

that the symmetrical points on the surface of the body are stimulated

equally. In this way the animals are led, without will of their own,

either toward the source of the stimulus or away from it."

A certain departure from the view of rheotaxis which these theo-

ries of the tropisms demand, has been made by Lyon, who suggests

that the rheotactic responses of many kinds of animals may be partly

due to optical stimuli. His conclusions in the matter may be stated

as follows :

1. In rheotropism the chief element of stimulation is the environ-

ment, not the current. The current is responsible for the orientation

only in so far as it causes a relative motion beween the fish and Us

environment.

2. Contact between fishes and stationary objects in their environ-

ment may produce an orientation. This, however, is due to the

action of the current in sweeping the fishes past stationary objects.

3. Relative velocities of the medium in different parts of the

environment may cause orientation. Here the case is similar to the

above; for, if a part of the medium moves while another part is at

rest, the sensation to the fish is probably similar to that derived from

the contact with solid objects.

'Having now examined these sources, we may assume that rheo-

taxis is a form of behavior found in very many animals, and is, in all

cases, in some way connected with the movement of an environment

with relation to the position of the animal in that environment. At

the present stage of our inquiry we cannot vouch for more than this

fact. Thus, without entering into a further discussion of this point,

it is the purpose of the writer to introduce the fact that certain of t\}e

free-swimming stages of Homarus manifest the phenomenon of

rheotaxis in a high degree, and to present the records of a few

experiments which show to some extent the relation of optical

stimuli to this mode of behavior.
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II. Procedure.

The normal swimming of the lobster. — It may be of some advan-

tage to consider, tirst, the methods of swimming of the lobster in its

early stages of development. On a basis of morphology and behavior

alone, the life of the lobster may be divided into three periods : {a) the

first three stage periods (the larval stages) ; (b) the fourth stage period,

which is the characteristic free-swimming period
; {c) all later stages.

During the first period the swimming apparatus consists of the exo-

podites of the thoracic appendages which beat the water with short

vibratory strokes. If the appendages are extended (forward), the

stroke of the exopodites becomes forward and downward, and the

resulting motion of the larval lobster is upward and backward.

When, however, the thoracic appendages are contracted (directed

posteriorly),' the resulting motion of the young lobster is forward and

upward. The progressive movement of the lobster in the first three

stages is almost wholly dependent upon these two methods of swim-

ming, together with their concomitant variations, which are more or

less subservient to varying conditions of temperature, light, and other

environmental factors. Bodily conditions (physiological states), so

far as they influence the manner of voluntary swimming, are not of

consequence at this period of the lobster's life; and for this reason

no evidence of rheotaxis is observable in the behavior of these stages

in the life of Homarus.

When, on the other hand, we come to consider the behavior of the

fourth stage lobster, the condition is different. The swimming appen-

dages, characteristic of the first three larval stages, have been lost in

the recent molt. The swimmerets, however, on the under side of the

abdominal segments, are now functional in a high degree, and upon

their use is dependent the forward swimming of the lobster in this

stage. He now swims with directness and purpose, usually near the

surface of the water,— a phenomenon which may be determined by
the influence of light, or, more probably, by a food-seeking impulse.^

'• The writer hopes at a later date to consider the relation between the photo-

tactic responses of the larval lobster and the degree of extension or flexion of the

thoracic appendages.

" In a series of experiments the full results of wliicli will be published at a

later date, the writer has learned th.it, if clam juice be introduced through a glass

tube into the bottom of a cylinder where a group of fourth st.ige lobsters are rest-

ing, there is an immediate flocking to the surface, where active swimming is main-

tained for some moments, in spite of the fact that there is no trace of clam juice or

other stimulating agent in this area.
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Preliminary observations on rheota^is.- When the writer's atten-

tion was first directed to this subject by Dr. A. D. Mead at theW.ck-

ford Hatchery of the Rhode Island Fish Commission, it was apparent

that a very slight current of water in the large hatching-bags would

initiate a marked rheotactic reaction on the part of the fourth stage

lobsters and. further, that this response appeared to be more definite

bv ni-ht than by day. It was further noted that this rheotactic reac-

tion was more strongly evinced in the earlier part of the fourth stage

period, and that in the later part of this period and in the succeeding

fifth stage the bottom-seeking tendency on the part of the confined

lobsters often obscured further manifestation of the rheotactic phe-

nomenon. A favorable opportunity was soon presented at the Wick-

ford Fxperiment Station to study the rheotactic proclivity of large

numbers of lobsters, in all stages, in the large canvas hatching-bags

where they were confined. In these bags, which were twelve feet

square and about four feet deep, the movement of a paddle, revolving

on a shaft at the bottom of the bag, served to create a constant cir-

cular current in a clockwise direction. In many of these bags in

which the eggs were hatched, the young lobsters were raised to the

fourth or sometimes to the fifth stage; and in all these series there

could be observed the modification of the swimming process as the

young lobsters slowly passed on from stage to stage. In the tirst

three stages the swimming was always uncertain and desultory, though

in the third stage lobster there could often be observed a slight ten-

dency to retain better the equilibrium in the water.

By the time that the first few individuals had molted into the fourth

stage, however, one could observe distinctly the contrast between the

methods of swimming in the third and fourth stage lobsters While

the third stage individuals were borne along unresistingly in the

strong circular current, the fourth stage lobsters, on the other hand

reven within a minute after molting into this stage), would turn

directly, head to the current, and maintain their swimming in this

direction so actively that, if the current was not too strong they

would often make some headway against it. This characteristic

„,anner of swimming was evinced in an ever-increasing ""-b^>- °f

lobsters, until the whole body of them had passed into the fourth

stage- and then it was a most interesting sight.to observe the young

animals, with hardly an exception, heading into the current, and. as

one great phalanx, following their circular course, -but, because

the force of the current, backwards.
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In this instance, just as in the case of fishes swimming in the cur-

rent of a stream, we find the lobsters themselves suspended in a body

of water which is moving at a certain rate and in a circular course

about the central paddle shaft. The question here arises, Is the re-

sulting orientation of the lobsters the result of the pressure of the

water? The discussion of this question may for the present be

deferred, for we are not now able to state to just what extent water

pressure may be responsible for the orientation of the lobsters in the

large hatching-bags. We may, however, call further attention to some

of the actual conditions of the manifestation of this phenomenon. It

can be noted that the rheotactic response is observable both by night

and day, but is possibly more definite at night (a fact which, to say

the least, does not favor the view that the reaction is due to an opti-

cal stimulus). Moreover, when the reaction-is temporarily interrupted

by the introduction of obstructions, or by creating other currents in

the bag, the rheotactic response is manifested again directly, as the

cause of the interruption has ceased and the primary current again

comes into force. It may be noted, further, that light under certain

conditions may modify in a great degree the nature of the rheotactic

response. In daylight one could observe that the definiteness of the

reaction was greater when, in the course of the revolutions about the

central shaft, the lobsters came into a shaded area, as, for instance,

the shadow of the gearing or of the framework of planks surround-

ing the bags. In passing suddenly from such a shaded area into

the bright sunlight (and especially if the head be turned in this

direction), the reaction might be momentarily lost until the lobsters

iiad passed on into another shadow, or liad come into such a posi-

tion that their heads were no longer directed toward the brightest

light.

These observation's, made upon the lobsters in daylight, were

further supplemented by others made during the twilight and dark-

ness, when, no matter what traces of desultory swimming might have

been evinced during the day, the rheotactic reaction was most defi-

nitely manifested. It was furthermore determined that, just as the

definiteness of the rheotactic reaction during the daytime might be

lost temporarily by swimming from shadow into full light, so might the

reaction at night be modified or totally annihilated by introducing, at

various angles to the current, the intense rays from an acetylene

light. No matter at what angle the pencil of rays was introduced,

one result followed : the annihilation of the rheotactic reaction as a
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result of the effort to swim in the direction of the most intense rays

of light.i
.

Somewhat later, as the group of fourth stage lobsters molt mto the

fifth stage, the definiteness of the rheotactic response is dmiinished

until at last, when the fifth stage has been reached by all the indi-

viduals, there are none left to manifest any swimming tendency

whatever Thus there comes and disappears in the life of a lobster

the "swimming stage," and with it the very definite rheotactic

reaction.

It was these observations that led the writer to make some attempt

to discover whether or not an optical stimulus might produce the

so-called rheotactic response in the fourth and later stage lobsters

Apparatus. —The apparatus for the experiments consisted of (i) a

glass dish for confining the lobsters, and (2) a mechanical device for

rotatin- a visual field, or, as we shall hereafter speak of it, the " en-

vironment," around the lobsters, which were placed in the dish men-

1 Thus as tlie writer has explained in another paper (Hadley: Rhode Island

Fish Commission Bulletin No. 25, 1906; also, Science, .905, xxii, p. 675), we may

observe the following modifications in the rheotactic reactions of the fourth stage

lobsters, due to the direction in which tte light rays strike the water-course m which

the animals were swimming:
, j »•

, If there is no current in the bag, and the pencil of rays is introduced verti-

callvinto the water, the lobsters gather in the illuminated area and tend to sw,m ,n

the'direction of the light rays toward the source of illumination (
The fifth or

later stage lobsters, and sometimes even the late fourth stage, will not gwe thus or

the following reactions.)
. j . 1 .

. If the current is in motion, and the pencil of light is introduced at right

ancles to the direction of the current, the lobsters tend to swim in tangential lines

to die current, or .so that they move as nearly as possible in the direction of the

incident rays of light. .

,

3 If the pencil of light is so introduced that the rays stream opposite to the

direction of the current, the definiteness of the rheotactic response ,s, ,f possible,

accentuated. . . „^ j;

4. If the pencil of light is so introduced that the rays stream in the same di-

rection as ,or tangent to) the direction of the current, the rheotactic reaction in

the illuminated area is broken because of the fact that the lobsters '"- '" ;>^e -r-

rent, swim with it, and tend to approach the source of illumination
;

^1 ^o"g'^- "

so doing, the fore of the current of water quickly sweeps tliem past the illuminated

area
;. If the source of the rays be gradually withdrawn ^^"^ '^e bag containing

the lobsters, in a "serpentine curve," in such a manner that the direction of h

as is cons'tantly changing, but at every point is tangent to the sa, cur., th

lobsters may be made to follow in the same "serpentine" path, at the same time

quite loosing their orientation to the directive influence of the current.
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tioned above. In order to keep the lobsters near the margin of the

dish, where they might be more readily influenced by the moving

environment, a second, smaller dish, filled with sand, was placed

within the first, thus forming

Figure 1.— Side view of device used

for rotating an environment around

the lobsters. A, rod from which

glass dish is suspended; //''repre-

sents section of circular path about

inner glass dish ; .S' represents sec-

tion of glass dish containing sand,

placed within the larger dish ; K
represents the cardboard cylinder

placed over the drum (/J), and con-

taining the "windows" (C'). J/

represents the direction of rotation

of the environment.

a ring of the outer portion of the

larger receptacle. In this ring the

lobsters might travel in either direc-

tion,— clockwise or counter-clock-

wise (Figs. I and 2).

The device used for rotating an

environment about the lobsters, con-

fined as described above, consisted

of a modified kymograph, so ar-

ranged that the speed could be reg-

ulated at will. For the environment,

Figure 2.— Top view of the device used for

rotating an environment around the lob-

sters. E represents the outer cylinder of

cardboard (the environment) ; W repre-

sents the circular path around the inner

glass dish (S) tilled with sand; Crepresents

the " windows " in the cardboard disk un-

derlying the !)Ottom of the larger glass dish

;

L represents the direction of the incident

light rays striking the dish; O represents

the obstructing objects which determine

the direction of the light striking the dish ;

A' represents the direction of the rotation

of the environment.

a cylinder of cardboard, containing at the upper end longitudinal

slits ("windows"), was placed over the drum so that it would

revolve with it; this cylinder also projected two inches beyond the

top of the drum so that within this projecting portion might be
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suspended the dish containing the lobsters. This dish was so hung

that the bottom was one-eighth of an inch above the top of the drum

the projecting cardboard extending a slight distance above the top of

the dish (Fi- -). Furthermore, a disk of cardboard, slitted radially,

was placed o^ver the top of the drum and beneath the bottom of the

suspended dish, in order to afford a moving environment beneath the

lobsters.
, , ,

By means of this contrivance it is clear that, when the drum was

set in motion, the cardboard cylinder surrounding the suspended dish

would rotate; and likewise the card disk beneath the dish. Thus,

from the standpoint of the lobsters, although the water in which they

were swimming was absolutely motionless, the environment on both

the side and bottom would be continually moving in the direction ot

the rotating drum,— in this case, counter-clockwise.

Method of recording results.- In the greater number of experi-

ments, the reaction of 5 or 10 individuals was tested at the sariie

time. These lobsters were placed in the circumscribed area of the

dish and this dish placed directly over the drum and within the

cardboard cylinder. The lobsters were then allowed ten or fifteen

minutes to become acquainted with their new surroundings. After

this period of time readings were taken to determine whether when

the environment was not in motion, there was any appreciable ten-

dency for the confined lobsters to travel to a greater extent in a

clockwise or in a counter-clockwise direction around the central

dish These records were taken at the end of each minute for a

period of eight minutes. The first preliminary tests, while no drum

was in motion, demonstrated at once that there existed an unex-

plainable tendency for the lobsters to travel around the central dish

in the clockwise direction. Forty-eight readings in six sets of ex-

periments, each set involving the use of from 5 to 10 lobsters, showed

that while 137 individuals moved in a counter-clockwise direction, 213

moved clockwise. When it was attempted to discover the reason for

this tendency, manifested even before the drum was set in motion,

it transpired that the directive influence of the light coming from the

windows in the room where the experiments were being performed,

was responsible for this behavior. It appeared that the rays of light

comin- from the two windows on opposite sides of the dish, because

of interposed objects, struck the dish in tangential lines on opposite

sides (Fi-. 2); so that on one side of the circular compartment the

rays came from the left, while on the side diametrically opposite, they
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came from the right. Thus the direction of the light stimulus re-

sulted in determining the direction of movement of the young lobsters

(at all times away from the source of light), and compelled them

to travel in a clockwise path about the inner dish. Since it was not

possible at the time of experimentation, because of the position of the

windows, to produce a uniform lighting on all sides of the lobsters,

it was deemed best to allow the conditions to remain as they were

in these preliminary tests. For this reason, if an optical stimulus,

caused by the rotating environment, should have any directive influ-

ence upon the movement of the young lobsters, the resulting reaction

would represent not only an overcoming of the natural tendency to

remain at rest, but also a reversal of the tendency, already in effect,

to travel in the opposite direction from that of the moving environ-

ment. These conditions prevailed during the course of the experi-

ments which are now to be described.

III. Experiments.

In the first experiments wherein the rotating environment was

brought to bear upon the fourth and fifth stage lobsters, it was

demonstrated that, just as the influence of light may have both a

kinetic and a directive effect upon the behavior of the young lob-

ster, in a like manner might the rotating environment be effective

through both its kinetic and its directive influence. In case the

lobsters are at rest at the beginning of the experiment, the first

response to the rotation of the environment is a movement in

some direction, — the result of the kinetic effect. Gradually, how-

ever, the directive influence makes itself felt ; the young lobsters

respond accordingly, and manifest a tendency to move in the same

direction as tlie moving environment.

In all, seven sets of lobsters which were used for the experiments

are here to be recorded. These are sufficient to demonstrate the

general drift of the results. Of these seven sets three were of 10 lob-

sters each, the others of 5 lobsters each. Each set was given eight

successive tests, one minute apart. Besides these there were other

experiments in which the immediate physical environment was mod-

ified by placing sand on the bottom of the dish where the lobsters were

confined ; and other experiments in which blinded lobsters were em-

ployed. Either 5 or 10 lobsters were generally used for experi-

ment, for so small a number scattered over the field could be taken

in at a glance; and, furthermore, this number seemed sufficiently
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large to give representative results. In all the sets of experiments,

mo^reover, the first direction of movement, while the drum was not in

motion, was tested. The results in all the tests, as will be observed

in the following record of experiments, agree with great uniformity.

FIRST serip:s.

Ten individuals; rapidly moving drum.
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SIXONI) SERIES.

Ten individuals ; slowly moving drum.
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In this series of experiments the conditions were still further mod-

ified by diminishing the speed of the drum to 20 revolutions per

minute. The results obtained coincided more closely with those ob-

tained in the case of the rapidly moving drum ; /. r.. a smaller num-

ber of lobsters moved in the direction of the moving environment.

In spite of the slight differences which are to be observed in these

FOURTH SERIES.

Five fifth



Relation of Optical Stimuli to R/ieotaxis. 339

fourth stage lobster under most circumstances, he retreats to the

depths and attempts to hide in some shehered corner. Quite in

agreement with these modes of behavior is the fact that the response

of the late fourth stage lobsters to the moving environment was never

so definite as the reaction of the early fourth stage lobsters ;
and like-

IIKTII SERIES.

Five fikiii stage lobstkrs; slowly moving drum.
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reason we cannot interpret the actual degree of the rheotactic re-

sponse by the ratios, 21 :i9, 24:16; for in all these cases there was,

as has been said, a conflict between the tendency to move with the

rotating environment and the tendency to move away from the source

of light ; and this holds true, not for the fifth series alone, but for all

other series as well.

SIXTH SERIES.

Five early fifth stage lobsters ; slowly moving drum.
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In the sixth and seventh series of tests one change was made in

the nature of the experiment. While in Series I to V the bottom

of the dish in which the lobsters were confined consisted of clear

glass over which the lobsters crawled, in Series VI and VII, on

the other hand, the bottom of the dish was thinly covered with

a layer of sand in such quantity as to furnish footing for the crawling

SKVKNTII SKKIKS.

Five i.atk fifth stage lobsters; slowly moving drum.
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direction or the other. At no time, however, did the majority, in

any one series of experiments, move in the counter-clockwise direc-

tion ; and in the series recorded above (seventh series), it appears

that the greater number travelled in the clockwise direction. Thus

we may assume that when sand is placed on the bottom of the dish,

there is produced (always in the case of the fifth stage lobsters and

sometimes in the fourth stage) a kind of contact irritability which

modifies the otherwise more or less definite tendency to be influenced

by the moving environment. Lyon has assumed that, in the case of

fishes, under similar experimental conditions, contact between them

and points in their immediate and motionless environment may

serve to correct the false, visual impression gained from the move-

ment of the outside environment. It would appear that this ex-

planation may also partly account for the fact that the definiteness

of the rheotactic reaction is gradually diminished as the lobsters pass

on through the fourth, fifth, and later stages; for during these suc-

cessive periods contact irritability is constantly becoming of more

importance as a factor which modifies the behavior of the young

lobster. And yet, on the other hand, this contact irritabihty does

not wholly correct the false impression gained from the motion of the

environment ; for we have seen that in Series VII a certain propor-

tion of the lobsters which formerly were headed in the clockwise

direction came either to head or to move in the opposite direction,

although the orientation of the majority was not changed.

By the time the lobster has entered the si.xth stage the bottom-

seeking habit has become so well grounded that the free swimming,

so cha'^acteristic of the fourth stage lobster, is rarely indulged in;

and in consequence, although the lobsters are strongly influenced by

the rays of light, the motion of the environment no longer has the

power to stimulate a movement in the counter-clockwise direction
;

and it may, moreover, even give, through its purely kinetic effect, an

initiatory stimulus which results in a movement in the clockwise

direction. It is perhaps unnecessary to state that in the case of the

blinded lobsters no reaction took place, either to the movement of

the environment or to the incident rays of light.

IV. Summary.

I. Under proper conditions of stimulation, rheotaxis is shown in

a marked degree in the behavior of Homarus, and is first and most
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strongly evinced in the fourth stage in the lobster's development.

As contact irritability assumes greater importance in determining

the behavior of the lobster beyond the fourth stage, rheotaxis is

gradually lost.

2. The rotation of an environment, at an optimum rate, about

a dish containing fourth or fifth stage lobsters, may have two effects:

(I) the kinetic effect, to stimulate the lobster to some reaction
; (2)

the directive effect to cause the lobster to move in the direction of

the moving environment. In other words, we may say that the so-

called rheotactic response in Homarus may be initiated as the result

of a purely optical stimulus. (This does not, however, preclude the

possible effect of pressure or contact irritability, which may, in some

cases, be operative in bringing about the final orientation of the

lobster.)

3. The manifestation of the rheotactic reaction which would other-

wise occur may be prevented, modified, or wholly annihilated by

introducing other stimuli such as light, changes in the physical en-

vironment, etc. If the light be weak, the tendency to manifest a

rheotactic reaction may overcome the tendency to respond to light.

If the light be intense, or introduced suddenly, the rheotactic re-

sponse may give way to the phototactic.



THE MAINTENANCE OF CEREBRAL ACTIVITY IN

MAMMALS BY ARTIFICIAL CIRCULATION.

By C. C. GUTHRIE, F. H. PIKE, and G. N. STEWART.

[Fivm the Hull Physioloi^ical Laboratory of the University of Chicago.']

IN a former paper we ' endeavored to fix the limits within which the

central nervous system of mammals may, after temporary anaemia

produced by ligation of the head arteries and consequent loss of

function, be restored to activity when the ligatures are removed.

The experiments reported in the present paper were begun as a

preliminary series to those already published. One object was to

determine whether any solution other than the animal's own blood

would sustain any degree of cerebral activity. After working out the

limits within which the normal circulation of the animal's own blood

was effective, it became an interesting problem to investigate the

maintenance of activity or the resuscitation of the brain of a decapi-

tated animal by circulating through it, under the best possible condi-

tions, the blood of another animal of the same species. The best

possible conditions were considered to be fulfilled when the cerebral

vessels of the decapitated head were anastomosed by suture directly

to the corresponding vessels of another animal of the same species.

Previous Work.

Gies 2 investigated the irritability of the brain during anaemia pro-

duced by perfusion with solutions of pure sodium chloride, Ringer's

solution and modifications of it, Schiicking's solution, rabbit and

horse serum, and 0.7 per cent sodium chloride solution containing

paraxanthin or " chloralbacid " (a chlorine compound with albumin).

In toads all reifexes persisted for some time, e.g., six and one-fourth

hours for respiration when the animal was perfused with 0.6 per cent

1 Stewart, Guthrie, Burns, and Pikk: Journal of experimental medicine,

1906, viii, p. 2S9.

' Gies: This journal, 1903. ix, p. 131.
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sodium chloride solution. In cold-blooded animals the various func-

tionsceased in the following order: ( i) respiration, (2) skin reflex,

(3) lid reflex, (4) nose reflex, and (5) heart beat. In warm-blooded

animals, which, however, are only incidentally alluded to, the order of

cessation was: ( i) lid reflex, (2) respiration, (3) nose reflex, and

(4) heart beat.

A number of other attempts, all of which were unsuccessful, have

been made to maintain the activity of the reflex nervous centres of

animals by perfusion with solutions of inorganic salts of the blood.

Ries,^ the latest investigator in this line, was unable, working with

frogs, to find any such solution. Perfusion with rabbit's serum re-

vived the centres after they had lost their irritability following perfu-

sion with the inorganic salt solutions.

Laborde^ was the first to perfuse the isolated human brain, using

the heads of decapitated criminals and the blood of dogs and oxen.

In one case, that of the criminal Gagny, he connected by glass tubes

the left carotid of the head with the corresponding carotid of a vigor-

ous dog, and into the right carotid of the head he injected defibri-

nated ox-blood. The head of Gagny was received about the seventh

minute after decapitation. Cannulas were adapted to the cerebral

arteries in about ten minutes more. The perfusion was begun about

eighteen minutes after decapitation. Stimulation of the Rolandic

area of the cerebral cortex, which meanwhile had been laid bare,

caused movements of the orbicularis palpebrarum muscle, of the eye-

brows, the supra-orbital portion of the frontal muscles, and the ele-

vators of the jaw,— phenomena which persisted fifty minutes. Of

his fifth perfusion (that of the head of Heurtevent of Caen) Laborde

says that the results were absolutely negative as far as the}' concern

the restoration of excitability of the cerebrum. In no case did

Laborde get any return of voluntary movements.

Hayem and Barrierc'' decapitated dogs and perfused the head with

defibrinated blood in five experiments, and entire blood in seventeen

experiments, using bottles filled with blood of horses and dogs for the

purpose. The entire blood gave the more satisfactory results. Their

conclusions were: (i~)The corneal reflex disappears before the last

res])iratory movement. (2) The head then becomes completely inert

and the pupils dilate, with tlefinitive death. (3) Resuscitation occurs

' RiF.s : Zeitschrift fiir Biologie, 1906, X. F. x.\i.>c, p. 279. Full literature.

- Lauordk, cited by Hayem and Uakriere, q. v.

' Hayem and Hakriere: Archives de physiologic, 1S87, p. I.
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when the perfusion is made without delay. (4) But, to give satisfac-

o V resuhs the perfusion should be done with oxygenated blood at

;?a;;:tiperature and pressure, and ^^ould be suffic.ent.^^p.o^

and prolonged. (5) Resuscitation was possible onls for xer>

intervals under any conditions.

References to other work are given .n our former paper.

An kL of our own observations will most eastly be conveyed by

pretnUng the condensed protocols of three selected experiments.

"^^'1:^/-d;:"" r'E£:"Tracheoto.>.. Cannula .r in.ctu.

.a ;: Lot's' iuti^n in jugular vein ;
connected -^'^ l-^^^^

Cannula for bleeding in femoral artery. 400 c.c. to 500 c.c. of

^"'bouIToo cc of Locke's solution adjected f^rst time. Then alternate

bletS: i:;.^ection of Locke's solution until one H- bad t^n n.ect^

Corneal reflex still present when injection was stopped, reflex continuea

forTperiod of a few minutes during which no fluid was withdrawn or

'"^

A tcond period of bleeding and injection of Locke's solution followed.

Cotral r^x disappeared. Then great dyspn.a and Jep
resp^^^^^^^^^^

Heart stopped in twenty-five minutes from beginning of first bleeding

Flatdil'ping from femoral cannula still contained a fair number of red

TocS'T'solution, even when mixed with a considerable proportion of

th^anmial's own blood, did not maintain the corneal reflex for any length

of time.

Fxteriment N. — With defibrinated blood.
"^

Pup. Ether. Blood obtained from a dog on t e 1--- da)

had been defibrinated and kept on ice for twenty-tour hours. Used for

artificial circulation through brain of pup.

i:'.. M. Tied right subclavian artery and vein. Artificial respiration.

1 , .26 A. M. Tied aorta and put cannula in central end.

II -8 \. M. Tied inferior vena cava.

;!.38 \. M. Put cannula into inferior vena cava toward heart, running

it up into auricle. Corneal reflex present.

,g . u. Tied heart in auriculo-ventricular groove, omitting the

great' eins, and immediately began artificial circulation from a pressure

bottle with the defibrinated blood prepared. Strong movements of head,

„e k and jaws, with gasping movements like dyspnoea, although defibri-

; ed blood is circuirting freely. (The blood in the tubing and cannula

may not have been well oxygenated, but that m bottle was.) Tested
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corneal reflex repeatedly and found it well marked. There were also

voluntary movements of eyes when administration of anaesthetic was

reduceil. Pupils contracted.

11.47 A•^'• Corneal retle.x very feeble in right eye: good in left eye.

Spontaneous respiratory movements ceased at this time.

1 1.48 A. M. Corneal reflex absent in both eyes. Pupils strongly con-

tracted. Tried for light reflex several times in last few minutes, but could

not be certain of its presence.

Stimulation of vago-sympathetic nerve in neck caused dilation of pupil

of right eye until 12.10. of left eye until 1.22. Corneal reflex was main-

tained for about nine minutes.

Experiment 12. — \\'ith entire blood and vascular anastomosis.

Two dogs, one somewhat larger than the other, were etherized. Tra-

cheotomy. The peripheral ends of the carotid arteries and internal jugu-

lar veins of the smaller dog were anastomosed to the corresponding

vessels of the larger dog by Cairel's method.' The skin flaps from the

neck were then sewed together.

4.35 p. M. Now severed head of small dog from body with exception

of backbone.

4.36.30 p. M. Now severed backbone and spinal cord of small dog in

lower cervical region, completing decapitation. Respiratory movements

ceased. No corneal reflex because of deep anaesthesia.

4.40 p. M. Respiratory movements of nostrils and mouth of trans-

planted head began ; rate about 35 per minute. Good gasping move-

ments and good corneal reflex. Pupils at nearly maximal dilation.

Respiratory movements of transplanted head soon fell to 20 per minute.

Administration of ether to pumping dog now temporarily stopped.

4.43 p. M. Winking movements of eyes of transplanted head apparently

a little in advance of respiratory movements, but of same rhythm.

4.46 p. .M. Winking less rapid than respiratory movements of trans-

planted head ; well-marked corneal reflex.

4.47 P. M. Pupils at half maximal dilation in transplanted head. Again

gave ether to pumping dog.

4.51 P.M. Tried for light reflex on transplanted head; probably not

present, but could not be certain.

4.52 P.M. Respiratory movements stop in transplanted head. Ether

to pumping dog stopped, but there is considerable dyspncea.

4.53 p. M. Carotid artery to transplanted head clamped ; respiratory

movements started in head. No ether to pumping dog.

4.5s p. M. Gasping movements of mouth, winking, twisting of trans-

planted head.

' Carrel: American medicine, 1905, x. p. 2S4.
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4 =^.to p. M. Respiratory movements, 20 per minute in both h.a<l..

4.57 P.M. Piece of meat pushed down throat of transplanted head

'""c"oTfM. Pupils of transplanted head smaller than at last observation.

5^07 p'.M. No corneal reflex in transplanted head. Pumpmg dog

breathing very slowly.

5.08 P. M. Artificial respiration for pumpmg dog ;
no reflexe.. Gasps

in transplanted head.

r 08 45 P. M. Powerful gasp by pumping dog.

; 10 P M. Transplanted head had lost all signs of activity.

5. , 2 P. M. Thorax of pumping dog opened ;
heart practically stopped.

5.13.30 P. M. Massage of heart of pumping dog.

r 17 p M. Movements of tongue of pumping dog.

5.\9 P. M. Blood circulating in tongue of transplanted head; eye no

'T--
-'

Experiment concluded. Pumping dog killed with ether.

To summarize the chief results of Experiment 12: Winking move-

ments were observed for about nineteen minutes. Corneal reflex

maintained for twenty-seven minutes. Respiratory movements per-

sisted for about thirty minutes and were sometimes synchronous in

both dogs. Swallowing movements and winking were well marked

indicating a considerable degree of activity of some at least of the

cerebral and medullary centres.

General Summary and Conclusions.

We conclude, from a consideration of the above data, •( 1) that solu-

tions of the inorganic salts of the blood are totally inadequate to sus-

ain the activity of the brain including the medulla oblongata, eUhe

as regards reflex or voluntary function. Even when mixed with a

considerable proportion of blood, these solutions are inadequate_

(.) Defibrinated blood, circulated by means of a pressure bottle

maintained the activity of the reflex centres and also of the cortical

motor centres for short periods, up to eight or nine minutes

(3) The circulation of properly oxygenated entire blood through

the isolated brain under the best possible conditions attainable re,

when the isolated head was supplied with blood from the circulation

of another animal of the same species, maintained reflex and even

voluntary activity of the higher nervous centres for considerable

periods Voluntary movements persisted for about nineteen minutes.



Maintenance of Cerebral Activity in Mammals. 349

corneal reflex for twenty-seven minutes, and respiration for thirty

minutes.

(4) An unbroken connection between the brain and lower part of

the spinal cord is, therefore, unnecessary for maintaining at least

some of the medullary and cerebral centres. Suitable nutritive con-

ditions are sufficient.

It is uncertain whether any significance should be attached to the

synchronism of the respiratory movements of the isolated head with

those of the pumping dog, which was sometimes observed. It has

been shown ' that the blood pressure of an animal modifies the rate

and character of its respiratory movements. These movements are

slower and deeper during low blood pressure than during high pres-

sure. The synchronism observed might be thought to indicate that

the condition of the blood and the pressure at the moment were more

important factors in determining the rate of discharge of a given

respiratory centre than any inherent property of the centre itself. It

is possible, of course, that the synchronism was merely a coincidence,

and therefore indicates nothing as to the influence of the state of the

blood upon the centre.

' Guthrie and Pike: This journal, 1906, xvi, p. 475.
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If one puts a few of these animals in a dish of sea water, they swim

around for a little while and then sink down to the bottom of the

dish, where they lie on their sides at rest. In this position the heart

can easily be seen, and its rate taken, with a stop-watch, by direct

observation.

The animals which came into the laboratory were from two to

three centimetres long. Four of them were put into separate dishes

containing each about a half litre of sea water. The temperature of

the water in all the dishes was the same. After a few minutes, while

the animals were resting, counts were made of the heart beats and

recorded. The animals vvere later transferred to other dishes of sea

water having a higher or a lower temperature. In a few minutes

counts of the heart beats again were made and recorded, and so on.

It was at once seen that at room temperature there was little

individual variation of heart rate. However, the animals were ex-

posed to each temperature for about half an hour, during which time

many counts were made on each specimen.

The average rates of all these observations for the different in-

dividuals, at the various temperatures tried, are as follows:

Specimen
^^ j^o
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The average coefficients are

:

3.1 1.9 2-8 3-° '-^

From the table of coefficients (quotients) above, it will be seen

that the individual variation is from 1.7 to 3-5. and that the varia-

tion of the average coefficients for different temperatures is from

1.8 to 3.1. The average coefficient for all temperatures of the expen-

ments is 2.52. n 1. PK„ii;r

It was concluded, therefore, that the heart of the mollusk, 1 hylhr-

rhoe. is influenced by temperature in the rate of its beat at a velocity

similar to that for a chemical reaction.^

The Rate of Heart Beat in Ma.a verrucosa as influenced

BY Temperature.

Durin<. the past season experiments were made on the influence of

temperature upon the isolated hearts of a crustacean, Maia verrucosa

Preliminary tests were made to determine the constituency of a

salt solution in which the heart of this animal, after removal fron.

the body, would live longest. A solution similar to that employed by

Rogers' was finally selected. The chief difference in the two solu-

tions is in the concentration. The solution used for Ma.a verrucosa

hearts was | molecular. The number of parts by volume,-

NaCl . . • 1 00.0 MgCl,
. . •

7-S

KCl ... 2-2 ^%^0, ... 3-8

CaCl, . • 3°

Filtered sea water to which was added a slight amount of calcium

chloride (I c.c. to 100 c.c. of sea water) was also found to be equally

as good as the artificial solution.

The heart of Maia verrucosa is a delicate organ, averaging about

I cm. in horizontal diameter. Unless great care is exercised in

removing it from the body, the heart comes to a standstill from which

it does not recover. In no case could the rhythm be maintained

much more than an hour.
, , , ^^

On account of the extreme frailty of the tissues, the heart was not

1 For complete reference to this literature see my former paper, loc. ri/.,

"""'^'roLs, Chaules (;.: Journal of experimental .oology, .904. H, p. 237.

The concentration of Rogers' solution was ^\ mol.
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usually attached to a lever, and so few records were taken on the

kymograph. The slow rate of the heart beat, however, made it quite

easy to count the contractions by direct observation, timing them

with a stop-watch. Most of the observations were made by this

latter method.
TABLE I.

The r.iies of heart-beat of Maia verrucossa as influenced by temperature, together

with the coriesponiling IcniptMatuie coefficients.

.Number of

experin\ent.
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The data obtained were at once inspected for evidence pointing

toward chemical reaction velocity. The quotients o rates at lO or

nearly .0°. apart are shown in the left-hand column of the table below

Where observations of rates at temperatures less than lO apart

were made, the coefificient (as was done above) is roughly calcu-

lated from the data at hand for the full io°.

The quotients here are apparently high, the average of all of them

bein- -- 99. But. after all, this is just what one should expect, inas-

much as the rates are for relatively low temperatures. The experi-

ments on the P. terrapin heart showed that this quotient grew larger

with the lower temperatures and smaller with the higher tempera-

tures. In the present experiments the highest temperature at which

the Maia verrucosa hearts continued to beat was 26 ;
while m the

former experiments the P. terrapin hearts beat at a temperature as

However it will be remembered that this temperature coefficient

even in the case of pure chemical reaction velocities, -"'-' -;^';

Hoff '^ has shown, considerably. And so the velocity of heart rate of

Maia verrucosa falls clearly within the I'-'^^r f"m theatre
velocities. Therefore we are justified m concluding from the above

data that the rate of heart beat in Maia verrucosa
^^f^^]^^^

°

normal variations of temperature, increases with the temperature at

a velocity similar to that of a chemical reaction.

The R.vte of Heart Beat in Mammals as influenced by

Temperature.

It has now been shown that a reptile heart, two very different

crustacean hearts, and a moUuscau heart are all

'"f—f ^>^^ ^"j,

perature, in their rate of beat, at the same velocity as a chen^.cal

reaction is influenced by temperature.

The question naturally rises, to what extent does temperature

affect the mammalian heart in this way.' For an answer we need

only turn to the original papers of Newell Martin and of Langendorff.

1 The isolated heart of Maia verrucosa, under different conditions, w,U prol>

.blvIeaVa? hither and at lower temperatures than it did in my exper.ments.

mother th S;'; li the animals was impaired l,y the great amount of vo can.c

^i w h fel nto'the Gulf of Naples this spring, and from which --ma s u"

doubtedly were suffering, or whether other metl,ods must l,e employed, cannot

"^"tll^^p": Vorlesungen uber theoretische und physiUalische Chemie, .S98.

i, p. 224-
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These authors published very complete tables of their results, show-

ing the various temperatures and corresponding rates of heart beat.

They experimented for the most part upon the isolated hearts of

dogs and cats. From their results the temperature coefficients for

rates 10°, or nearly 10°, apart have been calculated. In cases where

only rates at less than 10' apart are recorded the coefficient is

determined by interpolation.

From Martin's first experiments on dogs ' we have the following:

Experiment I.— rcmpcratures 37.8% 27. S', and 40.5°, 30.5^ ;
quotients, 3.3

and 3.0.

Experiment .!. — I'emperatures 38.5', 28.5^, and 42.5', 32.5°
;
quotients. 3.2

and 1.8.

Experiment > — Temperatures 39.3°, 29.1^, 40.0, 30.0'
; 38.5°, 28.9°

;
quo-

tients, 2.3. 2.1, 2.3.

Experiments 4. '/. and ti. -Temperatures 30.5°. 39.6°; 36.4°, 40.4°; 37.5°,'

32.5°, 30.5°
;
quotients, 2.3. 2.7. 3.1, and 3.3.

Martin and Applegarth later on experimented upon " the tem-

perature limits of the vitality" of cat hearts, the hearts being com-

pletely isolated from the body. From their tables of observations ^

we have the following coefficients:

Experiment /. — Temperatures 34°. 24°
; 337°. 23.5°; 32.7°, 22.3°; quotients,

3. 3.2, 3.1.

Experiments 1 and 2. — Temperatures 35.2°, 25.7°; 36.7°, 26.7°; 38.5°,

28.5°; 40.0°, 29.9°; quotients. 2.5, 2.3. 1.9, 1.3.

Langendorff^ succeeded in maintaining the rhytiim of the isolated

hearts of cats at widely different temperatures, the lowest being

about 7°, the highest about 46" C. The records of 15 hearts are

tabulated, l-'rom these tables the writer determined the average rate

for each degree of temperature. Coefficients for the rates 10° apart

were calculated. These are set down in the right-hand column of

the following table

:

' .M.VKTiN. H. N. : Philosophical transactions, I SS3. clx.xiv. pp. 679-6S5.

'" The last three temperatures and their corresponding coefficients, 3.1 and 3.3,

are taken from observations during the first half-hour only.

' Martin and Applegarth : Studies from the Biological Laboratory. Johns

Hopkins University, 1890, iv, pp. 282 ff.

* Lange.\uorff,0. : Archiv fiir die gesamnite Physiologie, 1S97, Ixvi. p. 355.
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TAIILK II.

Table of average rates of isolated cat hearts at temperatures between 10° and 47= C,

rate at 7,,4-io

(after I.angendorff ), together with the quotients of the
-^^^^^^^-p,, '

Temper-
ature, C.

10

14

15

16

17

IS

19

20

21

22

23

24

25

26

27

2S

29

30

Kate of

beat per
minute.

Quotient.

10

15

21

26

37

38

43

54

4S

65

57

67

S5

97

105

93

122

116

ii = 5.4

fI z= 4.4

i'i = -^-o

i* = 3.7

Vr' = 2-S

11 = 2.4

W=2.S

W = 2.1

V/ = 2-4

i^ = 2.3

W = 2.9

h'-? = 2.7

W = 2.3

Is = 3.7

W = 2.S

?i = 2.4

W=2S
W = 2'1

Temper-
ature, C.

Rate of

beat per

minute.

Quotient.

31

32

33

34

35

36

37

3S

39

40

41

42

43

44

45

46

47

116

134

166

1S3

195

178

226

214

214

1561

215

229

229

226

25S

249

245

V/ = 2.4

i3j = 2.0

W = 2.9

1^ = 2.7

VV = 2.3

VV = IS

m

=

2-1

W = 2.3

m = 1-8

iM = i-3^

m = IS

m = 1-7

tt§ = 13

m = 1-2

m = 1-3

1 One observation only at this temperature (40°). and this on a heart which had

already been subjected twice to very low temperatures; the heart already showed

signs of exhaustion.

The temperature coefficients m the above tables deserve special

examination. Neither Martin nor Langendorff, when they performed

their experiments, had any idea of comparing their results with

temperature velocity of chemical reactions. Indeed, the formula for

such a reaction velocity was then not yet determined. The methods

of work and the accuracy of observation of these investigators, how-
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ever, are models of thoroughness and excellence. Their data are

abundant and conclusive. We need only apply our new knowledge

to this body of facts to answer the question, — to what extent, when
influenced by temperature, does the velocity of the heart rate of the

mammal correspond to that of a chemical reaction velocity?

Let us remember that the chemical velocity constant not only

varies generally between 2 and 3 for 10 difference of temperature,

but that occasionally it may even be slightly less than 2 and con-

siderably more than 3. In our tables we notice that the constant

(coefficient) for the middle ranges of temperature is, with two

exceptions, between 2 and 3, and that those numbers which are

more or less than 2 or 3 are for the extreme temperatures.

It is worth while noting here, also, that the higher constants, for the

most part, are for the low temperatures and that the lower constants are

for the high temperatures. It will be remembered that this was also

the case, not only with my P. terrapin hearts,' but also with the Maia

verrucosa hearts, as shown on page 353 of this paper. Jost's results

-

show that this same variation of the constant obtains also in plants.

A paper recently published by Langendorff and Lehman ^ contains

a table of the rates of heart beats of the rabbit at temperatures

between 37° and 48° C. The hearts were isolated from the body and

the sinus removed. They were fed with physiological salt solution.

The table was given to show that removal of the sinus does not

affect the influence of temperature upon the rate of heart beat. The
quotients are calculated from the rates of temperatures farthest apart.

The calculation for quotients corresponding to temperatures fully

10' apart is in each case done by interpolation. They are:

2-3 2-4 3° 2.5 2.5 2.3

'^For practical reasons it would be of special interest at this point

to know the temperature coefficient of the human heart.

From Liebermeister's • table of fever temperatures, which was

compiled from more than 4000 observations on 280 different patients,

we get the following coefficients, when calculating for differences of

10' from the data at hand :

3-0 3-7 4 5 4-5 3-5

* Loc. cil., p. 146.

^ JosT: Hiologisches Centralblatt. 1906. xxvi, p. 233.

* Langkndokff and Lehm.an : Archiv fiir die gesammte Physiologic, 1906,

cxii. p. 352.

* Quoted from Lasgendoki-i-', loc. eit., p. 393.
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These constants are remarkably high, and stand in curious contrast

to those obtained at the higher temperatures of isolated mammahan

and terrapin hearts. The data, being from pathological cases, may

have some special significance.

Davyi recorded the temperature and pulse rate of his own body

about three times per day for a period of eight consecutive nionths^

These observations do not include those made " under the influence

of accidental disturbing circumstances, as active exercise etc, and

so may be considered as the record of the heart rate and tempera-

ture of the body as nearly normal as it is possible to obtain. This

mass of data is of special significance at this P°'"^'"/.°"^7;

to that of Liebermeister's. It gives us the data of one ind.vidua n

normal health for a prolonged period of time. Davy made 502

separate observations in this series. When the total averages of

temperatures and pulse rates are determined for morning, noon, and

night, and their corresponding coefficients are calculated, we f^nd

them to be as follows

:

Temperatures . . . 36-62° 36-94° 37-07°

Pulse rates ... - 54-68 55-- 57-2

Coefficients .... 2.3 3-i ^-3

These temperature coefficients of the heart rate can "«
'""S^'-J^^

looked upon as mere coincidence; for it has now been shown that

they approach the same constant, not only m two importan inver-

tebrate groups, Crustacea and mollusca, but also in reptilia and

mammalia, including man himself.

From these results we need no longer va.^uely say that within

certain limits an increase of temperature increases, and a decrease

of temperature diminishes, the heart rate. But rather may we

boldly say that a change of temperature influences the rate of hear

beat at a mathematical velocity ; that this velocity is the same a

that for known chemical reactions as influenced by temperature, and

is expressed by the formula of Arrhenius: -

log ^ = — y, -f constant,

in which A is a constant, and A' is the velocity (rate) of heart beat

ai any absolute temperature, L which falls within the limits indicated

by experiment.

1 DAW, John: I'hilosoplucal Transac.ions-.of the Royal Society, London,

'^'1=''a''urhen.us: Zeitschrift fur physikaliscbe Chemie, .S99, iv. p. 226.
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Theoretical Considerations.

A fact so far-reaching as this demands further consideration; for

it must sooner or later throw light on the nature of the heart rhythm

itself.

It is most probable that this identity, which we have shown to

e.\ist between the temperature coefficients of a chemical reaction

and of the heart rate, is due to the fact, as has often been suggested,'

that chemical reaction is profoundly involved in the production of

the intrinsic cardiac stimulus, or in the production of both the in-

trinsic cardiac stimulus and the cardiac contraction.

If constantly repeated chemical reaction causes each contraction

of the heart muscles, at what point in the cardiac cycle does the

reaction begin, during what phase is it in progress, and at what

point of the cycle does it end ? For the reaction is, most probably,

a rhythmical process which exhausts itself or comes to an end point

once during each heart beat.

For a partial answer to this question we again need only turn to

the great body of experimentation which has already been done upon

the heart. Burdon-Sanderson '•^ showed that an increase of tempera-

ture diminished, and a decrease of temperature increased, the refrac-

tory period of the frog's heart. Inspection of the results of this

experiment reveals at once the remarkable fact that the velocity of

this increase, or decrease, of " diminished excitability " varies with

the velocity of a chemical reaction similarly influenced by tempera-

ture. In the following table are shown the temperature coefficients

which correspond to the various temperatures and periods of " dimin-

ished excitability " of the experiment:

reniper-

ature.
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From this table of coefficients it would appear that the chemical

reaction which has to do with the preparation of the heart for the

next contraction is already under way during systole.

We are now in a position to explain more fully than has yet been

done the rhythmical nature of the heart-beat and also its refractory

period. . ,
,

Let us assume (i) that the excitability of the heart tissues depends

upon a certain relation of chemical substances; (2) that this relation

is brou<rht about by a chemical reaction, or reactions, approaching

a state of equilibrium; (3) that the cardiac contraction is caused by

(directly or indirectly), and begins with, the end point of this reaction.

The mechanical act of this contraction itself, however, displaces

and removes the end products of the reaction, and thus disturbs the

equilibrium. During the systole, therefore, the same chemical

reaction, just completed, is started up again. But it does not advance

far enouo-h during this phase of the cardiac cycle to produce the

state of e^xcitability in the tissues necessary for another contraction

On the other hand, during diastole the reaction has greatly advanced

and rapidly approaches an end point (equilibrium) which leads up to,

and causes, the next systolic movement.

If this assumption be correct in fact (as the burden of this paper

would indicate it is), then an increase of temperature ought to hasten

the chemical reaction, and bring the system the sooner into equi-

librium; therefore the heart tissues the sooner into a state of

excitability, and, finally, into systole. A decrease of temperature,

contrary-wise, ought to delay the chemical reaction, thus prolonging

the state of inexcitability and retarding the systole. The final and

general effect would be an increase and decrease of heart rate, and

an increase and decrease of the length of the refractory period, with

increase and decrease of temperature. - and this at a velocity

identical with that of a chemical reaction velocity.

There is still one other phenomenon which may be considered

here, namely, the latent period which follows an electrical stimulation

of the heart.
.

The later an electric shock is applied to the heart during diastole,

the shorter are botli the latent period which precedes the contraction

and also the compensatory period which follows it. This fact agrees

fully with our hypothesis. In the first place we have no reason

to believe that an electrical stimulus, such as is sent into the heart,

would hasten, or affect appreciably, the chemical reaction which we
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have supposed leads up to the heart systole. On the other hand the

electrical stimulus may do for the heart tissues just what the end

point of the chemical reaction (possibly through its newly acquired

physical properties) does for the heart automatically, namely, produce

the stimulus to contraction. The great length of the latent period

in the early stages of diastole suggests that the chemical reaction

has not proceeded far enough for any sort of stimulus to bring about

a contraction. The fact, however, that a contraction can be pro-

duced by artificial stimulus, considerably before the normal period,

suggests that the chemical preparation of materials under normal

conditions is nearly complete some appreciable time before, let us

say, the new physical properties, which it brings about, result in

automatic stimulation.

New and additional experiments are being carried out to test

further the validity of the views expressed in this paper; also to

determine, if possible, what substances are involved in the chemical

reaction, or reactions, which we have supposed underlie the rhyth-

micity of the heart.

The writer wishes here to express his heartiest thanks to the

leader and staff of assistants of this institution for the many courte-

sies they have shown him, and the assistance they have rendered in

the prosecution of this work.



METABOLISM EXPERIMENTS UPON A WOMAN WITH

A PERMANENT BILIARY FISTULA.

By PHILIP SHAFFER.

^ Ah-Jkal College, New \ork.\

Introduction.

T^RACTICALLY all of the positive knowledge we have of the

Pphyl logical function of the bile is based upon the observaUon

that fats are poorly absorbed from the intestine >n the absence o b.le^

AsTd oTthis undisputed fact we know little of the part wh.c b le

formal. .n<l. secondly, if such a difference existed, whe.h a „,urn

,„ ,he ..ormal could be accon,plished by different forms

"
xtt^ater part of the ti„,e spent in .his .nvesti.a.ion has been

used in°he study of the urine in the belief that any abnornrahty ot

letabllisnt causid by the absence of bile fron, the n„es„ne would

'^Thrf,";":' of this e.perin,.„t is a won-an with a pe,n„nen,

billr fistula. Dr. M. Belle Bro to whon, I --*-
«J ;

opportunity of slndying the ease, knully gwes me the follo»,n.

history.

M C B D age 61. -The patient was of robust physique and .musually

""•.Lrhe'hTuU the wintei and spring of -O-^hen
f^^^ ,t::

Lily attacks of severe pain in the
J^P"^'-;;^;:,,J, .h^: 'Slowed

diagnosed as flatulent dyspeps.a. I"
^^^y^;^^,^;^ ^'^ ^, ,,, „„, bladder,

by a chill and high temperature and pam m the region o

362
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In three days intense jaundice appeared. Physical examination revealed

an enlarged liver extending about two inches below the ribs. Stools were

" clay colored " and the urine about the color of port wine. The chills with

the accompanying fever continued from May to October. In the fall the

temperature was normal, but the stools were light colored and the urine

quite dark. Some icterus persisted, with general pruritis. The condition

lasted for ten years, during which the patient had frequent attacks of pain

and gastric disturbances. Her net weight fell from 160 to no pounds.

On Feb. 22, 1905, the patient was operated upon for gall stones. The
gall bladder was found one-third smaller than normal, and closely ad-

herent to a mass of inspissated bile, of the size of an English walnut. The
gall bladder was opened and a drainage tube inserted. The common bile

duct was not opened ; no stones were felt in it. Following the operation

the jaundice disappeared to some extent, but the stools remained very light

and the urine very dark. The drainage tube was left for six weeks, during

which time the largest amount of bile passed in twenty-four hours was 4
ounces. On the removal of the tube the fistula closed in a few days, and

almost immediately the symptoms of skin irritation and increased jaundice

returned.

Three months after the first operation a second was performed. The
gall bladder was opened and stitched forward, and the common duct

opened. A sound was passed into both hepatic ducts, and blades of

long dressing forceps were passed through the common duct into the

duodenum. No stones or other obstructions were found. A drainage

tube was placed in the fundus of the gall bladder, and another in the

common duct. Bile flowed freely from the tube draining the common
duct, one and one-half to two pints being passed daily. The irritation of

the skin disappeared, and the urine became lighter in color. The stools

remained light in color, and probably all the bile passed through the drain-

age tube. After six weeks the fistula from the common duct healed, forcing

the tube out. The bile began at once to flow from the tube draining the

gall bladder, and still continues to do so. Recovery from the operation

was uneventful.

During the first six months after the second operation there was some
diarrhoea, — 8 to to movements in twenty-four hours. The stools were

soft and of very offensive odor. The use of ichthoforin after meals, as well

as desiccated ox-bile, gave some improvement. Improvement in this re-

spect was also noted after the injection through the drainage tube of large

quantities of the patient's bile. .\ No. 43 piston syringe was used, and
from 10 to 16 ounces of bile and other liquids were occasionally injected

at one time. Only slight pressure was necessary.

.\t the i)resent, more than one year after the second operation, the

patient has no itching of the skin, eats and sleeps well, and otherwise
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enjoys life. Very nearly » not quite all of the bile flows through the tube

into a rubber bag which the patient wears.

This case had been .liagnosed as cancer of the liver, catarrhal jaund.ce,

and 1 11 tones. The diagnosis at present accepted by the pat,enfs physt-

cian i 1 t the cicatricial tissue of an old dt:odenal ulcer - contractive at

Te onfi of the co.nmon duct. The patient had an attack of dyset^tery

previrus to her Hlness in tS^M- - which tu.e the ulcerat.on perhaps

"whTn 'the patient came under the writer's observation on October 15,

.90 "e was'apparently in fairly good health. .Although constderaby

Undernourished as a result of her long illness, she was gamn.g u, we ght

hiJ a good appetite, slept well, and coa.plained of no unusual syn.pton.s

excent occasional attacks of diarrhcea.
. . , •

:,st what the anatomical condition of the bile ducts ,s >n th.s case can

only be surn.sed. As stated above, no obstructton of any U, due

was found at the operation, in spite of careful search. But that there is

oL obiucfon is certain, because when the fistula closed foUowu^g the

first operation the jaundice reappeared, and because when the pern an n

fistulJhas been artificially dosed the jaundice has aga.n appe-d C..1

to quickly disappear on opening the fistula and allowing th ble to cape

in that way. On the other hand, the ducts are not completely occ uded,

be au e large quantities of bile or other fluids have been -peatedly and

Sy injected through the fistula. As much as 400 c.c. of bile has been

I d n this way at one time, and it is impossible to believe th,t it does

: u'Ltely flow'in great part at least, into the duodenum. Furthermore

following the injection of bile through the fistula, as well as follow ng the

plugging of the fistula, hydrobilirubin appears in considerable quantit, s in

L fLes. At the close of our experiments we proved the patency of the

o.mon duct in still another way. A diluted -spension of India ,n was

injected through the fistula, and in about fifteen hours the India ink ap

p r d in the f^ces. We know, therefore, that there is a canal leading

'
om th gall bladder into the intestine, and that the bile under certain cir-

umstlnc;; flows through this can.al. However, so long as the stula ,s^

closed only a very small part of the bile reaches the intestme for the f^ce

t:wed under this condition only the slightest trace of hydrob.hrubm which

could be detected only with some precaution, to be mentioned later

We at first hoped to be able to conduct experiments on our ptient n

the same manner' as did Schiff ' on his dogs, with amphibo^c isU, .

unfortunately, when the canal in the fistula was plugged, the patient after

:;l:.t twelve hours began to complain of a return of the >- .n|, e- nd

a little later a slight coloring of the conjunctiva, was noticed, and it became

. Sch.ff: .Archiv fur die gesammte Phys.ologie, .870. c.xi, pp. 598-613-
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necessary to open the tube after it liad been closed for about forty hours.

During this time a large amount of bile found its way into tlie intestine, as

shown by a strong reaction for iiydrobilirubin in the fa;ces for the two or

three days following, .\lthough the bile flowed into the intestine, jaundice

began to appear. The reason for this is probably that the pressure neces-

sary to overcome the obstruction of the common duct was so great as to

cause a rapid reabsorption of a part of the bile througli the radicles of the

biliary ducts.

While we were imable to force the bile into the duodenum by merely

closing the fistula, we have on a number of occasions, as stated above-

injected the bile through the fistula in large quantities. The occasional

injection of bile through the fistula is obviously not so satisfactory a pro-

cedure as would have been the mere closing of the fistula, in which case

the bile flows into the intestine at the normal rate of speed. However, the

latter ideal condition was impossible, and we were compelled to be con-

tent with the less satisfactory procedure of injecting the patient's own bile

througli the fistula.

Methods.

The analytical methods used for the urine are as follows:

Kjeldahl method for total nitrogen ; Folin method for urea,' krcatinin, and

kreatin ;

'^ Boussingault-Shaffer method for ammonia :
' Folin-Shaffer method

for uric acid ;
* Folin's new methods for inorganic, ethereal, and neutral

' sulphur ;
•''' phosphates were titrated by standard uranium acetate, with

powdered potassium ferrocyanide as indicator ; indican was determined

by the crude but simple method described by Folin.'

No discussion of these methods is necessary. All have proved

satisfactory. Paton ' has recently recorded an objection to Folin's

urea method,— the difficulty of knowing when the urea is completely

decomposed. I have not experienced this difficulty. The method

demands considerable care and attention, but if the melted magnesium

chloride is kept hot (155° C.) for one full hour and one-half from the

time the " popiiinc; " becomes strong, all of the urea (as much as is

1 Foi.in: /.eitsclirifl (iir physiologische Chemie, 1903, xxxvii. p. 54S.

- Folin: Ibiii., 1904. xli, p. 223.

» Sh.afff.k; This journal, 1903, viii, p. 331.

< Foils .incl Sh.\ffi:u : Zcilsclirift fiir iihysiologische Chemie. 1901. xxxii,

p. 552.

^ Folin : Joiirn.il of biological chemistry, 1906. i. p. 131.

' Folin : This journ.Tl, 1905, xiii, p. 53.

' Paton: Journal of physiology, 1906, xxxiii, pi.
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the equivalent of 60 c.c. ^) is invariably decomposed. Low results

are usually obtained if the temperature is not maintained for the time

stated.

The fsces were dried on the water bath with the occasional addition of methyl

alcohol containing i per cent hydrochloric acid, and finally in an a.r bath

at ioo°-i 10° C The total tat content was determined by extraction with

ether for about twenty hours, as described by Schmidt and Strassburger^

Total nitrogen was determined in the dried freces by the Kjeldahl method.

Hvdrobilinibin was tested for either in the fresh or dried fseces as follows :

, to 5 gm. of the dried faeces, or .0 to 15 gm. of the fresh fx-ces. were

boiled on the water bath with about 25 c.c. alcohol containing 2 per

cent sulphuric acid. Without filtering, ammoniacal alcohol was added to

alkaline reaction, and then a few drops of a zinc chloride solution. This

was filtered into a dry test tube. When hydrobilirubin was present the

clear solution showed the green fluorescence. It is important to have a clear

solution, otherwise when only traces are present the fluorescence may be

masked by the turbidity or precipitate.

In order to judge whether the metabolism in ditierent pathological

conditions is abnormal, it will usually if not always be necessary to

have a standard of normal metabolism for comparison. The impor-

tance of this fact follows logically from the work of Folin on normal

metabolism. The results of Folin ^ furnish perhaps the most accurate

kuowled-e we have of the approximately complete composition o

normal urine on different standard diets. More data from normal

individuals on various diets is highly desirable for the construction

of representative standards for the composition of normal urines, but

until we have such representative standards, we cannot do better than

use the standards of Folin. I have therefore placed at the bottom

of the first two tables of this paper the averages of Folm s normal

results on his high proteid liquid food and on his low proteid starch-

cream diet.
, ,, •

1

Three diets were used in my experiments in the following order

The first which was continued for seven days, was a high proteid

non-purin diet containing about 21 gm. of nitrogen, and which

thou-h not exactly the same, is quite comparable to Folin s high

proteid liquid food. The second diet, which followed immediately

after the first for a period of seven days, was a low proteid diet ot

I SCHMll.i- and Stk.assburgkr: Die Faeces des Mcnschen, Berlin, 1905,

P- '5'-
... ,,

'•i Koi.lN : This journal, 1905, xiii, pp. 45, 00.
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rice, butter, rich cream, sugar and salt, with about 200 gm. potato.

The last diet, used for a fifteen-day period was a mixed though fairly

constant diet containing some purins and lo-ii gm. of nitrogen.

First experiment (Table I)

Second experiment (Table II)

Third experiment (Table III)

Diets.

(1 dozen eggs

-
3 pints skimmed milk

I Sugar and salt

'200 gm. grain rice (boiled)

100 gm. butter

150 gm. sugar

250 c.c. cream (15 /^ fat)

200 gm. potatoes (boiled or baked)

'Mixed diet of fish, beef, lamb, potatoes,

oatmeal, rolls, butter, sugar, salt, rich

cream. Patient ate as nearly as possi-

ble the same amount of food each day.

This was not strictly constant, however.

The analytical results of these experiments will be found in Tables

I, II, and III.'

' Some brief explanation seems desirable of the manner in which the analytica 1

results of these experiments are here expressed. Instead of writing so many

grams of urea, kreatinin, etc , as is at present customary, I have chosen to state

in the tables only the amount of nitrogen represented by the several nitrogenous

substances. Total sulphur, inorganic sulphates, ethereal sulphates, and neutral

sulphur are expressed only in grams of sulphur ;
phosphates and chlorides are

expressed in grams of phosphorus and chlorine respectively. The above ap-

pears to me to lie the most rational and consistent plan of presenting the results

of metabolism experiments or even of isolated urine analyses.

The advantages gained from such a plan are brevity, clearness, and convenience.

Both on account of the difficulty in examining tables containing many columns o

closely printed figures, and on account of the considerable cost to journals of print-

ing large tables, it is desirable that we omit from our tables all unnecessary figures.

The absolute amounts of the nitrogenous substances, urea, etc.. are unnecessary,

because they can be quickly calculated by multiplying the amount of nitrogen

(urea-nitrogen, for instance) by the proper factor (2.14 for urea). For the con-

venience of the reader, such factors are given below. The tables will be found, I

think, less confusing on account of the fewer figures. The convenience is found

in the original calculation of results, and in the ease with which one can see the

distribution of the total nitrogen among the various nitrogenous constituents. For

sulphates, phosphates, and chlorides I have merely adopted the custom growing in

analytical chemistry, of stating the results as here given, instead of using the rather
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As stated in the tables, varying amounts of bile were injected

throu-h the fistula on two days during each period. This was done

in order to determine what effect the presence of bile in ihe intes-

tines would have on the general metabolism as indicated by the com-

position of the urine. The days on each diet when no bile was

injected were intended, first, to show any deviation from the normal

metabolism which might be referable to the absence of bile from

the intestine, and the consequent lack of its reabsorption and of the

other processes which may be involved ; and, second, to serve as

control for the periods of bile injection.

The urine constituents which are of interest in this case are

neutral sulphur, ethereal sulphur and indican, total nitrogen, urea

and ammonia, and kreatinin.

Neutral Sulphur.

The belief appears to be generally held that the neutral sulphur of

the urine is to a considerable extent derived from the taurin of the

bile 1 This is based upon the experiments of Kunkel,^ who found

a lowered excretion of neutral sulphur in dogs when bile was diverted

from the intestine; and upon the experiments of Salkowski," which

showed that after taurin ingestion by man and dogs, it was to a great

extent excreted in the urine unchanged, or as taurocarbominic acid,

thus increasing the amount of neutral sulphur. If the above belief is

correct, we should expect that the neutral sulphur excreted by a

inconsistent and antiquated SO. and P.O.-,, or H,SO„ HCl, or NaCl. The only
"

objection to the phu, of presenting results here used is that it differs ,n some par-

ticulars from tliat used in past papers on metabolism, both in America and abroad

and therefore may cause some temporary difficulty in the comparison of results of

different autl>ors. But this difficulty will at worst be no greater than ,s now usual y

encountered when one attempts to compare different results; and obviously, shou d

this or a similar phui of presenting results of metabolism experiments be generally

adopted, the difficulty would soon disappear or be reduced to a mmimum.

Several investigators active in metabolism have agreed with the wr,ter to present

their results according to the above suggestions, and it i.s hoped that stdl other

workers in this line will decide to do so.

Urea factor =2.145 Kre.itinin factor = 2.695

Ammonia factor = ..214 ^'ric acid factor = 3.00

1 Hopkins: .Schaf.fek's Text-book of physiology, i, p- 632.

•^ Kunkel: .Vrchiv fur die gesammte Physiologic. 1877- xiv, p. 344-

» Salkowski- VlUCHoWs.'Xrchivfiirpathologische .Anatomic. 1S73, Ivni, p. 4^0.
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patient with a permanent biliary fistula would be low, since no bile

containing taurocholic acid would be present in the intestine to be

there reabsorbed. Furthermore, if this belief is correct, we should

expect the neutral sulphur excretion in such a patient to be increased

following the injection of bile into the intestine, or ox bile medication.

Regarding these points let us inspect the results in the tables, paying

especial attention to the averages representing the several periods.

Two rather surprising facts are apparent: first, in Tables I and II,

from the high proteid and low proteid diets respectively, the neutral

sulphur excretion without bile in the intestine is decidedly just as

high as Folin's published results from the normal. Folin's average

is 1.32 gm. total su]|)hur with 0.07 gm. neutral sulphur; the neutral

sulphur is thus 5.1 per cent of the total. The average excretion of

my patient on practically the same diet, without bile in the intes-

tines is 1.29 gm. total sulphur and 0.12 gm. neutral sulphur, the

latter being 9.3 per cent of the total. On this high proteid diet the

excretion of neutral sulphur, while the influence of bile was excluded,

was even higher than Folin's average, though it is not abnormally

high. On comparison with Folin's average for the normal given

above, I at first concluded that the neutral sulphur excretion from

this case was abnormally high. However, in a personal letter from

Dr. Folin regarding his sulphur results on the high proteid diet, he

makes the following statement, which with his permission I take

pleasure in quoting

:

" Renewed investigations of the sulphur metabolism, by the iielp of the im-

proved analytical technique, have shown that the absolute amount of neutral sul-

phur eliminated is, after all, to some extent dependent on the sulphur of the food.

The variations in the neutral sulphur elimination on nitrogen rich and nitrogen

free diets are nearly if not quite as great as the corresponding variations in the

elimination of uric acid. Even when I wrote my paper on the laws governing

the composition of urine, it seemed to me rather remarkable, not to say sus-

picious, that such a miscellaneous group of substances as the neutral sulphur

must be supposed to represent should exhibit such a constancy. With the tech-

nique then in use I was, however, unable to show that the neutral sulphur of

the urine was to any extent immediately derived from the sulphur of the

food."

In view of F"olin's recent results I have used his corrected average'

for comparison with the figures from this patient while on the high

proteid diet, and with his corrected averages my results agree.

' Given in parenthesis in Table I, p. J69.
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On the low proteid diet, without bile in the gut, the neutral sulphur

also agrees well with Folin's average. The absolute amount of neu

tral sulphur is practically the san.e as Fohn's average, and the d.f-

ference between the neutral sulphur percentages >s well w>th>n the

normal variation. ^..„,Urri fnr

For the mixed diet (Table III) I have no normal standard for

comparison, but the neutral sulphur is perhaps high even when bde

Ls 'absent from the intestine.^ In these experiments, therefor
.^^^^^^

certainly f^nd no indication of a lowered excret.on of neutral sulphur

when bile is diverted from the intestine.
_

The question whether the neutral sulphur excret.on >s increased

when bUe is again introduced into the intestine is likew.se answered

these experunents, in the negative. The amount of b.le .njected

d,r g the 'first experiment (looc.c.) was too small, and conta.ned

only 0.023 gm. sulphur each day. This is perhaps hardly enough to

make us expect any increase of neutral sulphur .n the ur.ne. At

r P M on NovembJr , and 3, 350 c.c. of the patient's b.le conta.....g

6.4 gm. of solids and 0.054 g- sulphur were .njected each da)^ The

average neutral sulphur in the urine from these two ^ays - 008 gm

and the average of the three control days .s 0.07 gm. The increase

s 00 slic^ht \o justify the conclusion that the b.le is respons.ble.

Dt rin. he third experiment at 10 p. m. on November 17, a..d aga.n

on heiSth 350 c.c bile was again injected. This b.le conta.ned 7-1

:: solicL a;d^.057 gm. sulphur. The neutral -»P';- ^
^f j^^^^

FoUowinc. this injection is not higher than on the control days, when

bile vvas absent Jrom the intestine. The average (0..4 gm.) .s even

lower than the control average (0.16 gm.).

Durin. November 23. 24, and 25, the patien^ took by mouth 20 gm

of dried ox bile.'^ The average neutral sulphur for these days ,s 0.17

gm I consider the slight i,.crease over the control average qu.te

"tt'may be possible that the sulphur contained in the ox bile and in

. on the n.xed diet th. neutral sulphur i. decidedlv higher tt, an c. either U.

.same brand purchased later contained in 20 gm. 0.246 gm. sulphur.
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the human bile was not sutTicient to cause any great increase in the

neutral sulphur of the urine, but this is not probable. Had all the sul-

phur of the injected bile been excreted as neutral sulphur in the urine,

the latter would have been increased 75 per cent on the low proteid

diet and about 40 per cent on the mixed diet. On the low proteid

diet the increase was only 14 per cent, while on the mi.xed diet there

was a decrease of neutral sulphur equivalent to 12 per cent. The

increase following o.\ bile medication is only 6 per cent. These varia-

tions are no greater than are encountered in normal subjects. A
stronger argument that the sulphur of the bile is not the source of

the neutral sulphur of the urine is, however, our finding that the

neutral sulphur from this subject is not lower than normal when bile

is excluded from the intestine and is flowing through the fistula.^

I can find no evidence in these experiments that the sidpluir of the bile

is to any considerable degree the source of the ncntral sulphur of the

urine.

This conclusion is, of course, quite contradictory to the common
belief stated above. Kunkel claimed that the excretion of neutral

sulphur in its relation to total sulphur was decreased in dogs with

biliary fistula; and further showing his confidence in the dependence

of the neutral sulphur upon the sulphur of the bile, he claimed that

the sum of the sulphur of the bile passed through the fistula and the

remaining neutral sulphur of the urine equalled the amount of neu-

tral sulphur excreted under normal conditions. In other words, he

evidently believed that all of the sulphur of the bile regularly appears

each day as neutral sulphur in the urine. Were this true, we should

have found the neutral sulphur excretion in this case lower than the

normal when the bile was flowing through the fistula, and increased

by the amount of the sulphur contained in the bile, after the injec-

tion of the patient's own bile back through the fistula. This we did

not find.

If after further experiments it should prove to be a fact, as my re-

sults indicate, that the neutral sulphur of the urine is not, to any con-

siderable extent, derived from the taurin of the bile, we have yet to

explain the results recorded in the literature, that the neutral sulphur

excretion in cases of chronic icterus, and in similar conditions experi-

mentally
I
roduced in animals by ligating the common duct or other-

wise, are higher than normal.

' -SlMRO (.Vrcbiv fiir Physiologic. Leipzig, .suppl. Hd., iSSo, p. 50) found in the

urine of dog.s with biliary fistula only from 50 to 81 per cent of the total sulphur as

simple sulphates, even when all bile was absent from the intestine.
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Fr Muller,' in his series of experiments on cases of icterus, found

in a case of cholelithiasis (Experiment 5) on a milk diet contanung

48.85 gm. N in three days, or 16.28 gm. N per day, the following

amounts of sulphur in the urine

:

Tot.ll Ethereal Neutral

Total N Total S Sulphates S S

3.38 0.264 0.659
Total tor three days . . 47-63 4-o4

Average per day . . • iS-^"^ '"35 ''^3

Per cent of total S . .

0.0S8 0.220

83.7 6.5 17-0

The same patient on a meat diet containing an average of 22.5 gm.

N per day excreted in the urine :

Total Ethereal Neutral

Total N Total S Sulphates S ^

Total for two days . . 3-°7 ^.52 0.32 0.55

Average per day . . i?-'? .-53 '-^S o-^6 0.27,

Per cent of total S . •
8--4 •o-4 »7-

Midler's results were expressed as H.,SO,. I have recalculated

them as sulphur.
, , ,

Muller distinctly states in his paper that the neutral sulphur in

these cases is not higher than .lormal, though the correctness of his

conclusion is open to some doubt. Certainly the neutral sulphur in

the two cases quoted is decidedly higher than -Folin's average from

normal individuals (0.102 gm.).

Lepine2 and his coworkers have also shown, in cases of chronic

icterus and in dogs with the common bile duct ligated, that the

neutral sulphur excretion is relatively higher than normal. While

these results are lacking in a satisfactory basis for comparison with

the normal, it may fairly be concluded that the neutral sulphur

excretion in such conditions is high.

The reason for this high neutral sulphur is perhaps to be found

in the fact that when the bile passages are occluded, the bile,

instead of flowing into the intestine or being excreted through a

fistula, as in the subject of my experiments, was being absorbed from

the bile passages by the lymph and blood, causing icterus, and thus

being diverted from the normal circulation of the bile (" kreislaute

' Ml'llfr : Zeitscbrift fur kliniscbe Medizin, 1SS7, xii, p. 45

^
U-...N..- : Revue de mddicine, 18S., pp. 27, 9"- ^'ai-Y's Jahresbencbt uber

die Fortscbritte der Tbiercbemie, .882, xi, p. 327. Lupine and GuTtiU-N
:
Cotiiptes

rendus de la socidtd de biologie, xcvii. p. 1074.
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der Galle"). Benedict' thinks that the high neutral sulphur cannot

be explained by such direct absorption into the blood, because, he

says, the absolute amount of neutral sulphur of the urine coming
from the bile would be the same, whether absorbed from the intestine

as normally, or absorbed from the bile passages. With this latter

conclusion it is difficult to agree.

It seems to me much more reasonable to believe that when the

bile is diverted from its normal circulation by means of an obstruc-

tion in the bile passages, and is there directly reabsorbed without

passing first to the liver, the sulphur compounds of the bile may be

more or less rapidly excreted from the blood by the kidneys, thus

causing an increase of the neutral sulphur of the urine; whereas nor-

mally the sulphur components of the bile are absorbed from the in-

testine and go by way of the portal vein direct to the liver, there to

be retained and again excreted in fresh bile.

According to this conception the taurin of the bile is not normally

a source of the neutral sulphur of the urine, but becomes such when
the bile is under pathological conditions reabsorbed directly into the

circulation from the bile passages without passing first through the

liver.

There are few observations in the literature throwing any light on
the correctness of this idea. Salkowski,- on feeding taurin to man
and dogs, found the greater part excreted in the urine as tauro-

carbominic acid. This result is not necessarily contradictory to the

above idea. It is quite conceivable that when a great excess of taurin

without a corresponding excess of other bile constituents (cholalic

acid) is absorbed from the gut and carried to the liver, the taurin

is not converted into taurocholic acid and excreted in the bile, be-

cause of the lack of the necessary cholalic acid, but is circulated in

the blood and removed therefrom by the kidneys. This explanation

was suggested by Salkowski in the paper above cited.

Bergmann^ has recently shown that cystin alone fed to dogs with

biliary fistulee does not increase the taurin of the bile, but when
sodium cholate is fed with cystin, the taurin is much increased.

Whether this result may be applied to man is open to doubt, since,

according to Loewy and Neuberg,* the sulphur of cystin fed to a

' Hen'T'DICT, H. : Zeitsclirift fiir klinische Medizin, 1S9S, x.wvi, p. 2S6.
•^ Salkowski : Loc at.

» Bekgmann: Hof.meister's Beitrage, 1904, iv, p. 192.

* Loewy and NninEHo: Zeitsclirift fiir physiolosische Chemie, 1904. xliii,

P- 342-
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normal man was excreted in the urine as sulphates and thiosulphates ;

but in the absence of further evidence we may accept Bergmann s

result as supporting Salkowski's suggestion.

Ethereal Sulphates and Indican.

The amount of ethereal sulphates and indican excreted by tins

patient is of interest in connection with the supposed prevent.ve

Son of bile on intestinal putrefaction. Whether be has such an

action, and the manner of it. has been under d,sput Ihe more

recent belief appears to be that the presence of bde >n the gut re

"
ds putrefaction only indirectly by assisting the absorpt.on o fat

and tl^s allowing the digestive juices to come into contact w,th the

nroteids and preventing their accumulation in the intestine.

'
As gards the value^of the amount of ethereal sulphates or indican

as an indication of the degree of intestinal putrefaction, there h s

been much controversy.^- FolnVs conclusions,^ stated below, seem to

me correct, and are largely confirmed by some of my own unpublished

""o ) The urinary indican is not to any extent a product of the

.en ra protein metabolism, is therefore probably, as is genera ly

:u posed a product of intestinal putrefaction, and may consequently

bersled to indicate approximately the degree of putrefaction in

^'?. '"rte :;h^:real sulphates can only in part be due to intestinal

putrefaction, and neither their absolute nor their relative amount can

be Icc'oted as an index of the extent to which putrefaction is taking

that on tL high proteid diet and without bile in the intestine, 1

'
Lnt excreted an average of O.io gm. sulphur as ethereal su pa e^

as compa-d with Folin's normal average of 0.09 gm- On the low

oroteid diet there was a decrease to an average of 0.063 g™. as com-

Tar d w th Folin's average of 0.036 gm. The sHg^t decrease from

Z amount excreted on the high proteid diet confirms m some

lasure the conclusion of Folin that the ethereal sulphur decrea e

Tth Ihe total sulphur. The increase over Folin's average on the

1 Hammersten: Phy.siological chemistry. New York, .904. P- 339-

2 Hammkrsten: Ibid., pp. 503. 5°4-

« Folin: This journal, 1905, xiii, p. 99-
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low proteid diet, on the other hand, taken in conjunction with the

high indican, as compared with Folin's zero, is probably indicative

of an increased intestinal putrefaction caused by the absence of

bile.

What effect did the injection of bile and ox bile medication have

on the ethereal sul[)hur and indican ? There appears to have been

no effect upon the ethereal sulphur. This is certainly true for the

high proteid and mixed diets (Tables I and III) ; on the low proteid

diet the conclusion is not so clear. The decrease there noted is

probably to be ascribed to the normal decrease with the diminution

of total sulphur as found by Folin, and not to an effect on the bile

injection.'

Regarding indican, the bile did effect a slight though distinct de-

crease ; and this decrease is probably to be explained by a diminished

intestinal putrefaction. As was to have been expected, the indican

was on the whole quite high, and even following bile injection hardly

reached the normal.

Total Nitrogkn.

On the lii^h proteid diet the patient's absorption of proteids was

good, shown by the average of the total nitrogen of the urine for

the last three days of this period, 19.2 gm., which is 92.3 per cent

of the nitrogen of the food. There is some indication that the ab-

sorption of proteid was better following bile injection, though I do

not feel justified in positively concluding from these experiments that

this is so. The increased amount of nitrogen in the first experiment,

following bile injection for instance, might well be the result of a slow

attainment of nitrogen equilibrium.
*

Joslin,'- in experiments upon a case very similar to the subject of

these experiments, found an absorption of 93 per cent of the proteid

of the food after ox bile medication (30 gm. Fel. taurin in four

days) as compared with 81 per cent before and 88.7 percent following

the bile period. The same patient some months later, after a second

operation when the bile ducts had been made patent, absorbed 88

percent of the proteid in the food. The dit^erence in tlie absorp-

tion of proteid with and without bile in the intestine was therefore

very slight. There is no satisfactory evidence that bile is con-

cerned in the absorption of proteid.

' Except in so far as the decrease of indican above mentioned was accompanied

by the decrease of sulphur in the indoxvl-sulphate.

'^ Josi-IN : Journal of experimental medicine, lyoi, v, p. 513.
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Urka and Ammonia.

Based on his experiments upon normal persons, already frequently

referred to, Folin has put forward the following " laws "
:

" Urea

fisl the only nitrooenous substance [of the urine] which sutlers a

relative as well as an absolute diminution in the total proteni-metab-

olism"! Ammonia: "with pronounced diminution m the protein-

metabolism (as shown by the total nitrogen in the urine), there is

usually but not always, and therefore not necessarily, a decrease in

the absolute quantity of ammonia eliminated. A pronounced reduc-

tion of the total nitrogen is however always accompanied by a relative

increase of the ammonia nitrogen, provided that the food is not such

as to yield an alkaline ash." '-^

. ,, t ;i

Both these statements are confirmed by the results in Tables I and

II- the absolute amount of urea nitrogen and likewise its percentage

of 'the total nitrogen are decreased on changing from a high to a low

proteid diet. The figures for urea compare well on both diets with

Folin's average.

Ammonia decreases in absolute amount and its percentage in-

creases, as Folin found ; but on both diets the absolute amount ot

ammonia nitrogen is considerably higher than the normal. On the

high proteid diet this patient excreted an average of 1.43 g™- and

I 58 -m ammonia nitrogen as compared with Folm's 84 gm. On

the low proteid diet without bile in the intestine, we find 0.87 gm.

ammonia nitrogen, while Folin's average is 0.38 gm. On the mixed

diet without bile in the intestine, we find an average of 1.23 gm.

ammonia nitrogen. The percentages of the total nitrogen likewise

show that the ammonia excreted by this case is higher than the nor-

mal upon the same diets. The reason for this I do not know. It can

scarcely be ascribed to the condition of acidosis, since no acetone sub-

stances appeared in the urine. Schilling^ recently confirmed the

earlier observations that an increased ammonia excretion followed the

injection of large amounts of fats. And Brugsch ^ has shown that

acetone substances appeared in the urine of a fasting person who had

considerable adipose tissue; while these substances were not excreted

1 Foi.iN : This journal, 1905, xiii, p. 04-

- Folin : Loc. cit., p. 92.

8 SCHILLIVG : Archiv fiir klinische Medizin. 1905, Ixxxiv, p. 327-

. Bkuosch: Zeitscluift f.ir e.xperi,.entelk- Pathologie und Therapie, .905

i, P- 4'9-
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by a lean and emaciated patient who tiad taken no food for twelve

days. Brugsch concludes that these substances are excreted only when

there is a marked consumption of fatty tissue. Neither of these e.x-

planations can properly be applied to this case, because the fats of

the food were poorly absorbed, and because the patient had only very

little adipose tissue.

What elTect had bile injection on the ammonia excretion .''

The result is negative on the high proteid diet, perhaps because

the amount of bile injected was too small (100 c.c. each day). On
the low proteid and mixed diets the averages are as follows:

Per cent of
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in connection with other more recent results in a future paper from

this laboratory.

F.ECES.

The analyses of the f^ces are given in Table IV. The per cent of

dried substance varied between 12 and 22 per cent. The amount o

nitro-en in the faeces is even lower than figures given for the normal

and justifies the rather generally accepted statements that the protetd

absorption is neither prevented nor retarded by the absence of b.le.

There is no decrease of nitrogen in the f:eces following bile injection

or ox bile medication. Joslin.^ as already stated, found a decrease of

nitro-en of faeces during ox bile medication. However, the need for

improving the absorption of proteid in such cases is small, as shown

by the small amount of nitrogen excreted in the faeces. The large

amount of fat in the stools of this case confirms this common observa-

tion but the amount of fat does not seem to have been diminished by

bile 'injection or ox bile medication. This is not in accord with the

results of Joslin. who found a decided decrease of fat in the stools

durino- ox bile medication. Our patient took 20 gm. of dried ox bile

in three days, while Joslin's patient was given 30 gm. in four days. I

cannot explain the difference in results. It might be that there are

other factors necessary besides the bile, and such factors may have

been present in Joslin's case and absent in ours. At any rate, in

view of the clinician's evidence and of Joslin's experiment, ox bile

may be of therapeutic value in such conditions.^^

Bile.

Analyses of the bile passed through the fistula during the three

experiments are given in Table V. The results do not indicate the

amount of bile normally e.xcreted into the intestine by a healthy indi-

vidual, because, as has been pointed out, fistula bile is always less than

the amount normally secreted because of the lack of the b.le normally

reabsorbed from the intestine. These results are of interest regard-

ino- other points, however. By comparing the bile excreted on the

high proteid diet with that excreted on the low proteid diet, we should

1 ScHMiirr and Stkassbukgeu : Die Faeces dcs Menschen, lierliu. 1905.

pp. 1 19-124.

- JosLlN : Journal of experimental medicine, 1901, v, p. 513-

3 Dr. Brown tells me that she has noted some general improvement in th.s case,

especially of the diarrhoea, from the use of ox bile.



Metabolism iti a Woman with Biliary Fistula. 385

TAISI.E IV.

F/ECES.

Date.



386 Philip Shafcr.

o
-J

— 3

cc.S

-r -H o
C^ »>] U-.

o -^ -< O O

2-5

o
o

o
o

o
o

<

o
o

o
o

o
o

c o
d o

o
d

B

o
s

=> 92 S
r-^ O QO O O

o
o

o
o

C^J J

>i IT o



Metabolisvi in a Woman with Biliai-y Fistula. 387

^"



3S8 Philip Sliajfer.

be able to see the effect of food on bile secretion. The absence of

any decrease of either solids, nitrogen, or sulphur of the bile on pass-

in- from a diet containing more than 20 gm. of nitrogen to one con-

tahiing about 4 £?m. is very striking. As a matter of fact, there was

an increase instead of a decrease; but to this increase I attach no

significance. It is certainly quite remarkable that the liver which ,s

so active in the formation of nitrogenous and perhaps of sulphur

products of metabolism and digestion, secretes little if any more

nitrogen and sulphur in the bile when the urine contains 15-19 gm.

of nitrocren than it does when the urine contains only 4-6 gm. \
et

this fact seems to be fairly well established. Spiro^ in expermients

on do-s with biliary fistula, found relatively only a slight increase of

sulphur (0.059 to 0..73 gm-) and nitrogen (0.195 to 0.604 gm.) m the

bile when the dogs were changed from complete fast to lOOO gm.

meat The nitrogen in the urine varied between 3-12 and 27.49 gm-

KunkeP in similar experiments on dogs, found that the percent

of the food sulphur appearing in the bile decreased very considerably

with the increase of food sulphur. On a high proteid diet S per cent

of the food sulphur appeared in the bile, while 30 per cent was ex-

creted in the bile on low proteid diet. Both these authors concluded

that processes forming taurin are quite independent of those formmg

the sulphates of the urine, and that there is only very little relation

between the amount of proteid in the food and the nitrogen and

sulphur excreted in the bile.^

But Wohlgemuth ^ and Bergmann ^' have concluded that the taurin

of the bile is derived from proteid. Bergmann's result that feeding

cystin without sodium cholate does not lead to increased taunn,

together with the fact that increase of food proteid leads to httle or

no^increase of taurin, suggests the question whether the cholic acid

is derived from food proteid. food carbohydrate, or is itself a product

of metabolism in the strictest sense. If the cholic acid is directly

derived from food proteids, as these authors believe to be the case for

taurin, it is not clear why increased food proteid did not lead to an

1 Sl'IKO: Archiv fiir Physiolosie, Ldp/.ig, suppl. Bd., iSSo, p. 50.

2 Kunkel: Arcliivfurdiegcsammte Physiolo-ie, US77, x.v, p. 344-

» BARBUCU. has also found that the amount of nitrogen in the bile is .ndependen

of the niuogen in the food, the former being about the same alter a diet of at as it

is after a high proteid diet. (Annali di chimica e farmacologia, Dec, 1S94
,

M AL^

Jahresbericht, 1S94, xxiv, p. 38'-)
, .„ , ,. «-,

* Woiii-m-Mi-TH: Zeitschrift fiir physiologische Chemie, 1903, -^1- P- f^-

6 Bergmann: Hofmeistek's lieitriige, 1904, iv, p. 192-
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increase of sulphur as taurocholic acid in my experiment, or to a still

greater increase of bile sulphur in the experiments of Kunkel and

Spiro. Further experiments must decide the source of cholic acid.

There are doubtless difTerences characteristic of animal species which

should be considered in applying results from experiments on dogs to

omnivorous or herbivorous animals.

What effect had bile injection and ox bile medication on the amount

of solids, nitrogen, and sulphur in the bile .' After each injection of

bile through the fistula, as well as after ox bile medication, the amounts

of solids, nitrogen, and sulphur were increased. This increase, although

not great, is quite considerable, and agrees with the results of Stadel-

mann, Pfaff and Balch, and others. The experiments of Pfaff and

Balch 1 are particularly effective in proving that ox bile or human

bile medication increases the amount and composition of the bile.

The majiner of this action would appear, however, to be not a stimu-

lation of the liver to form fresh bile from the ordinary sources, but

merely in furnishing the liver with the ready-made bile constituents,

which it separates from the other material absorbed from the intes-

tines, and excretes through the proper channels. If bile as a chola-

gogue has a stimulating effect on the liver, we should properly expect

tlie amount of bile e-xcreted after its administration to be rather more

than the sum of bile administered and the average amount passed

before bile medication. This is not the case. In my experiments,

for instance, on November i and 2, bile containing 6.4 gm. solids

was injected each day, which amount added to 4.29 (the average bile

solids for October 30, 31, and November 1) gives 10.69 gm., the

minimum to be expected if the bile injected caused more fresh bile

to be secreted. The average solids following this injection was

5.8 gm. Similarly, if the 20 gm. of dried ox bile be divided between

the four days the bile for which was analyzed for the" ox bile period,"

we have 5 gm. -h 4.86 gm. (average of control days) = 9.86 gm. per

day. We found an average of 7.95 gm. of bile solids excreted.

Pfaff and Balch's results show the same thing,^ namely, that after

1 Pfaff and H vixii : Journal of experimental medicine, 1897, ii. p. 49-

- In Pfaff and Balch's experiments during tliirty-seven days, without medica-

tion, an average of 4.64 gm. bile solids, exclusive of ash. was excreted per day.

During twelve days of human bile medication an average of 350 c.c. of the patient's

bile (dried), containing 2.8 gm. solids exclusive of ash, was given per day. The

average bile solids exclusive of a.sh excreted during this period was 5.705 gm. per

day. decidedly less than the sum of 4,64 and 2.8, or 7.44 gm. About the same

relation is seen in the averages of ox bile medication: an average of 7.S5 bile
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bile medication more bile is excreted, but the amount of solids is not

so -reat as the sum of that excreted before medication and that admin-

istered This is admittedly a faulty line of reasoning, because, instead

of absolute amounts of bile salts, the substances in question, I have

used the amounts of total solids, including inorganic salts. The

amount of bile salts has not been determined in these experiments.

But the same conclusion is reached from a consideration of either

the total nitrogen or the total sulphur of the bile, and this conclusion,

I believe, will be found to be correct: that while bile is a colagogue, it

is not an hepatic stimulant.

Summary.

1 The patient's metabolism appeared to be normal, except for the

poor absorption of fats, the high excrelion of indican, doubtless caused

bv an increased intestinal putrefaction, the high excretion of ammonia

and the low excretion of kreatinin. The kreatinin excretion was not

affected by the absence of bile from the intestine, and a discussion

of it is left to a future paper. The cause of the high ammonia m this

urine is not understood.
.

2 The relation between the neutral sulphur of the urine and the

taurin of the bile is discussed and the conclusion reached, that nor-

mally the taurin of the bile is not to any considerable extent the

source of the neutral sulphur of the urine. The suggestion is made

that in icterus, however, the increase of neutral sulphur may be

derived from taurin which has been absorbed from the bile passages

directly into the circulation, and has thus been diverted from the

normal " Kreislaufe der Galle." The neutral sulphur of the unne

from this patient was not lower than the normal, and was not in-

creased when bile was injected through the fistula, or following ox

bile medication.

solids excUisive of ash was given as .1.09 exclusive of ash excreted. Had even

Toi the bile taken been excreted again as bile, we should have an aver.age of

iL; 7 8; = .2.49. That so much was not excreted is doubtless to be explained

ty an incomplete absorption from the intestine. Only during bile salt med,ca„on

'Jtheeind cation that more bile salts wee excreted than the sum of that gwen

and the average without medication. According to their analyses 34-53 pe. er,

f the bile solids excreted during the period of bile salt

^^^^^-^TZt^.
salts. This amounts to an average of 4.04 gm- P- 'l^'^ ^^'''';/'".^^";:

";'f

bile salts excreted without medication was 2.1. gm. per day. An average o

,4, "m. bile salts was given each day. Whether there was here an actua

ItfmuUtion of the liver to form new bile cannot be deeded without further

experiment.
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3. The amount of fat lost in the faeces was high, and was not

decreased by bile injection or ox bile medication. The absorption of

proteids was good, even without bile in the intestine.

4. Analyses of the amount of solids, nitrogen, and sulphur in the

bile are given, and their relation to the amount of proteid in the food

is discussed. The results show no relation between the composition

of the bile and the amount of food proteid.

5. The excretion of bile was increased after bile injection and o.\

bile medication. The method of bile's action as a colagogue appears

to be merely in furnishing the liver with ready-made bile constituents

which it excretes by the proper channel, the bile passages. Bile

does not appear to cause the liver to secrete strictly new bile, and
therefore is probably not a liver stimulant.

6. Some of Folin's results regarding normal metabolism are

confirmed.



STUDIES OF THE PERISTALSIS OF THE URETER OF

DOGS BY THE GRAPHIC METHOD.

/\^ew York.]

Introductory.

/-.UR present knowledge of the movements of the ureter dates

U back to the classical studies of Engelmann,^ published about

thirtv .even vears a-o. His careful studies were made by smiple

c2 obs r-^^^^^^ o1 the movements of the ureter in the dog cat

Zit. and rat. Engelmann made the statement that

>"

J - ^^^^^

movements mi-ht be studied by the graphic method, ^e, however

d. nr^arry out such experiments. The studies by Soko off and

Luchsinger/which were published about a dozen Y-" ^ -•;;;

a^so made by simple inspection. These observers removed the ureter

f om'heanfmal and studied the influence of the .ntrauretera pres-

IZTL the rate of contractions, the ureter being u.mersed u. a

X: bath. The ne.xt experimental studies, made ^.-tly upon

ureter, were reported by Fagge^ only a few years ago. They vvere

el out on dogs, and were conducted by the graphic method^

LSern^ studied recently by the graphic method the movements of

L Writer of guinea pigl The ureter was removed from the body

and kept in warm solution of 0.8 per cent sodium chloride.

B des these direct investigations of the behavior of the urete .

we fi:d incidental remarks on the contractions of tl- oi^an i.^n -

merous papers upon the so-called ureter pressure. In these latter

™rHme7s. which aimed chiefly at a study of the factors in renal

Secretion, the ureter was connected with a mercury manometer.

. ENGELMANN-: Archiv fur die gcs.mmle Physiologie .869, ii, P- 243-

» SOKOLOFFand Luchs.ngeh: IHd.. .88., xxv. p. 464.

8 Fagge, C. H.: Journal of physiology. 1902, xxvui, p. 304-

* Stern, L. -. Th^ise de Geneva, 1903.

392
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Some observers took notice of certain undulations of tiie mercury

which appeared to be due to the contractions of the ureter. Hender-

son ' gave a condensed account of the changes in the ureter pressure

so far as the}- were due to the contractions of the ureter. He pub-

lished no tracings. Frey '^ recently observed frequent fine undula-

tions of the mercury meniscus in the manometer while the pressure

was gradually increasing. A curve of these fine, hardly visible un-

dulations was reproduced. These rhythmic waves were less frequent

than the respirations, and Yx&y ascribed them to the contractions of

the ureter.

Fagge, who was, as stated above, the first one to obtain graphic

presentation of the ureter contractions, gave only a short account of

his observations. His method consisted in introducing a very fine

silver cannula from the interior of the bladder into the lumen of one

ureter. Over the perforated end of the cannula was fi.xed a small

rubber capsule, and in one or two cases the balloon was introduced

through a longitudinal slit about the middle of the ureter. It may
be remarked here that such a balloon in the narrow lumen of the

ureter probably offers considerable resistance to the flow of the

urine, which is surely not without influence upon the rate and char-

acter of the ureteral waves. Fagge stated that the ureter in many
cases was found to be motionless or to present slight contractions

recurring at intervals of thirty to sixty seconds. Stimulation of the

hypogastric nerve was always followed by a motor effect upon the

ureter which consisted either of a quickening of the normal rhythm

of contraction or of a production of groups of contractions in a

previously motionless ureter. Fagge published two short tracings

illustrating these effects.

As a study of the literature shows, the functional activities of the

ureter have received very little attention.^ Consequently, this field

seemed to me to offer favorable opportunities for experimental re-

search. For the past two years or more I have been engaged in the

investigation of several problems connected with the physiology and

pharmacology of the ureter.* The work was carried on in the labora-

' Hendekson, V. E. : Journal of pliysioloj;y, 1905-1906, xx.\iii. p. 175.

- Frey, Eknst: .Arcliiv fiir die ges.immte Physiologie. 1906, cxii, p. 71.

' The so-called ureter pressure which was the subject of many studies is, as

already pointed out by Henderson, a misnomer. In the investigations referred to,

it was not the pressure of the ureter that was studied, but the pressure of the kidney

secretion as observed in a manometer tied in the ureter.

" .\ number of observations made by me on the physiology and pharmacology
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tory of Physiological Chemistry of Columbia University at the College

of Physicians and Surgeons. In the present paper however, I shall

confine my statements to a report of the results of a further study

of the normal peristalsis of the ureter of the dog by the graphic

method, chiefly carried out last summer under the direction of Dr.

S. J.
Meltzer in the Rockefeller Institute for Medical Research.

Expp:rimental.

Methods.-The earlier experiments which led up to those herein

described were made on dogs. As a rule, large animals were used.

Different methods of anesthesia were employed :
with ether, chloro-

form, morphin and atropin, decerebration, intraspinal cocainization,

subcutaneous injection of magnesium sulphate, etc. The results

which are communicated in this paper, however, were obtained ex-

clusively under morphin anesthesia. Chloroform or ether were

employed only for the purpose of studying their effects upon the

ureteral peristalsis.
• , ,

The animal having been anesthetized and tracheotom.zed, the ureter

was exposed by an incision along the linea alba from symphysis pubis

to ensiform cartilage. The abdominal walls were then retracted, the

intestines were drawn to one side, and the viscera as well as he rest

of the animal were covered with warm towels and cotton When the

trocar method (to be described later) was to be employed, the kidney

was exposed by another incision, along the lower border of the last

rib or by a small loni^itudinal incision directly over the kidney. The

left kidney was used when this method was employed, on account of

its lower and more accessible position.

The principle I have employed in obtaining a graphic presentation

of the ureteral movements consists in connecting the lumen of the

ureter or the renal pelvis with a water manometer, the undulations of

the column of water being then transmitted by means of a float and

style to a revolving drum. The connections with the ureter were

made by three methods :

of the ureter are omitted from this paper, because further study of the severa] prob-

en involved is desirable and will be made in the Depanment
"^J

'^X-
^^

-

Chemistry before their detailed publication. 1 have

^^^^l^^^^^,
of some of them in a brief preliminary commumcafon. See '

Z^™;"^ ;;;f^^^
Society for Experimental Biology and Medicme, '905, >'. p. 6-

,
also Science xx^,

p. 74. American medicine, ix, p. 744; Medical news, Ixxxvn, p. 87 Th e

per Lnts performed before June , of the present y-^--^^-";'.'"'
,,; nTf

offered, from the Department of Physiological ^'-e-stry in par ,a hlmen, of

the requirements for the degree of Master of Arts at Columbia Un,verMtv.
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1. By introducing a T cannula into the ureter through a longitudinal

slit. For brevity's sake, this will be termed the T cannula method.
2. By introducing into the ureter a cannula which is a modification

of the Ludwig-Spengler. artery cannula. In this modified cannula
the two portions between which the vessel wall is clamped are made
of half cylinders, the perpendicular portions of these being set nearer
one end of each than the other. With this cannula a much smaller
incision is required

; no ligation being necessary, the propagation of

the muscular wave of the ureter is only slightly interfered with,

the vessels of the ureter can be avoided, and the nutrition of the

ureter is only slightly impaired. The lumen of the ureter is also

much less constricted than by the T cannula. This method will be
referred to as the L cannula method.

3. By introducing a trocar through the kidney into the renal pelvis.

A trocar with a blunt obturator was pushed through the cortex and
medulla of the kidney so that it just entered the renal pelvis. It was
retained in place by a purse string suture around the point of punc-
ture of the capsule of the kidney. This also helped to stop bleeding,

which, however, was surprisingly slight. A small quantity of warm
salt solution or urine aspirated fresh from the bladder was injected

through the needle; thus the patency of the cannula and ureter was
ascertained. This will be referred to as the trocar method.

In connectmg the cannula with the water manometer by means of

narrow glass and rubber tubing, the low column of urine was sepa-
rated from the water in the manometer by a column of air. Any
movement of the urine caused an undulation in the manometer.
These undulation.s were recorded on a drum by means of an Emerson
float.

1

The lumen of the ureter remained patent in all methods. The
T cannula, however, narrowed the lumen considerably, and the
resistance which it offered to the flow of urine through the ureter was
much greater than when the L method was employed.

In most of the experiments of the present series the ureter re-

mained in normal connection with the bladder. In some experiments,
however, the ureter was severed near the bladder, the urine escaping
into the abdomen or being carried out of the body by a glass tube
connected with the cannula in the ureter. This cannula narrowed,
of course, the lumen of the ureter, antl thus afforded some resistance

' Emkrson. H: Troceedings of the .Society for K.xperimental Biology and
Medicine, 1904-1905, ii. p. 38.
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to the Bow of urine out of the urcte. In son.e of t^e experin.ents

the urine was caused to drop on a pan connected w, h a Marc)

tambour, by means of which the flow of urine was recorded.

In some cases the outlet cannula was connected w,th a measure

vertical glass tube of small calibre, enabling one to study the effect

of the resistance to the flow of urine upon the per.stals.s of the

The dose of morphin varied from 0.06 to 0.12, depending on the

size of the animal. This was given subcutaneously sixty to ninety

n nutes previous to the operation. All experiments were commenced

"the morning; the animals had not been fed since the previous

evening, but they had free access to water.

The ;eristalsis of the ureter of dogs. _ Engelmann's statement that

in
.' fresh

' animals 3 to 6 spontaneous contractions occur in the ure-

ter per minute (every ten to twenty seconds) refers only to rabbit .

For doc^s I f^nd nowhere any definite data on this point. The abo^e-

mentioned observations of Fagge to the effect that in many cases the

ureter was found to be motionless or that the contractions recurred

at intervals of thirty to sixty seconds can hardly be accepted as a

expression of what really takes place in a normal animal. (I find

however, from one of the protocols of an experiment on a dog by

Luchsinc^er and Sokoloff, that the ureter before its excision was con-

tra n^ten times per minute. In a dog in which the ureter was cut

n the Middle, they observed that the upper part was contracting en

times and the lower part four per minute.) As to my own experi-

ments I have to state at the outset that in the observations made by

s mple inspection I have never seen a motionless ureter. In a few

nstances the graphic method has failed to reveal tracings of mo e-

m rif the ureter. In these very few exceptions, however, the

failure was due either to the use of chloroform or to some accidental

fault in the technique.
.

According to Engelmann, the spontaneous contractions of the ure-

ter are less^requent the less "fresh" the animal. In my exper,

n ents the animlls, when they were ready for observations, were not

"
r sh

•• any longer. Moreover, unlike the conditions of hngelmann s

si p e method o^f observation, the ureter itself had to be handled m

my experiments, in order to insert the cannulas. Inirthermore, the

Zrivation of the renal pelvis and ureter of urine by the opening of

the ureter or pelvis is another factor working against the appearance

If t perista tic movements in the ureter. Nevertheless, as a rule.
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wiihiii a few minutes after the connections of the ureter with the

graphic apparatus had been perfected, the ureter was causing curves

to be traced on the drum, of one kind or another.

Another point of interest is the fact that when the contractions

had become well established, if not purposely interfered with, they

A I I M 1 I I M M I I M I I I I I I I I I I I M I M I I I I I I I I 1 I I I

"
I I I I I I I I M I 1 I I M I I 1 I I I I I I I I I I I 1 I I I I I I I I M I I I I I I I

FlGURHS 1« and 1 *.— Ureter peristalsis. Middle of ureter connected by means of an

L cannula with a water manometer, the style of which traced the undulations. Lower

end of ureter connected with a vertical glass tube containing 11 cm. of urine.

Figure 1 a obtained soon after beginning of experiment : Fig. 1 h obtained 3 hours

later. Time markings, 6 seconds. Straight line the base line for the ureter pressure.

continued in about the same frequency and character for three to four

hours or even longer,— in fact, sometimes as long as the e.xperiment

lasted. Figs, i a and i b are from the same continuous experiment.

I a was obtained at 1 1.30 a. m., and i b was obtained at 2.30 p. m.

The tracings differ very little in the two figures, either in frequency

WVvv/lAAvvvv\yVVA^VV/AAAAA7V^

FiGURK 2. — Peristalsis of middle part of ureter obtained by means of an L cannula.

Urine discharged into bladder. Time, 6 seconds. Straight line base line.

or in extent. This is especially noteworthy because during the long

interval the animal was exposed to several tests, as, for instance, to

the influence of chloroform or ether, and to which I shall refer later.

The above figures also show that in this experiment the contrac-

tions of the ureter occurred about 4 to 6 times per minute. This rate

is quicker than the one given by Engelmann for rabbits, and more

rapid by far than the rates observed by Fagge in his experiments on

dogs. However, I have to state that the rate was by no means a

constant factor in niy experiments. Not only did the number of con-

tractions vary for different animals, but also in the same animal; it

varied with different influences, and sometimes changes in rate oc-

curred suddenly without any apparent cause. Figs. 2 and 3 illustrate

this. They are from different animals. In Fig. 2 tiie intervals be-

tween the contractions varied between twelve to twentv seconds; in
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Fig. 3 the intervals varied between twenty-four and fifty-four seconds

and, exceptionally, an interval of even eighty or ninety seconds oc-

curred. This was the case during the first half-hour of the experi-

ment; later, the normal intervals were rarely longer than twenty

seconds and were more regular.'

The contractions, or rather the markings of contractions of which

I am speaking here, were obtained from about the middle of the

ureter, the place which probably was mostly under observation by

previous experimenters.

While the rate of contraction of the middle part of the ureter

varied sometimes, and although the intervals between the contrac-

I I M I I I I I I I I I I I I I I

Figure 3.— Peristalsis of middle part of ureter obtained at tlie beginning of experiment

by means of an L cannula. Urine discharged into bladder. Time, 6 seconds.

tions were occasionally very long, 1 can state nevertheless in a gen-

eral way that the contractions of the ureter of a dog anesthetized by

morphin occur fairly regularly, the length of the period between

the contractions varying in different animals as a rule from six to

twenty seconds. The variation in different animals as well as in one

and the same animal depends largely on external influences, chief

among which are to be mentioned the amount of urinary secretion

and the anesthetics employed. The significance of these factors I

shall discuss later. '

So far the experiments by the graphic method confirmed in a gen-

eral way the statements made by other observers who studied the

movements of the ureter by simple ocular inspection. I have, how-

ever, made some other observations for which I have found practically

no analogy in previous statements. In the curves of Fig. 3 it may be

seen that each large elevation is superimposed by a number of fine

undulations. This is more pronounced in Fig. 4. ^vhich was obtained

in a later phase of the same experiment. These tracings were ob-

tained from an " L cannula" in the middle of the ureter, the latter

not being interfered with otherwise. I have, however, made a series

of experhnents in which two cannulas were inserted in the same ure-

ter, one in the pelvis and another at about the middle of the ureter,

and here I made the surprising observation that each cannula pre-
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sented a radically difterent curve. While the curves from the middle

of the ureter were large and infrequent, the curves from the renal

pelvis appeared in the form of very frequent and small oscillations,

each " period " lasting only from one second to three.

V
I I I I M I I I I I 1 I I 1 > 1 I

I I I M ' I 1 1 I 1 I M M 1 I I 1 I
I I' ll

Figure 4. Same as Kig. 3. Obtained about half an hour later.

Fig. 5 presents two such synchronously written curves. The upper

curve was obtained from a T cannula which was inserted at the junc-

tion of the lower and middle third of the ureter. The lower curve

FiGURK .S.— Upper tracing from T cannula in ureter at junction of middle and lower

third. Lower tracing from renal pelvis by means of an L cannula. Urine discharg-

ing into bladder. Time, 6 seconds.

was obtained from an L cannula inserted in the renal pelvis. The

pelvic oscillations were sometimes even more rapid than those shown

on the portion of the curve reproduced. The experiment on this

animal lasted over si.x hours, the cannulas were continually writing

throughout the entire experiment, and the character of each curve

remained the same until the experiment was terminated.

The oscillations appear small and frequent also when obtained

from the uppermost part of the ureter (see Fig. 6). It appears,

however, that the ureter oscillations are a trifle larger than the pelvic

oscillations.
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From an analysis of the eleven experiments in which the renal

pelvis was connected in one way or another with the recording appa-

ratus, it appears that in four experiments in which the connections

were made by means of an L cannula, all have shown the frequent

short oscillations throughout nearly the entire experiment. In

seven other experiments the connections were made by means of

a trocar. Of these in three experiments all of the contractions

_,yv%r»vVYyvn'T"^ar\rv"'''^in^YVT/
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Figure 6 -Upper tracing from renal pelvis by means of trocar. Lower tracing from

L cannula in ureter very close to pelvis. Both straight lines are base lines for the

intraureteral pressures. Urine discharged into bladder. Time, 6 seconds.

appeared in the form of small frequent oscillations. In one (4th)

experiment there was at first no movement at all, but later small os-

cillations developed, apparently spontaneously. In another experi-

ment (5th) there were no spontaneous motions of any kind during

the greater part of the experiment, but an intravenous injection of

caffehi brought out some very small and very frequent oscillations.

In one experiment (6th) the manometer connected with the renal

pelvis wrote a straight line during the entire time of observation.

Finally, in one experiment (7th), in which it was necessary to give

the animal chloroform to keep it in anesthesia, very fine oscillations

appeared once in a while, but were interrupted at irregular long in-

tervals by slightly larger curves, which frequently continued without

smaller oscillations. Apparently the connection of the renal pelvis

with the recording instrument by means of the trocar method was

less satisfactory than the L cannula. Very fine movements of the

pelvis were probably not transmitted by the needle, but a rise of pres-

sure in the pelvis brought them out. A venous infusion of saline, or

an injection of caffein, and sometimes, also, a resistance to the flow
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Fk.ure 7.— Two-fifths the original size.

Upper tracing by trocar from pelvis,

lower tracing by T cannula from mid-

dle part of ureter. A rise in the pelvis

curve corresponds to a drop in the

ureter curve. Oscillations in pelvis

curve hardly visible. Urine discharged

into bladder. Time, 6 seconds.

of urine in the ureter, induced by clamping of the ureter, favored

the appearance of the frequent oscillations in the renal pelvis.

I believe these experiments justify the general statement that the

renal pelvis and the uppermost end of the ureter of dogs under the

above conditions show as a rule

very small contractions, which re-

cur for the most part regularly at

intervals of one to three seconds.

Larger contractions, recurring at

much longer intervals, appear

sometimes also in tracings ob-

tained from that section of the ure-

ter, but, on the whole, they are

rare, they ajipear onh' for short

periods, are not large, and are al-

ways superimposed by the small

frequent oscillations. The condi-

tions under which they appear have

not as yet been ascertained. Retarded flow in the lower part of the

ureter seems to favor their occurrence, and in one case at least, their

appearance corresponded to the rela.xations of the tonus of the

middle part of the ureter. Therefore it is more probable that the

elevations were due to reflu.x of urine to the pelvis than to a contrac-

tion of the pelvis (see Fig. 7).

From the results of two experiments it would appear that the upper

end of the ureter shows transitional contractions, that is, the contrac-

tions are a little larger and a little less frequent than the ones from

the [jelvis, but they appear more frequently, and are distinctly smaller

than the curves from the middle of the ureter.

That the rapid oscillations were not due to heart beats and respira-

tory movements has been frequently ascertained by a comparison of

the number of each of these movements and also by the graphic

method. It was proved especially that the course and rhythm of the

renal oscillations were in no way changed by deep respirations' or

during apnoea (see V\g. 8).

' The animals were not curarized. Moderate movemeiit.s made no impression

upon the pelvis and ureter curves. Struggles of the animal, however, drove up

the intraureteral pressure and changed temporarily the rhythm of the movements.

The effect was probably due to an increased outflow of urine into the pelvis and

ureter.
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With regard to the contractions of the middle part of the ureter, it

has been stated above that the curves representing them were as a

rule comparatively infrequent and fairly large. (This applies in

general also to the curves obtamed

by means of the T cannula, which,

by the way, were far less satisfac-

tory than those obtained by means

of the L cannula.) Of the four-

teen experiments in which the

middle part of the ureter was

marking contractions, there was

none in which the characters of

these coiuractions were essentially

the same as those observed in the

pelvic tracings. In one experi-

ment the urine was escaping from

the lower end of the ureter through

a vertical tube against a pressure

of 20 cm. of water. In this exper-

iment the contractions showed an

inclination to become compara-

. .. -

—

. tively small and recur as rapidly

Figure S. -Two-thirds the original size. as once every three or four sec-

Upper tracing (respiration) by means of a onds. In other experiments in

Marey cardiograph. Lower tracing from
^j^j(,j, f^g urine escaped through

ureter close to pelvis by means of an L
, ^j^^ ^^^^^, gnd of the

eannula. The deep respiration as well a caniuiia

as the following pause made no impres- ureter against a moderate pres-

sion upon the oscillation of the ureter
g^j^e, the CUrves were of the type

curve. Time, 6 seconds.
represented in Fig. I. They had

a tendency frequently to appear bigeminal, and exhibited a slight

drop at the crest of the curve.
.

In experiments in which the urine was normally discharged into

the bladder, the curves were generally large and appeared 'ess fre-

quent. Among these latter experiments there were three in which

most of the curves presenting the large contractions of the ureter

were superimposed by numerous finer movements (see Figs. 4 and 9).

In the course of the experiments such curves developed the tendency

to appear frequently in long lasting elevations, the tops of which

would present a shorter or longer line of slight oscillations. More-

over, near the end of a long experiment the large elevations ^tended
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to disappear entirely, and the tracing then consisted only of frequent

smaller movements similar to those obtained from the renal pelvis

(see Fig. 10 ).

Fir.iFRE 9.— Peristalsis by an L cannula from middle of ureter showing fairly regular,

large contractions, superimposed by smaller oscillations ("groups " of some authors).

Urine discharged into bladder. Time, 6 seconds.

Such tracings make the impression that fatigue affects primarily

the larger contractions. On the other hand, an intravenous injection

of a large quantity of saline in the course of the experiment abolished

.i^vu^^^"'

FiGURK 10. — Upper tracing by a T cannula at junction between middle and lower third

of ureter. Lower tracing by an L cannula from pelvis. .About 5 hours after begin-

ning of e.'cperiment. Upper tracing shows tendency to lose the larger contraction,

but ncit the liner oscillations. Time, 6 seconds.

for a while the small oscillations and increased the frequency of the

larger movements (see F"ig. ii). Increased diuresis, and with it

increased intraureteral pressure, favors apparently the development
of the larger contractions in the middle part of the ureter. It should

be stated again that in a large percentage of the curves obtained from

the middle part of the ureter no fine frequent oscillations ever ap-

peared either superimposed or alone during a long experiment, although
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here too the tracings sometimes exhibited bigeminal or trigeminal

crests.
, .

, , 1 1

Only two successful experiments were made in which the lower end

of the ureter, about one inch away from the bladder, was connected

with the recording apparatus. In one experiment the movements were

sli-ht, and appeared at intervals of four to eight seconds, and only

after considerable intraureteral pressure. For a short time at the

beginning of the second experiment there were moderately large

Figure 11.- Peristalsis by an L cannula from middle of ureter, showing the effect of

ntravenous injection of 50 c.c. of saline. Time, 6 seconds.
an mt

contractions at intervals of six to ten seconds, but the contractions

soon became frequent and small, and could not be distinguished from

the oscillations which were simultaneously obtained from the renal

pelvis. Although the number of these experiments is too small to

permit of any positive conclusions, I have gained the impression that

the contractions of the lower end of the ureter are generally more

frequent and not nearly so large as those invariably exhibited at the

middle part of the ureter.

These graphic studies of the movements of the ureter brought out,

in the first place, the fact that, besides the larger and infrequent

contractions which were hitherto known, there are contractions of

another kind which are small, but which appear with much greater

frequency than the large ones, and which have not been described by

other observers. These frequent oscillations appear especially in the

renal pelvis and in the upper part of the ureter. Possibly these

oscillations appear frequently also in the lowermost part of the ureter.

Ill the middle part of the ureter these frequent small waves appear

sometimes as superimposed oscillations of the larger contractions.

These large contractions occur for the most part about the middle of

the ureter, and occur rarely if ever in the renal pelvis and the adjacent

part of the ureter. Possibly they occur occasionally in the lower part

of the ureter. Fatigue of the middle part seems to affect primarily

the large contractions, and favors the appearance of the frequent
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oscillations in cases where they were superimposed upon the large

contractions.

The fact just referred to might explain the above-mentioned obser-

vation of Frey. namely, that during the rise of the ureter pressure the

mercury in the manometer showed very small rapid oscillations.

The manometer was surely not connected with the uppermost or the

lowermost part of the ureter. These rapid oscillations, therefore,

^ , , I I M '
I

' ' ' ' ' ' ' ' ' ' '
I

'
I

'
I I I I ' '

I " ' ' ' I
' ' ' ' ' ' ' ' ' ' ' ' '

'

'

FiGURK 12.- From the s.ime e.xperiment as Fig. 1. Shows the effect of chloroform upon

the ureteral peristalsis.

might have been of the same kind that we have seen in the middle

par^t when the latter was fatigued. Frey says expressly that he saw

them only in a few of his experiments.

The middle part of the ureter acts then differently from the upper

and lower ends. May this phenomenon not be connected in some

way with the fact that the middle part of the ureter has no nerve

cells (Engelmann), or a lesser number than both ends (Dogiel and

others) ?

I shall not enter for the present into a further discussion of the

merits of this theory.

Effect of anesthetics.— I have yet to report on one or two more find-

ings which are of theoretical and practical interest. I have stated

above that in this series of experiments morphin was used as an

anesthetic. The reason for not employing such efficient anesthetics

as chloroform or ether was because they affect profoundly the be-

havior of the peristaltic movements of the ureter. Of this point

I have made a special study, the essential results of which I shall

mention here very briefly.

Both chloroform and ether reduce considerably the size as well as

the frequency of the large contractions of the middle part of the

ureter, and if continued abolish them entirely, the intraureteral pres-

sure being reduced in all parts of the ureter (see Fig. 12). When

the administration of the chloroform or the ether was only brief,

sometimes the deteriorating effect did not set in until a little while

after the use of the anesthetic was discontinued. In a few cases,

a little while after recovery from the evil effect of the anesthetic,

another period of deterioration set in as a second after effect.

There are some differences between the effects of chloroform and
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ether. I shall, however, omit here the minor details, and shall state

that in general the effect of chloroform is much more^profound than

that of ether.

These observations give the probable key to the above-mentioned

remarkable experience of Fagge, namely, that in his cases the ureter

s:o7 j:io

\

Figure 13.— Upper tracing by T cannula at junction o£ middle and lower third of ureter.

Lower tracing by an L cannula from pelvis. Shows the effect of chloroform; the

large contractions are abolished, but not the finer oscillations. (The larger elevations

on the pelvic tracing correspond to sudden relaxations in the ureter tracing. See

Fig. 7.) Time, 6 seconds.

was either motionless or that movement appeared only once in thirty

or sixty seconds. He used as an anesthetic, besides a preliminary

injection of morphin, the A. C. E. mixture (alcohol, chloroform, and

ether).

Of special interest are the following observations. When the

anesthetic was administered in cases in which the large contractions

of the middle ])ortion of the ureter were superimposed by the small

rapid cscillations, the anesthetic affected at first the large contrac-

tions, leaving the small oscillations unimpaired, thus converting the

curve into one resembling that obtainable from the renal pelvis.

Furthermore the small oscillations from the renal pelvis proved to be

also more resistant to anesthetics than the larger contractions from

the middle part of the ureter. (See Fig. 13, upper and lower curves.)

This fact is in analogy with the behavior of the large and small con-

tractions towards fatigue. The small contractions are apparently more

resistant to ]iernicious influences.

Finally, it must be mentioned that possibly the morphin anesthesia
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is also not without detrimental influence upon the movements of the

ureter, and that the actual normal peristalsis of the ureter might per-

haps differ in some material points from those observed in these

experiments.

Resume.

The essential points brought out in this section of my study of the

ureter of dogs, by the graphic method, may be summarized as follows

:

Even under morphin anesthesia the middle part of the ureter

(comprising at least two-thirds) shows comparatively large contrac-

tions which recur, if the urine is permitted to flow unimpeded into

the bladder, at intervals varying from six to twenty seconds.

The renal pelvis and the uppermost part of the ureter show con-

tractions of another type, namely, small oscillations which recur much

more frequently than the large contractions.

Chloroform and ether affect profoundly the large contractions of

the ureter, so as even to abolish them completely, while the smaller

oscillations show a greater resistance towards anesthetics.

It is a great pleasure to express my sincere gratitude to Prof.

William J. Gies for the uniform kindness, encouragement, liberality,

and advice I have enjoyed during my work in the laboratory of Physi-

ological Chemistry at the College of Physicians and Surgeons, and to

Dr. S. J. Meltzer, for invaluable assistance in and for rigorous and in-

structive criticism of all tletails of the work carried on at the Rocke-

feller Institute. I am also indebted to Prof. Stanley L. Coulter, Prof.

Torald SoUmann, and Dr. A. X. Richards for suggestions and criticism

during the course of my work.
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Lntroduction.

IT is somewhat singular that studies of the action of alcohol on the

digestive glands have been confined chietly to inquiries into its

influence on gastric secretion. Clinicians and physiologists have

made the action of alcohol on the production of gastric juice the

subject of a considerable number of rather extensive investigations,

with almost concordant results. Practically all who have conducted

researches on the effect of alcohol on gastric secretion agree that its

administration, at least in moderate quantities, is followed by in-

creased formation of gastric juice, both in the human subject and in

fistulous dogs.

A number of investigations have been carried out on the action of

alcohol on other digestive glands, but, in striking contrast to those

on the stomach, they have neither been as numerous nor as exten-

sive. Thus the action of alcohol on salivary secretion has received

some attention. Excepting the work of Chittenden, Mendel, and

Jackson,''' and more recently that of Zitowiich,* however, no syste-

1 The results of some of the experiments here described in detail have already

been communicated in preliminary reports. Proceedings of the Society for E.\per-

imental Biology and Medicine, 1904, i, p. 43; Science, .\.x, p. 79; American med-

icine, vii, p. 950; Medical news, kxxv, p. 230; Proceedings, 1906, iii, p. 34;

.Science, xxiii, p. no; American medicine7 p. 107; Science, 1906, xxiii, p. 335;

Proceedings of the Section of Biological Chemistry of the American ClTemical

Society in'affiliation with Section C of the American Association for the Advance-

ment of Science, 1905: Proceedings of the Association, 1906, p. 330.

1 am indebted to Professor J. G. Curtis for permission to carry out Experi-

ments 10 and II in the laboratory of the Department of Physiology.

- Research P'ellow of the Rockefeller Institute for Medical Research.

3 Chittf.nden, Mendel, and Jackson: This journal, 1898, i, p. 162.

< Zitowitch: .Mitteilungen der militiir medizinischen .A.kademie, September,

1505.
40S
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matic study of this particular phase of the subject has been made.

The effect of alcohol on the secretory activity of the pancreas was

merely touched upon by Claude Bernard,' and not until recently has

it been accorded a fuller measure of attention.

Even more scanty is our information concerning the action of

alcohol on the secretion of bile. The first attempt to study the sub-

ject was made by Rutherford,- who concluded, from the results of

experiments on two dogs with temporary biliary fistulas, that alcohol

is without any effect on the secretion of bile. Later, Dombrowski^

and Barbera ^ made a few casual observations in this connection and

came to the same conclusion. More recently Rutherford ^stated that

after the administration of alcohol in the form of whiskey to a pa-

tient with a biliary fistula, he also had failed to notice any increase in

the flow of bile. The lack of a systematic study of the action of alco-

hol on the secretion of bile has made more extensive and thorough

investigation of this subject particularly desirable. The present

research was undertaken to meet this need.

Methods.

My experiments were conducted on healthy, well-nourished dogs.

At the beginning of the work the bile was obtained by means of

temporary biliary fistulas. Later, a permanent complete gall bladder

fistula was also made use of for the same purpose. In all the

experiments in which temporary biliary fistulas were employed, the

following procedure was adopted. Ether narcosis was induced with-

out the previous use of morphin. To prevent the flow of bile from

the gall bladder the cystic duct was securely ligated. A cannula

attached in the usual way was then introduced into the common bile

duct.

The bile was collected in graduated cylinders which were changed

ever)' fifteen minutes or, in some experiments, every ten minutes,

thus affording a satisfactory means of studying the rate of secretion.

' Bernaui), Claude : Lefons sur los effets des sulistanccs toxiques, Paris

1857, P- 433-
'^ Rutherford : An experimental researcli on the pliy,siological action of drugs

on the secretion of bile, Kdinburgli, iS8o. .Mso Journal of an.itomy and physiol-

ogy, iS75< X, p. 215.

" DOMUROWSKI : quoted by L(")VVEnton, Dissertation, Dorpat, 1S91, p. 15.

* Barbera: lUiUetino scienze mediclie di Hologne, Serie \'II, 1S94, v, p. 516.

' Rutherford : British medical journal, 1898, ii, p. 775
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In two experiments the rate of secretion was studied with the aid of

the drop recorder. In these experiments, after four or f^ve samples

of bile had been obtained, alcohol was injected into the circulation

from a burette connected with a cannula in the femoral vein. In an-

other series of experiments alcohol was introduced into the stomach

or into the intestines. The operation was performed usually about

twenty hours after the dog had been fed. In a certain number of

experiments, however, three to seven hours only were allowed to

elapse between the feeding and the operation. Again, in rare in-

stances, the period of fasting was extended thirty to forty hours.

The results of injecting alcohol directly into the circulation are

presented in the following summaries:

Experimental Results.

Serie-^ A. — The secretion of bile after the intravenous injection of alcohol.

Experment .'.-Female dog; weight, 5.7 kilos. Fed twenty hours before

the operation. Ether narcosis. Bile collected in fifteen mmute periods

as follows

:

Period I. 0.20 c.c. Period III. 0.250.0.

" II. 0.20 " " IV. 0.2 "

Total (I-IV), 0.85 c.c; average, 0.21 c.c.

20 c.c. of 40 per cent alcohol injected into the femoral vein.

Period V. o.io c.c.
' Period VII. 0.20 c.c.

" VI. 0.10 " " VIII. 0.10 "

Total (V-VIII), 0.5 c.c; average, 0.12 c.c.

Experiment 3. - Male dog ; weight, 10.5 kilos. Fed about four hours before

operation. Ether narcosis. Neck of gall bladder ligated, then a cannula

introduced into the common bile duct. Bile collected in fifteen minute

periods as follows :

Period I. 1.8 Period III. 1.5

" II. 1.5
'' IV. 1.4

Toi.il (1-IV), 6.2 c.c; average, 1.55 c.c.

13 cc. of 30 per cent alcohol injected into the femoral vein. Respira-

tion ceased. No bile flow. Respiration was soon restored. 7 c.c. of

30 per cent alcohol were then injected and biliary secretion was resumed.

Period V. i.ic.c. Period VI. i.ic.c

10 c.c. of 30 per cent alcohol injected slowly into the feinor.il vein.

Period Vil. 0.9 c.c.
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10 c.c. of 30 per cent alcohol injecteil into the femoral vein.

Periorl VIII. 0.9 c.c.

Total (\'-VIII), 4.0 c.c. ; average, i.o c.c.

Experiment 4- — Male dog; weigin, 7.5 kilos. Fed at 10.30 a.m. Ether

narcosis. Neck of gall bladder ligated, then cannula introduced into

common bile duct. Bile was collected in fifteen minute periods as follows :

Period I. 1.9 c.c. Period IV. 0.75 c.c.

" II. 1.0 "
.

" V. 0.85 "

" III. 0.8 "

Total (1-V), 5.03 c.c; average, 1.06 c.c.

10 c.c. of 30 per cent alcohol injected into femoral vein. Respiration

ceased ; soon recovered.

Period VI. 0.75 c.c.

20 c.c. of 30 per cent alcohol injected into femoral vein. Heart

stopped, soon recovered.

Period VII. 0.15 c.c.

Total (^'I-^'II). 0.90 c.c. ; average, 0.45 'c.c.

Experiment 5. — Male dog ; weight, 11.8 kilos. Fed at 10.30 a. m. Ether

narcosis. Neck of gall bladder ligated, then cannula introduced into

common bile duct. Bile was collected in fifteen minute periods, as

follows :

Period I. 1.75 c.c. Period IV. 0.2 c.c.

" II. 0.7 " " V. 02 "

" III. 0.4 "

Total (I-V), 3.25 c.c; average, 0.65 c.c.

50 c.c. of 30 per cent alcohol injected into the femoral vein.

Period VI. 0.15 c.c. Period VII. i drop

Total (VI-VII), 0.15 c.c. ; average, 0.075 c.c.

Experiment 9. — Male dog; weight, S. 5 kilos. Fasted twenty houi-s. Bile

was collected in fifteen minute periods.

Period I. o.S c.c. Period IV. 0.7 c.c.

" II. 0.7 " " V. 0.7 "

" III. 0.75 •'

Total (^I-V), 3.65 c.c. ; average, 0.73 c.c.

8 c.c. of 30 per cent alcohol injected gradually for eight minutes.

Period VI. 0.65 c.c.

8 c.c. of 30 per cent alcohol injected gradually for five minutes.

Period VII. 0.60 c.c.
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8 c.c. of 30 per cent alcohol injected gradually for five minutes.

Period VIII. 0.4 c.c. Period IX. 0.4 c.c. Period X. 0.5 c.c.

Total (V-IX), 2.55 c.c; average, 0.51 c.c.

Experiment ;0. - Male dog; weight, 8.75 kilos. Fed seven hours before

operation. Ether narcosis. Cystic duct ligated. Cannula nUroduced

into the common bile duct. Rate of secretion studied by means of the

drop recorder.

Period I. 16 <lrops in 7 min. 20 sec, or an average of i drop in 27 sec.

" II. 30 • 13 '• 40 "
" "

I • ^7 •

" III. 30 • '4 " 4S "
" "

' " ^9 "

88 c.c. 30 per cent alcohol injected into the femoral vein.

Period IV. 28 drops in 15 min., or an average of i drop in 32 sec.

Fifteen minutes later 8 c.c. of 30 per cent alcohol injected into the

femoral vein.

Period V. 16 drops in 9 min.. 13 sec, or an average of i drop in 34 sec.

16 c.c. of 30 per cent alcohol injected into femoral vein.

Period VI. 16 drops in 10 min., or an average of i drop in 40 sec.

An analysis of the foregoing data shows that the secretion of bile

was somewhat diminished after the intravenous injection of alcohol.

This was especially evident in E.xperiment 2. In this experiment

the flow of bile in each of the prealcoholic or control periods, except

No. 3, was 0.2 c.c. When 20 c.c. of 40 per cent alcohol were in-

jected, it fell in the succeeding periods to about o.i c.c. each. In

Experiment 3 the amounts of bile obtained in the two periods im-

mediately preceding alcohol treatment were 1.4 and 1.5 c.c. After

injecting alcohol the secretion decreased within the following half-

hour to^i.t c.c. for a period of fifteen minutes. When an additional

dose of alcohol was given, the quantity of bile obtained in the same

length of time was only 0.9 c.c.

If the amounts of bile in Experiment 4 before and after injec-

tion of alcohol are compared, a continuous tendency in the direction

of decreased flow may be noticed. This will be better appreciated if

the results are considered in detail. During the first fifteen minutes

1.9 c.c. of bile were obtained, while in the next two periods only

i.oc.c. and 0.8 c.c. respectively were collected.

The secretion of bile continued to decrease slightly in the succeeding

fifteen minutes, but in the next period there was an appreciable im-

provement. Alcohol was thereupon injected, after which the secretion
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of bile again diminished. The administration of an additional dose

was followed by a still further reduction in the volume of secretion.

The amount of bile obtained at the end of the next fifteen minutes

was only 0.15 c.c, which was one-fifth that of the period immediately

preceding;.

The disproportionately rapid flow of bile in the early part of this

experiment needs explanation, more especially since a similar effect

was observed in the fifth experiment and in several others. In some

of the animals in this investigation the ligation of the cystic duct, and

the consequent exposure of the under surface of the liver which it

involved, often made considerable handling at least of some parts of

the liver unavoidable. It is quite possible that during these manipu-

lations a certain amount of bile was temporarily held back in the

biliary passages, and then was released later when the cannula was

introduced into the common bile duct. The flow of bile which ensued

during the first period of each experiment may be no index, there-

fore, of the rate of actual secretion during that time, since the quan-

tity collected ma5' represent not only the bile formed during that

period, but also that which might have been accumulated previously

in the biliary passages for the reason stated. Consequently, the first

and sometimes also the second period samples were not regarded as

controls whenever the amounts were comparatively greater than those

in the rest of the four periods. Alcohol was not injected until the

rate of secretion was approximately uniform for thirty or fort\-five

minutes, or until after it was evident that the variation was not con-

siderable. Thus, in Experiment 5, alcohol was injected only after a

uniform rate of secretion had been maintained for half an liour ; other-

wise no inferences could be drawn regarding the action of alcohol, for

the rate of secretion shows diminution all through the experiment. In

this experiment 1.75 c.c. of bile were obtained at the end of the first

period, 0.7 c.c. in the next, 0.4 c.c. in the third. Secretion then be-

came uniform, 0.2 c.c. having been obtained during each of the follow-

ing two periods. Alcohol was therefore injected. The volume of

secretion suffered but little change in the next fifteen minutes, but

the flow soon ceased altogether.

In Experiment 9 the secretion of bile was practically uniform

from the very beginning of the experiment. A small quantity of

alcohol was injected, but very little change in the rate of secretion

was noticed. Two additional doses were given at fifteen minute

intervals. The flow of bile was ajipreciably retarded after the thinl
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dose. iMtially, in Experiment lo, as shown by the number of drops

secreted in a given time, the injection of alcohol was likewise fol-

lowed by a slight decrease in the rate of secretion.

The results of this series of experiments would therefore seem to

indicate that alcohol when injected into the circulation depresses the

secretory activity of the liver. The steady diminution in the flow of

bile that was observed in some experiments before the administration

of alcohol, however, made very desirable a comparative examination

of the volumes of bile secreted in untreated dogs. In the following

experiments the secretion of bile was studied for two hours or more,

so that the amounts of bile collected during the second hour of the

experiment could be compared with those obtained at about the

same time after the injection of alcohol in the experiments already

detailed.

Control experiments (Series A). Expenmcnt 72.- Male dog; weight, 6

kilos. Fed three hours before operation. Ether narcosis. Neck of gall

bladder ligated ; cannula introduced into bile duct. Bile was collected in

fifteen minute periods.

Period I. 2.7 c.c. Period VI. 0.8 c.c.

" II. 1.9 " " VII. i.o '•

.' III. ,.i " " VIII. 0.7 "

" IV. 1.0 - " IX- °-6 '

" V. 0.8 "

Experiment U- — Male dog ;
weight, 6.15 kilos. Fed five hours before opera-

tion. Ether narcosis. Neck of gall bladder ligated and cannula uitro-

duced into common bile duct. Bile was collected in fifteen mmute

periods.

Period I. 1.2 c.c. Period V. 0.5 c.c.

" II. 0.75 " " VI. 0.5 "

u ni. 0.5 " " VII. 0.4 •'

" IV. 0.4 " "VHI. 0.5 '•

After sample VII was collected respiration ceased, but was immediately

restored. Experiment 15. page 415. is also included in this series.

Leaving out of consideration the flow of bile in the first and second

periods 0I Experiments 12, 14, and 15. since, as was pointed out on

page 413, it may represent the amount secreted during these periods

as well as the bile previously accumulated, it will be noticed that the

rate of secretion beginning with the second hour of the experiment or
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soon after was less (12), continued practically uniform (14), or even

exceeded that of the control periods (15). Consequently, it seemed

probable that the uniformly diminished secretion of bile in the exper-

iments of Series A after alcohol had been injected was due to the

action of alcohol. Before drawing any positive conclusions in this

connection, however, it is desirable to consider the data of experi-

ments in which the hepatic cells were stimulated to greater activity

before determining the effect of injected alcohol. A summary of

such experiments is appended.

Series B. — Effects of aliohol after administration of a choiagogue {ox bile).

Experiment I'l.— Male dog ; weight, S kilos. Fed three hours before opera-

tion. Ether narcosis. Neck of gall bfadder ligated. Cannula introduced

into the common bile duct. Bile was collected in periods of fifteen

minutes each.

Period I.
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Period 1. o.S Period III. 0.2

" II. 1,1 " IV. 0.4

Total (I-IV). 2 5 c.c. ; average, 0.62 c.c.

Dilute ox bile injectcil into femoral \ein.

Period V. 2.0 Period VI. 1.5

Total (V-VI), 3.5 c.c; average, 1.75 c.c.

32 c.c. of 30 per cent alcohol injected into femoral vein.

Period Vn. 2.0

20 c.c. of 30 per cent alcohol injected into femoral vein.

Period VIII. 1.3

Experiment S. — Male dog ; weight, 43 kilos. Fed about twenty hours before

operation. Ether narcosis. Neck of gall bladder ligated. Cannula in

common bile duct. Bile collected in periods of fifteen minutes each.

Secretion of bile scanty. O.k bile injected into the femoral vein.

Period I. 1.7 Period II. 1.2

More ox bile injected, as before.

Period III. 1.6

10 c.c. of 30 per cent alcohol injected into the femoral vein.

Period IV. 1.3

10 c.c. of 30 per cent alcohol injected into the femoral vein.

Period V. 0.55 Period VII. 0.3

'• VI. 0.3

Experiment 11. — Male dog ; weight, 18 kilos. Fed twenty-four hours before

operation. Ether narcosis. Cannula in common bile duct. Secretion

of bile estimated by means of the drop recorder. No secretion of bile

obtained for some time. 15 c.c. of aqueous solution of dried ox bile (16

per cent) were then injected into the femoral vein. The rate of secretion

in fifteen minutes was one drop in thirteen seconds. 40 c.c. of 30 per

cent alcohol were then injected into the femoral vein. The rate of secre-

tion of bile in the following fifteen minutes was one drop in fourteen and

one-half seconds. 14 c.c. alcohol were injected as before. The flow of

bile was one drop in seventeen seconds.

In Experiment 7 the injection of the first dose of alcohol was

followed by an increased secretion of bile, but after the second dose

of alcohol there was a marked decline. In Experiment 8 there

was a moderate diminution of the flow of bile after the f^rst dose of

alcohol had been administered, but it was followed by a decided de-
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dine when the dose was repeated. In Experiment 11 the- diminu-

tion of the secretion of bile was slight after the first dose of alcohol,

and somewhat greater after the second.

Tiie secretion of bile after the injection of alcohol (when preceded

by injection of ox bile) did not show a marked decrease, except in

Experiment S. This fact indicates that if alcohol intravenously in-

jected exerts a depressing action on bile formation, it must indeed

be very slight for the dose given, since otherwise the cholagogue

effect of ox bile would have been of much shorter duration in these

experiments than that exhibited. Moreover the increased secretion

of bile in Experiments 15 and 7, after the first dose of alcohol, indi-

cates, in the light of the observations just referred to, that the de-

pressing action of alcohol on bile formation must be insignificant

when it is injected into the circulation in the amounts stated, for

otherwise the delayed admixture with the blood of such small amounts

of bile as were contained in the cannula or the proximal part of the

vein in those experiments would have been without any effect on the

secretion of bile.

Series C.— Docs the tntraveiioiis injection of alcohol iiifliience the

excretio)t of the solid constituents of the bile ? To answer this ques-

tion the following experiments were carried out. As before, the bile

was obtained under ether narcosis by means of a cannula which

was introduced into the common bile duct, the usual precaution of

tying the cystic duct having been taken previously in order to pre-

vent the flow of bile from the gall bladder. The analysis was made

on samples collected during periods of fifteen minutes each. The

bile secreted was received into graduated cylinders and then emptied

into weighed crucibles. The cylinders were rinsed carefully with dis-

tilled water and the washings added to the contents of the crucibles.

The liquids were then evaporated on the water bath antl dried to con-

stant weight in an air bath at about lOo" C. The total solids thus ob-

tained were weighed and carefully incinerated. The quantity of ash

having been ascertained, the total organic matter was determined by

difference. The analytic results are presented in the following

summaries :

Experiment 35. — Dog ; weight, 13.6 kilos. Fed about four hours before oper-

ation. Ether anesthesia. Cystic duct ligated. Cannula introduced into

common bile duct. Bile was collected in fifteen minute periods.
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Period
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90 c.c. of 30 per cent alcohol injected into femoral vein.

V 0.5 34-1 68.2 28.5 57.0 5.0 1 1.2

VI 0.9 54-9 61.0 47.0 52.2 7.9 8.7

VII 0.9 59.7 66.3 51.8 57.5 7.9 8-7

VIII 0.5 34-2 68.4 29.6 592 4-6 9-2

40 c.c. of 30 per cent alcohol injected into small intestine.

IX 1.2 78.8 65.6 68.9 57.4 99 8.2

X 0.8 44.3 5S-3 37-2 46.5 7' 8-8

The results of these experiments agree in showing a decrease in

the absolute amounts of solid matter eliminated in the bile after the

injection of alcohol. But as this might be regarded as a normal vari-

ation and therefore not due to alcohol, the data of the following ex-

periments are presented in order to show the output of biliary solids

in untreated dogs.

Experiment 26. — Male dog ; weight, 9 kilos. Fed about si.x hours before

operation. Ether narcosis. Cystic duct ligated. Cannula introduced

into common bile duct. Bile was collected in fifteen minute periods.

Period
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Experiment 29. — Male dog ; weight, about 60 kilos. Ether narcosis. Cystic

duct ligated ; cannula introduced into common bile duct. Bile was col-

lected in fifteen minute periods.

Period
No.
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TA13LE I.

The Effects on the Secretion of lUle of Alcohol injected into the Gastro-Intesiinal

Can.il (I'.ilc collected in Fifteen Minute Periods).

Exp. N'o.
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the wA-//7r minutes i c.c. of bile was obtained. Further observations

have, with few exceptions, confirmed the results of the preliminary

tests.

As is shown in Table I, the rise in the secretion of bile after alco-

hol was introduced into the stomach or intestines was well marked

in every experiment except in No. 35, in some instances amounting

to 300 per cent or even more. In this connection it is of importance

to note that alcohol was injected a considerable time after the opera-

tion was begun ;
fully two hours were allowed to elapse in some ex-

periments before the effect of alcohol was tested. Since the rate of

secretion of bile tends to diminish in the course of an experiment, as

was learned in this investigation, the augmented flow, noted above,

can only be attributed to alcohol. These results are therefore in

harmony with the observations of the influence of alcohol on other

di'^estive glands when that substance was introduced into various

parts of the gastro-intestinal canal.

It has long been maintained by clinicians and physiologists that

the flow of gastric juice is augmented after the administration of

alcohol. Thus Kiihne ^ states that alcohol is a gastric stimulant.

Gluzinski,''^ who studied its effect on the human subject, found that in

moderate quantities it increased gastric secretion. The same results

on man were obtained by Wolf ^ and Blumenau.* Brandl,^ experi-

menting with dogs provided with gastric fistulas, reported similar

findings. Chittenden, Mendel, and Jackson*' injected alcohol into

the stomach and intestines of fistulous dogs, in varying doses and

strengths, and obtained very large resultant quantities of gastric

juice. The results of more recent investigations, in which the action

of alcohol on gastric secretion (in supplementary stomachs of dogs, as

described by Pawlow), have likewise shown that alcohol is a gastric

stim.ulant. Thus Radzikowski ' observed that alcohol, whether given

by mouth or per rectum, induces the production of gastric juice.

His results were corroborated by Frouin and Molinier,^ Pekelharing,'

' Kuhne: Lelirbucli der pliy.siologischen Chemie, Leipzig, 1S68, pp. 28, 30.

•! Gluzinski : Deutsches Archiv fur klinische Medizin, 18R6, xxxi.\, p 405-

3 Wolf: Zeitschrift fiir klinische Medizin, 1S89, .\vi, p. 222.

« Ulu.menau : Therapeutische Monatshefte, 1S90, v, p. 504.

6 Braxdl: Zeitsclirift fiir Biologic, 1892, xxix, p. 304.

" Chittenden, Mekdkl, and Jackson : Loc. cit.

7 Radzikowski: Archiv fiir die gesammte Phy.siologie, 1901, Ixxxiv, p. 5'3-

» Frouin and Molinieu: Comptes rendus de la soci^td de biologie, 1901, liii,

P- 513- „ .

9 Pekelhaking: Wiener klinische Wochen.schrift, 1902, xv. p. 826.
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and, four years later, by Zitowitch,' all of whom used the same

methods.

Jackson- introduced alcohol into the intestines of dogs and like-

wise obtained increased secretion of gastric juice. Similar findings

have been reported for the human subject. Metzger'' states that

enemata containing red wine, given to patients, is followed by in-

creased gastric secretion. Spiro,'' after giving per rectum 100 c.c.

of alcohol dissolved in 200 c.c. of sodium chloride solution as well

as various alcoholic drinks of the same strength, noticed the same

effect. Meyer 5 found that, after administering alcohol to patients,

the acidity of gastric juice was increased. Kast," who gave alcohol by

mouth or injected it per rectum in the human subject, stated that its

administration produced an increased flow of gastric juice. Carnof

obtained the same results after giving his patients by mouth very

small quantities of alcohol. He stated that fifteen minutes after 5 c.c.

of 65 per cent alcohol had been given there was an increased secre-

tion of gastric juice.

That the secretion of pancreatic juice is affected by alcohol in

a similar way was shown by Claude Bernard,^ who observed that

after giving dilute alcohol pancreatic secretion was accelerated.

Kuwshinski,-' and later, Fleig,"' have reported similar results. Like-

wise Gizelt'^ has recently shown that in dogs with permanent fistulas

alcohol, when given by mouth or per rectum, is followed by increased

secretory activity of the pancreas. He also made the interesting

observation that when alcohol is administered, after cutting the vagi,

the secretion of pancreatic juice is not affected.

That the biliary function of the liver fails to react to alcohol when

injected into the circulation in the amounts employed by me, but is

stimulated if alcohol is introduced into some part of the gastro-

ZiTOwrrcH : Loc. cit.

'•' Jackso.v: Proceedings of the Society for Experimental Hiology and Medi-

cine, 1904, I, p. 20.

" MetzgeR: Miincliener nieilizinisclie Woclienschrift, 1900, xlvii, p. 1552.

* Spnto: Miinchener niedizinisclie Woclienschrift. 1901, xlviii, p. 1872.

' IMevkk: Klinisches Jahrbuch, 1905, xiii, p. 265.

" KAsr: Biochemisches Centralblatt, igo6, v. p. 483.

'' Car.vot: Comptes rendus de la socic^te dc biologie. 1906, Ix, p. S07.

' Beknaiu), Claviif. : Loc.cit.

' Kl'wsiiiNSKi : Dissertation, St. I'etershiirEr, iSSS.

>" Fleig: Comptes rendus de la socicHd de biologie. 1903, Ix, p. 1277.

" GizEi.T: .\rchiv fur die gesammte Physiologic, 1906, cxi, p. 620.
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intestinal canal, was farther shown in experiments of my own (34

and 16).

After injecting alcohol into the femoral vein in Experiment 16, the

amount of bile collected in the next fifteen minutes was only 0.5 c.c

as against 0.9 c.c. in the preceding fifteen minute period, while the

introduction of alcohol into the small intestine one hour later, was

followed by an increased secretion of bile amounting, in fifteen min-

utes, to nearly two and one-half times that obtained in the period of

equal length immediately preceding such introduction. Moreover, as

is shown in the protocol, the secretion of bile during the first fifteen

minute" period after the injection of alcohol into the small intestine

was more rapid than in any of the five preceding periods of equal

lengths.

In Experiment 34 the results obtained, although not so striking,

are nevertheless quite marked. After the injection of alcohol into the

intestine, the amount of bile obtained was 0.9 c.c in the succeeding

fifteen minutes, while only 0.5 c.c. were collected in the period imme-

diately preceding the injection. In the same experiment, fifteen min-

utes after the intravenous injection of alcohol, 0.5 c.c. less of bile

were collected than immediately before such treatment. The increase

in the volume of secretion was attended also by an increase of the solid

elements. As shown in Table II, the percentage of total solids in

Experiment 36 was 130 per cent greater after the introduction of alco-

hol into some part of the gastro-intestinal canal. In Experiment 29

the amount rose to 185 per cent. In the other two experiments

indicated in this table (II), the increase of percentage was much

less, but was still considerable. The inorganic constituents were

likewise increased under these conditions, but to a much smaller

extent.

Series E. — TIic secretion of bile after administration of alcohol per

OS to a dog with a permanent complete gall bladderfistula.

Barbera^ was the first to study the action of alcohol on the secre-

tion of bile in a dog by means of a permanent gall bladder fistula.

He performed three experiments on the same animal ; each experi-

ment was carried out on a different day. He reported that after the

administration of alcohol {300 c.c, — S per cent, given by the mouth)

the secretion of bile remained unchanged.

I carried out a number of similar observations on a dog by the

same method. The operation was performed in the usual way except

' Barbera : Loc. cit.
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that the cannula sufjgested by I'awlow ' was employed. ( )n the

fourth day after the operation treatment with alcohol was begun.

The bile was collected by means of graduated cylinders attached to

the external projection of the cannula. The following summaries

give the essential data:

Experiment A. — Jan. 23. Dog fed twenty hours before experiment. Bile was

collected diiring a control period of fifteen minutes— 2 c c. Alcohol,

50 c.c. of 40 per cent by mouth through a stomach tube. 4 c.c. of bile

were collected in the next fifteen minutes.

Experiment B. — Jan. 24. 1 1 k. m. Dog fed meat, then given water at 1 1 a. m.

12.50 P.M. to 1.50 P.M. 4.3 c.c. of bile were collected. .\t 2.20 p.m.

50 c.c. of 40 per cent alcohol were given by mouth through a stomach

tube. Bile was collected as follows :

Period I. 2.20 to 2.35 p.m. 4 c.c. Period II. 2.35 to 2.50 p. m. i c.c.

Period III. 2.50 to 3.20 p. m. 1.5 c.c.

The total amount of bile secreted in one hour after the administration

of alcohol was 6.5 c.c, which represents an increase of 44.5 per cent over

the control period. The solids were increased in about the same

proportion.

Experiment C.— Jan. 25. Dog fasted thirty-four hours. Rile was collected

as follows

:

8.20 to S.30 p. .M. 0.5 c.c. 8.30 to S.40 p. -M. 0.4 c.c.

50 c.c. of 40 per cent alcohol were given by mouth through a stomach

tube.

8.45 to 8.55 p. .M. 1.8 c.c. 8.55 to 9.05 p. M. 0.9 c.c.

The rate of secretion in this experiment is increased by 200 per cent

as compared with the two control periods.

Experiment D.— Jan. 27. Bile was collected in periods of ten minutes each.

Period I. 1.3 c.c. Period II. 2.0 c.c. Period III. 0.8 c.c.

50 c.c. of 45 jier cent alcohol given by mouth in the usual way and

bile collected in ten minute periods.

Period IV. 4 c.c. Period W 2.6 c.c. Period VI. 1.2 c.c.

In this experiment (D) the improvement in the secretion of bile

after the administration of alcohol was fully 90 per cent in half an

hour, while the amount secreted during the ten minute period imme-

diately succeeding the administration of alcohol was five times as much

as in the period im'mediately preceding. The increase in total solids

' Pawlow : Ergebnisse der Physiologic, 1902, i. p. 273.
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was quite marked also, but the concentration of the bile was somewhat

lower so that the increase of solids did not keep pace with the in-

crease in voUm^e. In the next experiment on this dog, which was

carried out seven days later (February 2), the dog was very much

emaciated and showed signs of general exhaustion. At times there

was no secretion of bile; flow did not begin until fifteen to twenty

minutes after the commencement of the observation. In the next

ten minutes 1.5 c.c. of bile were collected and only 0.6 c.c. were ob-

tained in the following period. Fifty c.c. of 45 per cent alcohol were

then c^iven by mouth in the usual manner. The amounts of bile

collect«l in each of the two succeeding periods of ten minutes each

were 3.3 and 1.5 c.c. respectively.

Summary .\nd Conclusions.

A summary of the results of the experiments reported in this

investigation may now be presented.

When alcohol was injected into the circulation, a slight decrease

in the secretion of bile was observed. Since a progressive diminu-

tion of the flow of bile in the course of an experiment was often

noticed before the administration of alcohol, experiments were car-

ried out on non- treated dogs to study the rate of secretion for about

two hours in each case. It was found that secretion of bile in such

animals may, after one or two fifteen minute periods, remain practi-

cally stationary, may be retarded, or may, on the contrary, even in-

crease after a preliminary diminution. The amount of bile during the

first or sometimes also daring the second quarter of an hour from the

time the experiment was begun was usually ignored for purposes of

comparison, as it probably represented some bile which accumulated

during the operative procedure.

A comparison of the rates of secretion in alcoholized and non-

alcoholized dogs tended to show that alcohol interfered somewhat

with the secretion of bile. Experiments were therefore performed

to test whether alcohol when injected into the circulation would

counteract the stimulating eflfect of ox bile on the hepatic cells of the

do- The results of this line of inquiry were negative. In another

series of experiments on non-alcoholized dogs the rate of secretion

of bile was studied for a period of one and one-haU to two hours. A

progressive retardation of the secretion of bile was noticed. Hence

the'lronchision is justified that the rate of the secretion of b.le in
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dogs is not materially changed when alcohol in the quantities used

in these experiments is injected directly into the circulation. The
presence of alcohol in the blood did not exert, therefore, any appre-

ciable action on the biliary function of the hepatic cell in the dog.

The similar behavior of the salivary gland toward alcohol under

like conditions was pointed out by Chittenden, Mendel, and Jack-

son.' Their investigations have shown that alcohol has no direct

efTect on salivary secretion, its action being in all probability re-

flex, for after the introduction of alcohol into the stomach through a

gastric fistula, the formation of saliva remained unatilected. The same
was shown for the gastric glands by Jackson,- who noticed that the

secretion of gastric juice, which took place after alcohol was intro-

duced into the intestine, failed to occur when that substance was
similarly introduced after section of the vagi and sympathetic or after

injection of atropin. The recent work of Orbeli,^ on the influence

of alcohol on gastric secretion, likewise indicates that alcohol does not

exert any action on the gastric glands. Thus, when alcohol was

given per os to dogs after the subcutaneous injection of atropin,

there was no secretion of gastric juice. In this connection may also

be recalled the work of Gizelt,'' referred to above, who has shown that

the injection of alcohol after section of the vagi fails to provoke

pancreatic secretion. The evidence thus far accumulated points

therefore to the conclusion that physiological doses of alcohol, in

whatsoever ways introduced into the body, do not exert any direct

secretory action on the digestive glands. Hence the observed stim-

ulating effect of alcohol is in all probability nervous in its origin.

Studies carried out to test the effect of alcohol, when injected

intravenously, on the solids of the bile, were likewise negative. On
the other hand, when alcohol was injected into the stomach or into

the intestines, there was a marked increase in the flow of bile, and

the solid elements were also increased absolutely and relatively.

Of the biliary solids the organic constituents were increased some-

what more than the inorganic.

A series of observations was also made on a dog with a permanent

gall bladder fistula. The etTects of alcohol L;iven per os were similar

to those obtained after the administration of alcohol into thegastro-

• Chittknden, Mendel, and Jackson : I.oc. cit.

'- J.ACKSON : Loc. cit.

" Orbeli: Archives des sciences biologique, 1906, .\ii, p. 102.

* Gizelt : Loc. cit.
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intestinal canal of dogs with temporary biliary fistulas under ether

narcosis.

The increased formation of bile after the introduction of alcohol

into the stomach or into the intestines may be caused by secretin

The administration of alcohol per os is attended by the formation of

<rastric juice, which on reaching the duodenum causes the produc-

tion of secretin. Secretin may excite not only the pancreas but the

liver as well. The failure of Rutherford,i as well as Barberar to ob-

serve an increased "flow of bile after administration of alcohol may

be explained on this basis. It has been shown by Spiro^ that alco-

hol fails to induce gastric secretion in achylia gastrica or in cancer

of the stomach. Rutherford made his observations on a patient

with a biliary fistula in a case of cancer of the head of the pan-

creas, and of the common bile duct. Barbera, on the other hand,

performed his experiments on a dog four months and a half after the

biliary fistula had been established. In both of these experiments

the impaired nutrition and altered metabolism of the subject undoubt-

edly induced a condition similar to those which obtained in the cases

of Spiro, the administration of alcohol being therefore without any

effect on the secretion of gastric juice, or on the formation of secre-

tin, and consequently also without any influence on the formation

of bile.

I am indebted to Prof. William J. Gies for his interest in the

subject, as well as for numerous courtesies shown to me in the course

of the research.
1 Ruthkrford: Loc.cit.

- Barbera : Loc. cit.

8 Si'iRO: Loc. cit.



'
TI-^E MOTOR ACTIVITIES OF THE STOMACH AND
SMALL INTESTINE AFTER SPLANCHNIC AND

VAGUS SECTION.'

l!v VV. U. CANNON.

i J [P'rom l/n- /.aliaratory of Physiology in the Harvard Meilicat School.\

IN a research published two years ago attention was' called to a

difference in the rate of discharge of different food-stuffs from the

stomach.- Since the gastric peristaltic waves normally run without

cessation so long as food is in the stomach, the control of the dis-

charge into the intestine must lie at the pyloric sphincter. Until

that sphincter relaxes food cannot pass onward. The question now

arises, Is the long initial closure of the pylorus when proteids occupy

the stomach, and the relatively brief initial closure and the frequent

relaxation when carbohydrates are present, due to refle.xes from the

central nervous system, or is the difference determined by local

mechanisms ? The question can be answered by cutting the nervous

connections between the stomach and the central nervous system and

studying the discharge of food through the pylorus by the method

employed in the earlier investigation.

The stomach and small intestine are connected with the central

nervous system by the vagi and the splanchnics.'' Section of these

nerves in the normal animal and subsequent study of the animal

without further operation, /. <'., by means of the Rcintgen rays, re-

veal the effects of severance of the nervous paths, not only on the

discharge of food from the stomach, but also on the rate and charac-

ter of gastric peristalsis, the rate of passage of food through the

small intestine, the presence of rhythmic segmentation, and other

activities.

' A pieliniinary report of tliis investigation was made at the meetin<; of the

.American I'liysiological Society in Decemlier, 1904, and was printed in tlie Pro-

ceedings, this journal, 1905, xiii. p. xxii.

- Cannon: This journal, 1904, .xii, p. 387.

' Starling : Ergebnisse der i'hysiologie, 1902. i, Biophysik. pp. 450, 454, 459.
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The Method.

In the investigation here recorded one series of animals was studied

with only splanchnic nerves cut, another series with only vagus nerves

cut, and a third series with entire severance of vagi and splanchnics.

The animals used were cats.

In every instance the animal was etherized during the operation.

The hair in the region of operation was clipped short, the skin washed

with soap and warm water, dried with sterile cotton, and finally wet

with ether. The usual aseptic precautions were observed in pre-

paring instruments and the operator's hands. After the operation

the skin wound was covered with a collodion-cotton cocoon.

In order to reach the splanchnic nerves some of the intestines were

removed from the body cavity, and during the subsequent operation

were wrapped in a cloth wet with warm sterile salt solution. Usually

the right major and minor splanchnics, which are more difficult to

reach "than the left, were cut first. A strong thread was in most

cases tied very tightly about the nerve, and the nerve was then cut

distal to the ligature. The ligature was not removed from the

proximal part. The nerve in other cases was picked up in forceps

and a piece about a centimetre long was resected.

Severance of both vagus nerves in the neck is followed in the cat

by difficult inspiration due to improper functioning of the structures

about the glottis. In order to remove the vagus supply to the stomach

and intestines without destroying entirely the innervation of the

larynx, the right vagus nerve was cut below the origin of the recur-

rent laryngeal branch and, usually in a later operation, the left vagus

was sectioned in the neck. About one centimetre of the nerve was

removed in every case.

When both sets of nerves were severed in the same animal, usually

both splanchnics and the right vagus were cut first, and later the

left vagus.

The cutting of the greater and lesser splanchnics on both sides was

followed by almost no appreciable change in the animals. They all

lived more than a month, and were finally killed because of an inflam-

mation of the nose and conjunctiva, which spread as an epidemic

among operated and normal animals alike. After bilateral vagus

section the cats lived without trouble, with the exception of a tempo-

rary failure of oesophageal peristalsis, in two cases for over a month,

in other cases for periods ranging from two to three weeks. They
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never appeared so vifjorous as the animals with only the splanchmcs

cut. Thev also suffered from inflammation of the nose and eyes,

and were usually killed for that reason. After entire severance of

splanchnics and vagi two of the animals were afflicted with the pre-

vailing coryza, one was found dead twelve days after the second

operation, and the remainder were killed by etherization two weeks

after being operated upon. All of these animals were noticeably

asthenic.

Autopsy was made in every case, and the thoroughness of the sec-

tion of each nerve was completely verified.

The activities of the alimentary canal were studied in these animals

at various times after the nerves were cut. As a representative

carbohydrate food potato was fed, and lean beef was chosen as a

representative proteid food. These foods were given in 25 c.c.

amounts, with 5 gm. bismuth subnitrate added to render the mi.xture

opaque to the X-rays. These proportions were used in the earlier

investigation in which the standard rates of discharge from the

stomach were determined. The temporary failure of the oesophagus

to function normally after bilateral vagus section necessitated giving

the food by stomach tube, in order that the standard amount should

be present in the stomach at the beginning of the period of obser-

vation. To be forced through the stomach tube the food had to be

slightly more fluid than it was under the standard conditions.

Results.

The movements of the stomach. — After bilateral splanchnic section

gastric peristaltic waves were always seen, so long as food was in the

stomach, passing in the norma! manner and with the normal rhythm.

When both vagi were cut, the first efTect was often total suppression

of peristalsis. In two instances in which the second vagus was cut

immediately after the animals had voluntarily eaten boiled lean beef,

no gastric peristalsis was observed for four hours; and in another

instance, in which this operation was done the day previous, no gastric

peristalsis was seen during the first three hours after feeding. In

other animals, fed the carbohydrate food, peristalsis was seen a half-

hour after feeding; on one of these animals the second operation, on

the left vagus, had been performed the* day before. Whether, under

the circumstances of these observations, the different food-stuffs

have different effects on the initiation of gastric peristalsis was not
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further determined. In every instance of vagus section, however, the

peristaltic waves, althoup;h recurring with the normal rhythm, were

at first characterized by being extraordinarily shallow. Sometimes

they were hardly visible, at other times they could be seen distinctly

only on the antrum. But the period during which the movements of

the stomach were late in commencing and were notably weak did not

long continue ; as days passed, these abnormalities largely disapi)eared

and the waves started at the usual time and had much of their normal

vigor.

When all the e.xtrinsic nerves were cut, the waves of constriction

coursed over the stomach with the normal rhythm, but these waves,

almost from- the first, contrasted with those observed when the vagi

alone were severed, in being normally deep contractions. A remark-

able feature revealed at the autopsy of these animals was the strong

tonus of the gastric musculature. Through most of the length of

the stomach, in two instances, the diameter of the organ ranged

between 1.5 and 2 cm., a smallness of .size almost incredible when

compared with the diameter of the stomach filled with food.

The passage of carbohydrate and proteid food from the stomach. —
The rate of discharge of food from the stomach was judged, as in

the research already mentioned, from the aggregate length ot the

shadows of the food masses in the small intestine at regular inter-

vals after feeding.

\. After splanchnic section. — The following figures represent in

centimetres the aggregate length of the food masses in the small

Hours after

feeding.
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cases' shows that althoii,i,'h there is f^reater variation from the aver-

age in the cases with splanchnics cut, there is still preserved in every

instance the characteristic rapid carbohydrate discharge. In Fig. 1

is represented graphically the average figures from the above table

and the average figures which resulted after feeding potato in four

normal cases. The amount of this food in the small intestine at the

end of the first and second hours was less in the operated than in the

normal animals, but the difference is so slight as to leave the curve

from the operated animals unmistakably a carbohydrate curve. The

rate of discharge of a typical carbohydrate food from the stomach is

therefore not markedly changed from the normal by cutting the

splanchnic nerves.

How lean beef, as a representative proteid food, is treated by

the stomach after the splanchnic nerves are severed is indicated by

the following figures, representing, in four cases, the total length

of the food masses in the small intestine at the regular times of

observation.

Hours after

feeding.
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after the second operation, no gastric peristalsis was seen for the

first five hours of observation. In none of the cases studied within
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from the stomach remain.s notably retarded after vagus section, there

still persists the characteristic difference between the treatment of

the two food-stufls, — the carbohydrate passes out much more rapidly

than the proteid food.

3. After splanchnic and vagus sirtioii.—lht rate of discharge of

food from the stomach when an interval has been allowed to elapse

after section of all the extrinsic nerves, may be judged from the

figures in the following tables. These figures, like those in previous

tables, give the total length of the food masses in the small intestine,

at the times designated, after potato and lean beef had been fed.

Mashed Potato.
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passed since the second vagus operation on the animals fed lean

beef. That there had been at least a partial recovery of the natural

state during the intervals is shown by the following figures, averages

from three cases of potato feeding one day after the second vagus

section :
^

Hours after feeding . . \
12 3 4 5 6 7

Cm. of food masses .3 10 20.5 27 22 17 14.5 12

The recovery is shown also by the figures of the following table,

secured by feeding shredded lean beef one day after the second vagus

section :

Hours after

feeding.
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observation when food mixed with bismuth subnitrate is seen in the

colon. The following figures therefore show, under difterent cir-

cumstances, the number of cases in which, at the hours stated, the

carbohydrate and proteid food was first seen in the large intestine: '

Masiiki) PorATO.



cm.
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Morat,' who worked mainly on dogs, noted instances of a motor

effect, and May,"-^ who used rabbits, cats, dogs, and monkeys, con-

chided that the splanchnic nerves have no direct influence whatever,

either motor or inhibitory, on the muscular wall of the stomach. On
the movements of the small intestine the very careful work of Bayliss

and Starling-^ has disclosed only an inhibitory action of the splanch-

nic impulses. The quite normal mechanical treatment of the food

by the oesophagus, stomach, and intestines, after splanchnic section,

indicates that the splanchnics, in the presence of vagus influence,

are certainly not required for the continuance of the normal motor

activities of these organs.

For the vagus nerve both motor and inhibitory effects on the

stomach have been described. May, working with Starling, found

that after ordinary stimulation of the vagus a short initial inhibi-

tion of the movements was followed by much more vigorous per-

istalsis and an increased muscular tonus.* On the small intestine

almost all observers ascribe to the vagi an excitatory effect. Bayliss

and Starling-^ found invariably that stimulation of these nerves pro-

duced, after only a momentary inhibition, a marked and prolonged

augmentation of the contractions of the circular muscles. Although

the vagus nerves are not necessary for contractions of the walls of

the alimentary canal, the presence of vagus impulses, when the

splanchnics are active, is apparently required in order to maintain a

vigorous activity. "^ When the splanchnics are intact and the vagus

impulses are removed, gastric peristaltic contractions are at first late

in starting, and are so weak as scarcely to impress the stomach out-

lines; the discharge through the pylorus is slow; and the passage

through the small intestine is under the normal rate. This primal

depression of the movements of the gastro-intestinal canal after cut-

ting both vagi must not, however, be regarded as persistent, for there

is later a respectable recovery of efficiency by all the motor activities

of the canal. •

Observations on the isolated stomach'' and on the isolated intes-

" .Morat: .Archives de ijliysiologie. 1893, xxv, p. 142.

- May: Journal of physiology, 1904. .xxxi, p. 271.

" liAYLiss and Stakling: Journal of physiology, 1901, xxvi, p. 138.

•• May : Loc. cit., p. 264.

' Havliss and Stakling: Journal of physiology, 1899, .xxiv, p. 142.

' HoFMKisTiCR and Schutz; Archiv fijr experimentelle Pathologic und Phar-

makologie, 1SS6, xx, p. 7.
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tine ' have proved that these organs are capable of the performance

of characteristic movements wholly independent of connections with

the central nervous system. It was to be expected, therefore, that

gastric and intestinal peristalsis and rhythmic segmentation would

occur quite as usual after section of ail splanchnic and vagus nerves

in animals otherwise normal. The interesting feature of the observa-

tions on animals with all extrinsic nerves cut was the improvement
in the motor activities over the condition in which only the vagi were

cut. Gastric peristalsis, the discharge of proteid from the stomach,

and the passage of both proteid and carbohydrate through the small

intestine were all more nearly normal when there was no connection

between the gastro-intestinal canal and the central nervous system

than when the splanchnics alone were intact. This difference indi-

cates that the abnormality of functioning after vagus section was

due, not only to the absence of tonic motor impulses through the

vagi, but also, in part, to the depressing influence of the splanchnics.

Again in these cases of total isolation of the stomach and the small

intestine from the central nervous system, the immediate effect of

removing vagus ini|nilses is a failure of these organs to act as natur-

ally as they act later. Although the motor functions of the gastro-

intestinal tract can be performed by muscular contraction alone, or

through local nervous mechanisms, an energetic performance of

these functions appears dependent upon impulses through the vagi.

The vagi seem to support the operations of these outlying mechan-
isms in a tonic manner. When this support is removed, the motor
activities may be temporarily suspended or much less effective than

normal; later, however, the local control proves itself able to manage
the movements with approximate naturalness.

It is clear that the persistence of characteristically different rates

of discharge of proteid and of carbohydrate food from the stomach

after s()lanclinic section, after vagus section, and after severing both

sets of nerves in the same animal, definitely proves that the control

of the differential discharge is local and not mediated through the

central nervous system.

Summary.

One series of animals was studied with only splanchnic nerves cut,

another series with only vagus nerves cut, and a third series with an

entire severance of splanchnics and vagi.

1 Bayi.iss and Starlinc: Journal of physiology, 1S99, x.xiv, p. 102; i()oi,.\.\vi,

p. 125. .Also .Maon'us : Archiv fiir die gesammte Phvsiologie, 1904, cii. p. 123.
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Splanchnic section resulted in no change of the normal movements

of any part of the alimentary canal Proteid and carbohydrate food

passed through the pylorus at practically the normal rates, but the

transit of proteid food from pylorus to ileocolic sphincter was much

accelerated. There was no acceleration when carbohydrate food

was fed.

Vagus section resulted primarily in a tardiness in the starting of

gastri'c peristalsis, a marked weakness of the peristaltic constrictions,

a retarded and slow discharge through the pylorus, especially when

proteids had been fed, and a slow passage through the small intestine.

These primary effects were largely recovered from within a few days.

After combined splanchnic and vagus section gastric peristaltic

waves, unlike those seen when the vagi alone were cut, were, almost

from the first, normally deep constrictions. At autopsy of these cases

the stomach was usually found strongly contracted. As in the cases of

vagus section, there was after operation immediately a retardation

of 'the discharge through the pylorus, and later a partial recovery of

the normal state. After this recovery the proteid discharge was

more nearly normal than when the vagi alone were cut
;
the carbo-

hydrate discharge remained about the same. The transit through

the small intestine was slower than normal.

Rhythmic segmentation of the contents of the small intestine was

seen in every condition of nerve section.

The characteristic rapid discharge of carbohydrate food and slow

discharge of proteid food from the stomach, maintained after vagus

section,\fter splanchnic section, and after combined splanchnic and

vagus section, confines the differential discharge of proteids and

carbohydrates through the pylorus to a local control.
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I. Introduction.

THE Protozoa have been made the e.xperimental objects for the

solution of important physiological problems. The processes

of these animals have been found so much dependent upon the con-

ditions of their liquid environment that the subject of their culture

and experimental media has become one of fundamental importance

in any investigation dealing with them. It has become clear that

the results obtained must be defined as certain functions of the par-

ticular conditions, physical and chemical, which prevail in the solu-

tions that constituted the media in which they were raised. The

intimate relation between a living cell and its liquid environment is

still much in want of elucidation. In this first part of the present

paper some methods will be described and data will be reported

which relate to the study of mass cultures of Protozoa. The subse-

quent parts, data for which have been obtained but not yet published,

will deal with the progressive chemical and physical changes in these

culture media together with their simultaneous biological change,

also with the relations of the contained organisms to solutions of

acids and alkalies, and to pure water, as their media.

443
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My attention was first called to a closer study of the media in

which Protozoa grow by the fact that a hay infusion in which numer-

ous species were growing abundantly failed to develop others which

were introduced into it in sufficient numbers to seed it. Much

later, however, in the history of the same culture the seeded species

would show a period of abundant development, although the great

majority of the animals that had been used for seed died soon after.

Omitting details for the present, I have shown that different species

of Protozoa develop in a serial order in a hay infusion made and

treated as will be presently described, and further that this order is

irreversible in natural cultures. The explanation of this biological

phenomenon was sought in the physico-chemical conditions. Other •

explanations which suggested themselves will be discussed subse-

quently, but they do not seem to me to apply equally well to the data

which were obtained.

During the progress of the present work I enjoyed the privilege

of frequent conferences with Dr. A. T. Lincoln of the Department of

Chemistry, and for this kindness I am under much obligation to him.

I desire also to thank the authorities of the chemical department for

their kindness in lending me necessary apparatus.

II. The Physico-Chemical Description of Culture Media.

In order to answer the questions whether the fixed order of succes-

sion characteristic of these cultures is due to a regular series of

changes in the conditions of the media, it is necessary to devise

methods for determining their physical, chemical, and biological

nature and content. The biological aspect of this subject I shall

defer to subsequent parts of the paper. In general, it is evident

that the physico-chemical definition of a cultural or experimental

medium would be of great value. It is also true that in the present

state of our knowledge accurate and complete definition of the con-

ditions of a solution such as a hay infusion which contains decompos-

ing organic matter is impossible. P3ven in the case of e.xperimental

media consisting of pure aqueous solutions of salts, physical chemis-

try fails to give us the desired definition, especially when several

salts are contained in the medium. Culture media, natural or artifi-

cial, usually consist of water, inorganic salts, dissolved gases, and

organic matter which includes foods and some of the metabolic

products of the organisms. Even when organic food with its liabil-
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ity to decomposition is excluded from an experimental medium the

complexity of the latter is still enhanced by the formation of meta-

bolic products, both organic and inorganic. We are far from a satis-

factory knowledge of organic decomposition products on the one

hand, and on the other the theory of solutions fails us most in just

those cases which occur with the greatest frequency, /. c, in complex

mixtures of salts. It is evident that only an approximate definition

of the media is at present attainable. But still other limitations ap-

pear when the matter is viewed not simply from the chemist's stand-

point but also',from that of the biologist. The latter would like to

examine these media in the actual condition in which they act upon

organisms. The end results of a chemical analysis calculated back

to their supposed original condition do not very well serve the pur-

pose of the physiologist. Physical chemistry has already done much

service in the description of the internal conditions of solutions so

far as they arc defined by direct measurement, and this much is true

regardless of what the theory of the significance of these measurements

may be.

At this point we may pause to consider the relation of this effort

to define media by physical and chemical characters to the theory or

theories of solution. All such characters as are directly observed or

measured are of course- independent of the changes which the theory

of solution may undergo, and such determinations serve reliably for

the comparison of physiological conditions in natural or experimental

media, this purpose being one for which the determination of these

characters is recommended. But we can go still further upon firm

ground. It should be emphasized that the question whether these

measurable characters or conditions of solution are physiological

factors as well may also be tested by direct experiment independently

of the theories of physical chemistry. Illustration of this fact will

occur in the subsequent parts of this paper. Simply the determina-

tion of the interrelation between physiological activities of cells and

the physical and chemical conditions of their liquid environment is

one of the extensive and important problems of biology. This prob-

lem need not and should not wait for the completion of a theory of

solutions. This safe and stable ground should be recognized as a

permanent bond between physical chemistry and physiological biology.

When physiological interpretation is made to depend for its validity

upon a given theory of solutions, then of course it stands or falls

with the latter. The biologist should clearly recognize the distinc-
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tion between these two phases of the relation of his work to physical

chemistry. Both phases are represented in the present paper. Most

of the methods recommended and most of the facts presented rest

upon direct observation and measurement. In some cases I have

developed the results so obtained according to a theory of solutions,

but I have aimed to make such development clearly recognizable by

the reader.

We may now return to the consideration of some other peculiari-

ties of this problem as it is seen from the biological standpoint. For

the biologist it is impracticable to use for a single analysis the large

volume of his culture liquid which the chemist is accustomed to

use and which is considered necessary to insure accuracy. For the

biologist it is important that the physical and chemical determina-

tions require but small quantities of the liquid in order that he may

have enough of the same medium remaining for further observation

and for subsequent determinations. The physico-chemical examina-

tions must not involve the necessity of bringing the experiments

to a close. It may be possible, but in most biological laboratories it

would be exceedingly inconvenient, to deal with very large quantities

of the kind of media here in question. If the frequent estimations

required result in the use of small quantities as the basis of ordinary

chemical analysis, then the quantitative results obtained must not be

regarded as correct in their absolute values, but they must neverthe-

less be sufficiently accurate to be valid for the purpose of comparison

with other values obtained under similar conditions. Another fact

resulting from the conditions under which the biologist works is that

volumetric chemical determinations should be selected, whenever

possible, instead of those which are gravimetric. All the above con-

siderations lead to the conclusion that only approximate and com-

parative definition of media for the service of biology is at present

possible. This fact by no means minimizes the great necessity and

the usefulness of such a description of the conditions which prevailed

in the environment of the animals when the results of a given inves-

tigation were obtained. Discrepancies between the work of diff"erent

investigators upon the same species or of the same investigator at

different times would thus find a probable clue to explanation. An-

other important advantage would be the limitation of results to a

given set of conditions until their wider application had been proved.

All these considerations have their valid basis in the fact, now well

known to investigators familiar with the objects, that living cells are

very delicately adjusted to the conditions of their liquid environment.
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III. The Management and Development of Hay Cultures.

The scheme of determinations here presented which serves at least

for an approximate description of the physical and chemical condi-

tions of a liquid medium, was developed in connection with the study

of hay infusions used for the growth of mass cultures of Protozoa.

The principles which determined the applicability of the methods to

this medium were then seen to apply to practically all common liquid

media, although these may differ much in their quantitative aspect.

The methods are perhaps best explained in connection with their ap-

plication to a hay infusion, and I shall first describe the preparation

and care of this medium.

The following method has been followed so often in this laboratory,

both for the purpose of investigation and for the growth of class-

room material, that the course of development of cultures so managed

has become predictable. The final volume of the majority of cul-

tures prepared was about 7590 c.c, or about two gallons. For this

amount of liquid a small handful of timothy hay was used, and this

was found to weigh about 30 gm. or about one ounce. The quantity

of hay need not be accurately weighed or measured. The effect to

be expected from somewhat larger or smaller quantities is simply

an increase or diminution respectively in the length of time required

by the culture to run through its cycle of changes to complete ex-

haustion, /. c, to biological sterility. Other kinds of hay and other

forms of organic nutriment have given considerably different results

than those here described. The hay is covered with a sufficient pro-

portion of the whole quantity of water to be used to immerse all the

hay, and it is then heated to boiling, and this is continued for a few

minutes. I am in the habit of performing this process in an iron

kettle used for this purpose only. In the meantime the unboiled

portion of the water is placed in the vessel in which the culture is to

be set. Glass jars are best adapted to this purpose because they

facilitate observation, but stoneware vessels may also be used. When

the boiled material has partially cooled, it is transferred, including

both the infusion and the solid hay, to the remaining cold water which

has been placed in the culture jar. The hay has been boiled for sev-

eral reasons, one of which is to drive the air out of it, soak it with

water, and so make it heavy enough to sink to the bottom of the jar.

This prevents it from interfering with observation of the surface and

sides of the jar, which it would do for some time if it were introduced
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in the dry form. Other eflects of the boiling will be described subse-

qnently. Two important features of this method of setting a culture

are the boiling of only a portion of the total volume of water and the

retention of the boiled hay in the medium. The absence of the solid

hay will simply give a short-lived culture which would not last long

enough to develop the characteristic biological cycle to be described

later. I have not found the kind of water used to be a matter of

much importance so far as merely raising a successful culture is con-

cerned, but if any experiments which involve physiological conditions

are to be performed upon the animals, then the question of the water

used as a solvent may become of much importance. Animals of the

same species but originating from different conditions have fre-

quently shown marked physiological differences. The cultures 1 have

studied have been made, some with tap water that contained a con-

siderable proportion of inorganic salts in solution, some with the

water of a flowing stream or of a stagnant pond, and some with dis-

tilled water. Rain water might also be used. Barring natural water

containing poisonous mineral salts, it is of less importance to select

a given kind of water than it is to be able to determine the charac-

ter of the medium prepared with it. After a given water has had

boiled hay added to it, its original character is no longer of much .sig-

nificance. A culture medium prepared as above described is now

ready to be seeded. If proper precautions were taken, these cultures

could be seeded with one or a few species of Protozoa, but the pres-

ence of bacteria is also necessary to produce the normal course of de-

velopment or of decomposition in the culture. In these studies and

in the growing of class material the object was to produce a mass cul-

ture of as many different organisms, plant or animal, as were at any

time adapted to the varying conditions. Seed for a new culture was

taken from any or all old cultures in the laboratory, and consisted of

some of the liquid, portions of zoogloea, solid and decaying hay, and

a representative collection of the organisms to be found in the growth

area which develops on the walls of the jar near the surface of the

liquid. A new culture may also be seeded with aquatic material of

all sorts collected in the field. Decaying leaves, slimy sticks, and

small portions of the water which has been agitated so as to disturb

the sediment at its bottom furnish good material. Frequently the seed,

wherever obtained, does not, upon examination, seem to be rich in or-

ganic forms, but unobserved and unexpected forms may nevertheless

appear in the culture later in abundance. Nor is it by any means cer.
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tain that forms which are introduced in abundance will flourish, and in

some cases they will nearly all die off at first, only to appear in large

numbers later. For the explanation of these peculiarities a ready in-

dication may be obtained from a comparison of the physico-chemical

conditions as shown by quantitative methods, of the medium from

which the seed material originates, and of the hay infusion into

which it is introduced. Old cultures that have nearly or entirely run

through the characteristic cycle may be revived and caused to repeat

tlie cycle in apparently every particular by re-feeding the culture with

solid hay and its infusion prepared exactly as for a new culture. For

this purpose re-seeding is of course omitted. After preparing the

media and seeding them, the culture jars are to be kept covered,

preferably with a pane of glass, to prevent undue evaporation which

would give rise. to a concentration of the dissolved salts not due to

the metabolism of the medium or of its contained organisms. The

cultures are to be labelled with a date number, so that their age is

easily determined when they are under observation. They should be

kept in a warm place at or above room temperature, and preferably

with always the same side towards the light. Upon the illuminated

side a green layer of alga; will gradually appear. If gas bubbles

raise the hay to the top, it may be pressed down with a glass rod,

otherwise the culture liquid should never be agitated except for defi-

nite experimental reasons. Through some cultures -I have led con-

stant or intermittent currents of air which somewhat modify the

course of development.

I shall next describe some of the processes which occur in the cul-

ture liquid and their measurement. On the day when prepared the

liquid has a straw color. When the culture is a day old, this color is

still lighter, and if the temperature has been warm enough, some gas

bubbles appear which may become sufficiently abundant to lift the

hay to the surface. This gas is principally CO.,. Other gases dis-

tinguished from this by their odors may be evolved in greater abun-

dance later. Old cultures have a darker or brown color, and the same

culture liquid passes through all gradations from light straw to dark

brown colors. Treatment of a portion of this liquid in a test tube

alternately with acid and with alkali shows that the hay contains a

coloring matter, sensitive enough to act as a rough indicator for H
and on, and hence mere inspection shows to the experienced eye the

condition of a culture, and, moreover, its relative age. The light and

yellowish shades of color are due to acid, the darker and brownish

shade to alkali.

le
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Another condition easily ascertained by direct observation is that

the liquid, though colored, is clear when first prepared, but after a day

or longer it has become turbid. Microscopical examination of the

clear liquid shows relatively few bacteria, but the turbid liquid is

found to contain millions of them. I have never determined the

specific kinds of bacteria, but I have observed sufficiently to see that

practically the same forms are characteristic of the same cycles of

these cultures.

The data thus far obtained indicate that the bacteria introduced

with the seed material are the primary agents in the metabolism of

the culture. To their fermentative action upon the carbohydrate

extracted from the hay we may ascribe the abundant production of

COj.^and the very acid condition of the medium during the first few

days of its history. Of course other acids, e. g., lactic, are no doubt

also produced, and other matter than carbohydrate is also fermented,

but probably in much smaller amount, and more so at a subsequent

period. Appropriate methods of determination, described below, will

give us some information on this point. The bacteria themselves

may be regarded as constituting the primary source of food for the

Protozoa, f. ^., Paramsecium, which soon begin to multiply with great

rapidity. Observation will show that some of the Protozoa, c. g.,

Stentor coaruleus, prey upon the animals of the same group. Fre-

quent microscopical examination of the food content of various

Protozoa has shown that this mode of feeding is not of much quanti-

tative significance, and that bacteria and algae are the main food

supply of the various animals found in the cultures. Observation

shows that the number dying as prey is relatively small compared

to the number of new organisms arising by a rapid rate of multipli-

cation when the organism preyed upon multiplies under favorable

conditions. The succession of organisms in the culture cannot be

satisfactorily explained by the unaided supposition that the animals

prey upon each other. Upon the theory that oxidizable food matter

is osmotically absorbed from the surrounding solution by the Protozoan

cell, I am content to leave the burden of proof for that proposition.

The first biological period in the history of the culture may then be

regarded as that of the bacteria, and other cycles characterized by

predominant species of Protozoa follow in fixed and regular order.

Without determining this order at j^resent we may now turn to the

determination of the conditions under which these animals will

develop.



Cheviical Stiidies on the Cell atid its Medium. 451

IV. Qualitative Examination of Culture Media.

If a few cubic centimetres of the straw-colored liquid be placed in

a white porcelain evaporating dish and the indicator phenolphthalein

in solution added, the liquid fails to develop the characteristic red

color which would appear in the presence of a certain excess of OH.

Hence, according to the theory of indicators, the liquid contains more

H ions than are produced when phenolphthalein dissociates, thus per-

mitting the red color of its anions to become visible. In other words,

the concentration of H ions is too great to permit the dissociation of

phenolphthalein. If now the same liquid be boiled even a very short

time, the phenolphthalein becomes red. Evidently the original

acidity was due to a volatile acid, mostly carbonic. If the reaction

of another portion of the culture liquid be tested with methyl orange,

it will fail to develop the characteristic pink color which would appear

in the presence of a certain excess of H. According to theory the

liquid contains fewer H ions than are produced when methyl orange

dissociates, and so permits its yellow anions to become visible. In

other words, the concentration of H ions is too small to interfere with

the dissociation of methyl orange. The behavior of the liquid with

these two indicators points to the presence of acid salts, which in

this case will be found to be mostly bicarbonates.

Evaporation of 10 c.c. of the filtered culture liquid in a crucible

leaves an abundant yellowish brown residue, which chars upon the

application of a red heat, finally leaving a colorless mass of inorganic

salts. The charring is due, of course, to the presence of organic

matter held in solution and not to organisms suspended in the me-

dium, provided the filtration which preceded evaporation was properly

performed. All organisms larger than the bacteria should be separated

from those portions of the culture liquid which are to be used for most

of the determinations to be described. Hard pressed filter paper

(Schleicher and Schuell's No. 575) serves well enough for approxi-

mate results. Under some circumstances the paper may easily clog.

A better and more rapid method consists in the use of a filter pump

to partially exhaust the air from underneath an asbestos filter made

of any desired thickness and compactness from fine washed asbestos.

At this stage an ordinary qualitative chemical analysis is indicated

if the operator is dealing with a kind of culture liquid which he has

never examined in this way. After he has once well oriented himself

regarding a particular kind of medium which he may be preparing
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repeatedly, the qualitative tests may be omitted when fresh quanti-

ties are prepared by the same rule. The experimenter with organic

culture liquids must not deceive himself with the proposition that

because such a medium is repeatedly prepared by the same empirical

method the quantitative results produced are also uniform. It is just

this point that requires objective proof before reliance is placed upon

it in a continued series of experiments. Particularly is this true when

the ensuing biological phenomena are supposed to be due to the

physical and chemical conditions of the medium. When in this case

the experimenter presents neither qualitative nor quantitative investi-

gation into the character of the medium with which he is producing

the results described, his interpretation of these results may very

justly be regarded as wanting in sufficient and necessary evidence.

These observations are worth making in order that the experimental

zoologist be not less critical with his means of investigation than the

chemist and the physicist. If the zoologist is to deal efficiently with

problems in the physiology of animals, he will have to add to scalpel,

microtome, and microscope, highly valuable as they are, a working

knowledge of at least some chemical and physical determinations.

The fact that chemistry and physics cannot yet give a complete ac-

count of an organic culture liquid does not diminish the force of the

preceding observations. The logical analysis of biological phenomena

requires all the data now obtainable. All the above observations

apply with equal or greater force to the preparation and use of experi-

mental (not cultural) media consisting of solutions of pure inorganic

salts. A general principle which applies to the study of the inter-

action between organisms and liquid media, whether the latter be

organic or inorganic, is that the experimenter must determine objec-

tively the successive changes which any medium necessarily under-

goes when a living organism inhabits it. This constitutes a laboratory

study in ecology made upon a kind of environment, the liquid, which,

from the standpoint of the cellular structure of all organisms, is of

almost universal occurrence.

From this digression we may return to the qualitative analysis.

As a guide Prescott and Johnson, :o5, may be used with much advan-

tage. After the preliminary tests already described the operator may

proceed with a systematic scheme of analysis. For a description of

the necessary operations reference must be made to the above-named

authority. I have never found the quantity of organic matter in hay

infusions made as previously described, to be sufficient to interfere
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with the ordinary tests, except in some cases, by reason of the pro-

nounced color of the liquid. In the examination of any medium

where it becomes desirable or necessary to remove organic matter,

this is best done by the methods recommended by Hoppe-Seyler, :03,

pp. 391-394. The liquid is treated with some excess of sodium car-

bonate, evaporated, and then charred and ignited at as Iowa tempera-

ture as possible. Tliis process reduces losses from volatilization to

a minimum. The residue may then be used for the ordinary course

of analysis. Na and CO3 must of course be sought in another por-

tion of the original liquid. In some cases it may be permissible for

the operator to assume the absence of the metals of the first and

second analytical groups, as classified by Prescott and Johnson, be-

cause they are poisons not likely to occur in the materials which he

carefully selects, but for certainty demonstration is indispensable.

Lead in waters, fixing agents from laboratory utensils, etc., must be

guarded against. Usually the examination for metals of the third

group, /. c, Fe, Cr, Al, will be the first part of the analysis that will

show the positive presence of certain metals. As the presence of

phosphoric acid would complicate the analysis of the third and of

succeeding groups, and as this acid may frequently occur in organic

liquids, its presence or absence must be established before proceed-

ing. The residue from 10 c.c. of hay infusion obtained as previously

described was dissolved in water, acidified with nitric acid, and tested

for phosphoric acid with ammonium molybdate. No precipitate and

no color change whatever followed the use of this reagent, thus dem-

onstrating the absence of phosphoric acid. As a control test, a trace

of KjI-IPO., was added to 10 c.c. of the original culture liquid, and

exactly the same procedure for phosphoric acid was performed, and a

positive result obtained, as evidenced by the yellow color due to a small

quantity of ammonium jihosphoniolybdate. For certain purposes it

might become advisable to conduct the qualitative examination upon

the residue from the concentration of a large amount of liquid. L sing

only small quantities of the hay infusion, the following radicals were

proved to be present: Fe, Al, Ca, Mg. K. Na, NH^, CO3, CI, SO^.

Examination of the medium at a different stage of its development

might show additional substances present, c. g., H.,S. These would

consist of transition products standing between organic matter and

its final mineralized products. I am indebted to the State Water

Survey of Illinois for the following mineral analysis of the Univer-

sity Water Supply, with which the above-described hay infusion was

made:
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Hypothetical
combinations
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tegration of at least some animal or plant bodies may be expected to

affect the quantity of inorganic salts present in the medium at difTer-

ent times. In any case a culture liquid is, for physiological reasons,

a salt solution of some kind, and this is also true of many experimental

media. Hence the quantitative inorganic salt content (and gaseous

content also) is of much significance as an indication of the condition

and changes of the medium, chemically considered, but the physio-

logical importance of this content is still greater. The qualitative

differences between the action of salt radicals (or ions) is well known,

including such variety as poisons, apparently indifferent substances,

and stimulants of specific character. In addition to their specific

action all the salts are important on account of their possible osmotic

action. The interchange between the cell and its medium is one of

most far reaching consequences in the life of the cell, and the salt|

play a prominent part in this process. At this point it is necessary

to distinguish between what for want of a better name I shall have

to call a physical osmosis, on the one hand, and a physiological

osmosis on the other. It is here, again, that the theories of solution

must be taken into consideration. If the kinetic theory of gases be

regarded as applicable to solutions, then we may calculate from cer-

tain measurements an osmotic pressure, which is regarded as exist-

ing in the solution independently of the properties of any membrane.

Perhaps this quantity is more accurately described as the maximum

osmotic pressure which the solution could exert upon a strictly semi-

permeable membrane. It is to be noted that this theory of osmotic

pressure is rejected by some investigators, and for the biologist the

quantity above described can be of use only as one of the physical

characters for the comparison or identification of solutions. Two

different points of view on this question are well represented by

Lothar Meyer, '90, pp. 23-27, and a reply by J. II. van't Hoff, '90.

pp. 174-176. Further discussion of osmosis, with special reference

to biological phenomena, is made by J. Traube, :04, pp. 704-715.

Physiologically, osmotic pressures without reference to the particular

membranes involved are of no significance, and the existence of semi-

permeable membranes is highly improbable. Hence the permeability

of the natural membrane is the osmotic factor of greatest significance

for physiological processes. But this may vary according to the

specific kind of cell under consideration, also with different physio-

logical conditions of the same cell, and possibly according to the kind

of'^salt surrounding the cell wall. Rut of the permeability of animal
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cells we have only the most limited knowledge. How seriously this

limitation affects our physiological conceptions may be understood

from a consideration of the significance of the vital interchange

between cell and medium. It is not the purpose of this part of the

present paper to describe investigations on this subject. I shall,

however, in one case at least, describe the method of obtaining the

physical osmotic pressure above referred to.

The preceding considerations show the importance of obtaining the

inorganic salt content as one of the descriptive quantities of a culture

or experimental medium. I shall describe some methods adapted to

this purpose. In the hay medium here used the qualitative examina-

tion has shown the presence of acid salts, mostly or wholly bicar-

bonates, and in many media this same condition will present itself,

.This class of salts can be easily estimated by titrating a given volume

of culture liquid with 0.0 1 m HCl, using methyl orange as indicator,

and I shall call this determination the methyl orange alkalinity. In

the quantitative examination of the hay infusion here used the total

quantity of nearly all the salts present will have been estimated in

the determination of bicarbonate. Nearly all the base present is

combined in this form, there being comparatively little chloride, sul-

phate, etc. Hence, here the quantity of bicarbonate is especially

significant as an indicator of the osmotic conditions. The phenol-

phthalein acidity and the methyl orange alkalinity, two simple deter-

minations, are sufficient to show great differences between various

proposed organic culture media, and they also show some well-marked

changes in the history of a given organic medium. If the medium

contains quantities of other salts, e. g., chlorides or sulphates, etc.,

estimable by ordinary methods when applied to small quantities of

culture liquid, these must also be determined by the various special

volumetric methods applicable to each constituent sought. For

chlorides, even in very small concentration, the method of Volhard,

which gives accurate results and in which the liquid is made strongly

acid, is to be most recommended. In the selection of methods for

the titration of other acid and basic radicals the operator is strongly

limited by the fact that these methods must be sensitive and accu-

rate enough to estimate quantities in such dilution that O.oi normal

standard solutions are appropriately used. The operator does not

command large quantities of liquid which could be concentrated by

evaporation as in mineral analyses of waters. This limitation does

not prevent the titration of substances for which very sensitive
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methods exist, e. g., chlorides and iron, and of those substances

which occur in relative abundance in the liquid, e. g., calcium. I

have not tried any of the newer methods for the volumetric estima-

tion of alkali metals. Such determinations would give desirable

factors in the history of a culture liquid, especially hay infusions. A
further difficulty in the selection of methods is that they must be

practicable in the presence of some organic matter. Incineration

of the evaporated residue of a portion of the liquid would defeat one

of the purposes of these determinations, which is to find how much of

the organic constituent has become mineralized from time to time.

If for any reason it becomes important to know accurately the

relative quantities of inorganic salts, some gravimetric methods may

have to be used, even if infrequently. I have made only those

estimations which seemed to me to be of most significance for the

correlation of the chemical and physiological events in the culture.

My selection is admittedly incomplete.

From the above point of view some indication of the total amount

of organic matter is desirable and only an indication is possible.

Probably the best we can do is to adopt the permanganate method for

oxygen consumed to be executed under certain uniform conditions

later to be described. In spite of the well-known limitations in the

significance of the results obtained by this method they are never-

theless of considerable value for comparative purposes, and it is from

this st.-»ndpoint only that we shall interpret them.

It is evident that the amount of dissolved oxygen in a given volume

of the liquid is a chemical and physiological factor which it would be

desirable to obtain. Some experiments which I have made in this

direction were not carried to completion.

I have added to the preceding the measurement of the electrical

conductivity by the method of Kohlrausch. According to the theory

of electrolytic dissociation this quantity is an index of the ionic

concentration. The conductivity is one of the important physical

characters of a solution. As this determination assists us in the

correlation of physiological facts with physical characteristics, it is

for that reason desirable, even though its physical meaning may be in

dispute. The use is evident of this or any other methods that will

assist in the explanation of the fact that the same concentrations

of different acids as determined by ordinary chemical analysis act

with very different intensities, both physically and physiologically.

Other examples could be added. It is true that this measurement
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taken independently of other determinations upon the same liquid has

only a limited and ill-defined significance, and still more so when taken

upon a complex mixture of salts such as most culture media. But in

the latter case and in natural media, c. g., waters, the inorganic salt

content, to which the conductivity is mainly due, may be almost

completely classified into the alkali, alkali earth, and earthy metal

groups of bases, and the acidic radicals combined with these are also

limited to a certain small list. The conductivity of these salts taken

separately is known as well as the conductivity relations of members

of the same group and of the different groups to each other, so that

averages can be used for approximate results. Furthermore, one is

frequently dealing with repetitions of qualitatively and roughly simi-

lar media, e.g., hay infusions. In all these cases the electrical con-

ductivity serves well for the identification of similarity in conditions

and for the physical comparison of the solutions. The method is so

sensitive that small differences are expressed in easily measurable

magnitudes. Kohlrausch, '98, pp. 131-132, has emphasized the

use of the method for the approximate estimation of the concentra-

tion of salts in solutions whose general character is known. In the

present scheme of investigation more precise knowledge of the con-

stituents is contemplated, and this measurement is to be accompanied

by others which may be brought into physical or physiological

relation with it.

The methods thus far described give information regardrng the

:

I. Acidity; 2. Salt content
;

3. Carbonaceous content
; 4. Electri-

* cal conductivity. The organic nature of the culture liquid suggests

the question whether the nitrogenous metabolism of the culture

might not also be an important chemical and physiological factor.

Organic culture media resemble a mild sewage, and it is evident

that the chemical data sought are much the same as the analyst of

waters and of sewage seeks, the methods used being slightly modified

by the ultimate physiological aim. A consideration of the conditions

prevailing in these media led me to make numerous estimations of

nitrogen in the form of free and saline miunonia by the Nessler pro-

cess, and of organic nitrogen by a modified Kjeldahl process due to

Rideal. The serial nitrogen values obtained in the history of indi-

vidual cultures showed that, owing to several compensating processes

in the nitrogenous metabolism of these cultures, these values are not

useful in demarcating developmental stages unless other inconvenient

and time-consuming estimations are made at the same time. Nitro-
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gen in the form of nitrites and nitrates would not be expected to

occur, as will be explained later, in any quantity greater than traces

during the time that these cultures are under examination, and they

were never found when tests for them were made. Nitrates even

disappeared shortly after they had been purposely added, these salts

serving as a source of oxygen which became available upon their

decomposition.

Guided by the principle that the estimations which are to be made

by the biologist should yield important information, either individually

or combined with others, and that they should be capable of suffi-

ciently rapid execution to permit serial determinations, I venture to

propose the following series: i. Phenolphthalein acidity. 2. Methyl

orange alkalinity. 3. Total salt content and special methods for

individual constituents. 4. Electrical conductivity. 5. Oxygen con-

sumed. 6. Dissolved oxygen (not developed). 7. If desired, organic

nitrogen. I have purposely omitted the determination of the depres-

sion of the freezing point from this list, regarding that method as

more useful in certain special cases than for the frequent application

which was contemplated in making the above selection. It may be

said again that, on the one hand, this list is not comprehensive enough

to yield sufficient results for a full description of a medium, and, on

the other, it may be abbreviated and still give results which define

some important conditions of physiological activity.

The use of these quantitative methods in the case of an unknown

culture liquid is advantageously preceded by a qualitative analysis.

The biological examination that is to run parallel with these deter-

minations will, of course, vary according to the special aim of the

investigator, and the method of examination which was applied to

hay cultures will be described later. The practical application of each

method will be outlined or references will be given to descriptions of

the processes. These methods will be illustrated by practical ap-

plications actually made, and the significance of results obtained or

obtainable from culture liquids will be explained briefly. For guid-

ance in method and for assistance in the interpretation of results,

general reference is here made to certain works which are nearly

indispensable. For a clear, concise, and concrete treatment of the

elements of volumetric analysis reference may be made to the excel-

lent short treatise of O. Kiihling, 104. To this should be added

Sutton, :04. "Volumetric Analysis"; Hoppe-Seyler, :o3 ; Rideal, :oi
;

Kohlrausch und Holborn, '98. Specific references to these and to

other authorities will be made in the following pages.
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VI. Application and Results of Quantitative Methods.

For the practical application of the preceding methods it has

seemed to me advantageous to have a system of interrelated standards

so devised that they all or nearly all depend upon a single original

standard solution which can be most carefully prepared, or, if neces-

sary, obtained by the biologist from a chemical laboratory. For a

variety of reasons dependent upon the chemical point of view I have

selected HCl for this standard. This HCl is used to obtain the

methyl orange alkalinity directly. The standard HCl is also used to

standardize the NaOH solution required to determine the phenol-

phthalein acidity in the manner to be described. The standard HCl

is also used for the standardization of a sodium thiosulphate solution

by means of which, again, a standard potassium permanganate is pre-
,

pared, the thiosulphate and the permanganate to be used in the de-

termination of oxygen consumed. Furthermore, from the standard

hydrochloric, after neutralization with the NaOH, a AgNOg solution

is standardized by Mohr's method. In this case the absence of CI

from the NaOH must be first proved by the AgNOg test. The stand-

ard so prepared is used for the direct determination of chlorides, or

better, by means of it, a standardized KCNS solution is made for use

in the Yolhard method for chlorides. In addition to the preceding a

pure saturated aqueous solution of CaSO^ is required for the purpose

of determining the resistance capacity of the electrolytic cell or elec-

trodes which the operator uses in conductivity measurements. The

operator is advised to take the conductivity of his standard O.oi m HCl

solution and compare the value found with that given in the tables of

Kohlrausch and Holborn, '98, p. 160. This furnishes him a desirable

control on both his chemical and electrical measurements. To any

one to whom a system of standards which are interdependent seems

objectionable, the alternative of preparing any or nearly all of the

above standards by processes depending upon independent weighings

is of course open. The principle of making interdependent volumet-

ric standards has been recognized by good authorities (Sutton, :04,

pp. 43-44 and references there).

For the preparation of a standard HCl, F. Sutton. :04, pp. 47. 42-43.

and for more detail, O. Kiihling, :04, pp. 46-52, may be consulted. I

have followed the practice of finding, from the specific gravity of a

pure strong HCl and from a table, the number of cubic centimetres

of this acid required to make one or several litres of approximately
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o.oi m HCl. Having made this dilution, I have accurately standard-

ized it by means of a weighed quantity of pure, dry Na^COg, using

methyl orange as indicator. It is not worth while to attempt to dilute

these solutions to exactly the desired o.oi m, but its actual value

must be accurately determined and this quantity used in the calcula-

tion of results obtained by means of this standard. The value of the

HCl may also be accurately checked by precipitation as AgCl. The

absorption method may also be used for the preparation of a standard

HCl.

The preparation and keeping of a standard NaOH solution are de-

scribed in F. Sutton,:04, pp.48, 20-21, and O. Kiihling, 104, pp. 53-59-

An appro.ximately o.oi m solution of accurately known value is de-

sired. Its exact value as determined by means of the standard HCl

should be ascertained both for methyl orange and for phenolphthalein

used as indicators, and these standardizations should be repeated at

intervals. The standard NaOH should be connected by tubing with

the burette, and should be protected from the CO,^ of the air by

means of soda lime. It is not necessary that it be free from CO3, but

the two values above mentioned must always be known.

A standard O.OI m AgNOg and o.oi m KCNS are made as has

been previously indicated, and in addition reference may be made to

F. Sutton, :04, pp. 144-146, 401, and to O. Kiihling, 104, pp. 141-149.

For the preparation of standard thiosulphate and permanganate

solution, see F. Sutton, :04, pp. 472, 477, 124, 135; also O. Kuhling,

•.04, pp. 84-94, 121-123. I have standardized the thiosulphate by

means of the standard HCl by a method based upon a suggestion in

F. Sutton, :04, pp. 138-139, concisely stated as follows :
" Recently

precipitated oxides, or the natural oxides when reduced to fine

powder, are readily dissolved and decomposed by very weak acid in

the presence of potassium iodide (Pickering).'* A bottle is selected

whose ground glass stopper fits or is ground to fit gas tight. In this

are placed 20 to 50 c.c. of the standard o.oi m HCl. Then there is

added a quantity of pure pulverized MnO.^, an unnecessary excess

being avoided in order to prevent too dark a color of the liquid when

it is shaken. Then a sufficient quantity of KI in solution is quickly

added, the bottle tightly stoppered and set in hot water (about

75° C.) for a half-hour. The bottle is cooled and the liberated iodine

is titrated, using starch indicator with a thiosulphate solution which

has been prepared by a rough weighing. The following equations

represent the reactions involved

:
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MnO^ + 4 HCl = MnCU + 2 H^O + C\

CI, + 2 KI = 2 KCl + L.

I, + 2 Na.,So03 = Na^SiOs + 2 Nal

From these relations the value of the thiosulphate is calculated, and

by means of this the permanganate, also prepared by a rough weigh-

ing, is standardized by the usual method, using KI and H2SO4. Con-

centrations of about O.OI m NajSaOg and about 0.002 m (= O.OI n) of

KM 1104 are desirable for this work.

The saturated aqueous CaSO^ solution used for determining the

resistance capacity of the electrolytic cell was made by the precipita-

tion of CaCl., with H3SO4 and washing the precipitate by decanta-

tion. The water finally used must have a conductivity of 5 X lO"*^

reciprocal ohms, or less. For some purposes, particularly those

involving conductivity measurements, particular attention must be

given to the quality of the water as determined by this test, and in

some volumetric processes it becomes important to use pure water

freed from CO., by boiling. Water of sufficiently low conductivity is

easily produced by a single redistillation of common distilled water

treated with Ba 2 OH, the first and last portions of the distillate being

rejected.

The free and saline ammonia was determined by the usual colon-

metric process, using the Nessler reagent. Distillation was not done

except for comparison. The colored hay infusion was treated with a

slight excess of NaOH in the cold, and rapidly filtered into a 50 c.c.

Nessler tube, which had been previously nearly filled to the mark with

cold ammonia-free water. By this means a colorless liquid was ob-

tained ready for Nesslerization. The total organic nitrogen (includ-

ing ammoniacal nitrogen) was converted by the Kjeldahl process into

ammonium sulphate. A quantity of 5 to 20 c.c. of the culture liquid

was boiled with strong H.,S04, and crystallized Na^SO^, cooled,

washed into a lOO c.c. stoppered measuring flask with cold ammonia-

free water, neutralized with strong NaOH, and a measured portion of

the whole when cold was Nesslerized. Processes involving distil-

lation were used for comparison. F. Sutton, 104, and Rideal, :Oi,

pp. 30, 38-40, may be consulted for the preparation of the standards

required for the above methods, and also for the usual methods followed

in making the same determinations.

With some few exceptions the use of the described standard solu-

tions for the estimation of the quantities specified in connection with
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the description of their preparation needs no discussion beyond that

which has already been given, or is readily found in the list of refer-

ences previously cited. A few practical points are worth mentioning.

Owing to the small quantities (5 to 10 c.c.) upon which titrations are

made, it is important to find, if possible, what is the least quantity of

the standard reagent required to make the end point clearly percep-

tible in the volume of liquid under titration at the time when the end

point is reached. A titration performed upon this volume of distilled

water gives an approximate correction which is to be subtracted from

the actual volume of standard solution used in the case of culture

liquid. The use of more methyl orange than necessary makes the

result worthless. With practice the eye becomes very sharp in

detectintc the oramrc-brown transition color which the indicator

shows between pink and yellow. White porcelain evaporating dishes

of small size are suitable vessels for titrations. When flasks are used

a sheet of white paper under them serves well for a background.

Increased certainty regarding the end point may be obtained by the

use of a second dish of the same liquid for comparison, especially

when the latter is somewhat colored. Finally, the operator must not

fail to determine his limits of error on the different estimations by-

obtaining a series of results under the same conditions, and noting

his deviations from the average. If the absolute value of the estima-

tions comes in question, or if accurate comparisons between different

results are to be made, then the calibration of measuring apparatus

by the analyst himself must be made.

In estimating the free acidity, consistent and correct results cannot

be obtained if the small quantity (5 c.c.) to be titrated and the

standard solution also are exposed to the air during the process.

This difficulty is easily overcome by performing the whole process

under neutral xylol or kerosene; these serve admirably as temporary

protectives. My experience is that these agents are not permanent

protect! ves for the stock solution of NaOH. In a narrow white por-

celain dish (crucible") kerosene is placed to the depth of one half

to one centimetre. With a volumetric pipette 5 c.c. of culture

liquid is taken from the culture jar and placed under the kerosene.

Some solution of phenolphthalein is added. The necessary volume

of standard NaOH for neutralization, as shown by the rose color of

the indicator, is introduced under the surface of the kerosene, the

liquid being stirred under the latter with a glass rod. The results are

conveniently stated in millionths, /. e., in io~" units, of a gram mole-
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cule of the n-a^cnt used per cubic centimetre of culture liquid. Thus

a certain culture. No. 6 - 3 - 8/1, on the second day after setting

showed the usual light color and abundant evolution of gas. Upon

looking throui^h it towards the light, it was seen to be turb.d which

condition was due to the enormous number of bacteria found by mi-

croscopical examination to be suspended in the liquid. Five^c.c. ot

this liquid required for neutralization 1.2 c.c. of O.oi m NaOH - 1.2 X

jo-5/5 = ,4x10-^ gram molecules of NaOH per cubic centimetre

of culture liquid. It is this value, 2.4, which is used in tabular or serial

statements to express the acidity of the culture, and it is also of con-

venient magnitude for use in plotting the curve of acidity. Five c.c. ot

another culture, No. 6 - 3 - 8 2, set at the same time and by the same

method, required i.o c.c. of O.oi m NaOH = i.O X lO"^ 5 = 2 X lO

gmol of NaOH per c.c. Upon the assumption, which would approxi-

mately represent the facts, that all the free acid was HXO3, the fol-

lowing equation represents the reaction when phenolphthalein is used

as indicator:

H2CO3 + NaOH {+ phth.) = NaHCOs + HoO.

From this relation it is evident that in the first culture above estw

mated the gram molecular concentration of H.XOg was 2.4 X 10

gmol. per c.c. lhtg>am .'^«nvT/.«/ concentration per c.c. is 2 X 2.4 X

io-« = 4.8 X 10^', and the gram equivalence per 1000 c.c, 1. e., ijie

nortnality of the acid here present, is lo^ x 4-8 X 10 « = 4-8 X 10 \

in other" words, the culture liquid is a 0.0048 normal solution of acid.

A small part of the acid present may be monovalent, e g., lactic

from fermentation, and this would somewhat reduce the above mag-

nitude. But from the physiological standpoint it is necessary to

consider that chemical estimations show the total amount of acidic

hydrogen that can be produced by the process of titration operating

upon the total amount of material present. This may be, and in the

majority of cases is, a very different quantity than the amount oifree

acidic hydrogen, i. e., of free H ions which exists in the liquid before

the process of titration begins and with which the organisms of the

culture live in contact. It is at this point that physical chemistry

can add to the data which to a greater or less extent dehne the

physiological environment. Of the various methods which may be

used to determine the ionic hydrogen, I shall select the conductivity

method for application in the present case. It

"^"f ^^V^^^^^.^l'f^
that here we are not dealing with a pure solution of H.^Og, but tnat
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this acid is accompanied by a relatively large quantity (presently to

be determined; of bicarbonates, /. e., of salts having a common anion.

Neglecting the influence of these upon the dissociation of the HjCOg

until the discussion of the conductivity measurements, it is required

to find the maximum of ionic H which would exist in the culture if

it were a pure solution of the H.^COg previously estimated. To do

2

this the dilution formula ^-—- = k is applied, since H.XOj is_a

(I — a)v

weakly dissociating acid. Walker and Cormack, :oo, p. 11, have de-

termined the value o{ k ^ 304 x IQ-^. The gram molecular dilution

in litres, v, is equal to the reciprocal of the concentration per litre

= 1/2.4 X 10-3 = 417- Let ^-^^ = vk = e, then ^ = 417 x

304 X io-»= 126.7 X lO"*- ^^'°'^ \v\<\Q:a a = 0.0113+, i. e., about

r.i per cent of the total amount of the acidic H, obtained by titra-

tion, actually exists as free ionic H. This gives the ionic concentra-

tion of H = 2.4 X io-« X 0.0113 = 27 X 10-9 gmion per c.c. It is

this magnitude which would become significant if we were trying

to compare different cultures with reference to their physiologically

effective acidities. The titrated values alone would be misleading

for the purpose of such comparison. These observations are by no

means intended to involve the proposition that the undissociated

portion of the molecule is physiologically inactive. The problem of

apportioning the effect between the ionized and the undissociated

portions of molecules awaits experimental solution.

Five c.c. of the first culture whose acidity was above described re-

quired for the neutralization of the methyl orange alkalinity 3.4 c.c. of

0.01 m HC1 = 3.4 X io-V5=6.8 x io-« gmol. per c.c. of \lO.

The numerical value, 6.8, is used for purposes of comparison and for

plotting the curve of alkalinity. It is directly comparable with the

2.4 obtained for the acidity of the same culture at the same time.

From the qualitative analysis it may be inferred that the following

are types of the reactions that occur, one for alkaline, the other for

alkaline earth bicarbonates:

NaHCOa + HCl (4-mthor.) = NaCl 4- H.CO,.

Ca(HC0»)3 + 2 HCl (,4-mthor.) = CaCl. + 2 H-jCOa-

The qualitative examination has shown that the methyl orange alka-

linity is equal to practically the total salt content, and this quantity
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becomes especially significant as an indispensable factor for the cal-

culation of the physical osmotic pressure. But for this purpose it is

necessary to know at least how much of the salts consists of alkali

metal compounds and how much of alkali earth compounds. This is

due to the fact that the value, «, which expresses the number of the

dissociated products of a single molecule is involved in van't Hoff's

osmotic factor, i, = i + (« - i) «. and that « = 2 for the alkali

group, and « = 3 for the bicarbonates of the alkali earth group. The

question of the dissociation of the bicarbonate molecules will be

taken up again presently. Of course a greater approach to accuracy

in the calculation of osmotic pressure would be possible if the quanti-

ties of Ca, Mg, etc.. were separately determined. These estimations

are hardly worth making for the little to be gained thereby, unless

in a given case a specific physiological action of these kations were

also in question. For the purpose of estimating the alkali group

directly and the alkali earth group by difference, the following method

was pursued : 5 c.c. of the same culture liquid whose methyl orange

alkalinity had been determined upon another portion, was evaporated

to dryness. The temperature was kept short of charring the organic

matter and the heating was continued for some time. The residue

was treated with small quantities of boiling distilled water and the

solution of alkali carbonate so obtained was filtered hot. The quan-

tity of water used, including one washing of the filter, should not

much exceed the original volume of culture liquid. After cooling, the

methyl orange alkalinity is again found with the same reagents and

under the same conditions as in the first titration. Since both these

titrations show the total Na or K content present, regardless of

whether the carbonates are normal or acid, the second titration shows

directly how many gram molecules of alkali bicarbonate were present

in the original 5 c.c. of culture liquid, and the difference between the

first and second may be taken to represent the amount of alkali earth

bicarbonate. This method would not be applicable if other alkali

earth salts than carbonate and bicarbonates were present. In such

case the method of Hehner, described in Sutton, 104, pp. 70-71, could

be used to ascertain the amount of alkali earth bases.

The determinations previously given apply to the first culture above

described at a very early period in its history. I shall now take data

from the same culture after it was several weeks old. It had by that

time shown the characteristic succession of animals later to be

described, had become again -clear with but comparatively few non-
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encysted bacteria to be seen, and had changed its color to a dark

brown indicative of a low free acidity. Its acidity without correction

measured about 0.2 c.c. of o.oi m NaOH for 5 c.c. of culture liquid,

and hence was negligibly small. The methyl orange alkalinity and

the calculations which follow were taken for this culture at this stage

of its development, because the data will serve both for illustrating a

general problem of frequent recurrence and also as part of the neces-

sary data in an experiment upon Paramascia taken from this culture.

In a subsequent part of this paper dealing with the relation of Pro-

tozoa to distilled water, the results of the present discussion will be

again referred to and applied.

Five c.c. of this older culture liquid required 3.95 c.c. (corrected) of

0.0102 m HCl for neutralization, using methyl orange as indicator.

After evaporation for the separation of alkali earth bicarbonates ac-

cording to the process previously described, the methyl orange alka-

linity required 1.4 c.c. (corrected) of O.0102 m HCl for neutralization.

Let us calculate the gram molecular concentration per cubic centi-

metre, assuming the type reactions above written (p. 465). For alkali

bicarbonates the concentration = 1.4 X 102 X IQ-'/ 5 = 2-86 X I0~*

gmol. per c.c. For alkali earth bicarbonates the concentration

^ (395 X 102 X 10-^) - (1-4 X 102 X 10-^) ^ 2.6 X 10^ gmol. per
5x2

c.c. It is to be observed in the type equation for the alkali earths that

the use of 2 gmol. of HCl shows the presence of only i gmol. of

Ca(HC03)2.

Having obtained these data, we are ready to consider the question

of the osmotic properties of the liquid. As has been previously ex-

plained, this question is, from the physiological standpoint, a compli-

cated one, which involves the quantity of each special constituent,

the complex physical system constituted by the mixture of these in

solution, and more especially the permeability of the cell walls under

the simultaneous action of all these constituents. The physiological

osmotic relations are, in the present state of our knowledge, unap-

proachable by any method of calculation. Only direct and extended

experimentation will yield these highly desirable data. But if on the

physiological side we assume a strictly semi-permeable membrane,

and on the physical the kinetic theory of gases as applied to solu-

tions, thus involving the theory of electrolytic dissociation, then we

can approximately calculate, from the data above obtained, the quan-

tity which I have called the physical osmotic pressure. In this cal-
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culation I shall assume that the alkali earth salts are sufficiently alike

in physical osmotic properties, that this whole group of salts can.

for purposes of calculation, be treated as if it consisted entirely of

Ca(HC03)2. Similarly the alkali earth group will be treated as if

it consisted entirely of NaHCOj.
Let the pressure of a gram molecule per litre of a substance in un-

dissociated condition = /"(,, and in condition of dissociation = P. Com-

parison of different substances belonging to the two classes shows that

P for electrolytes, such as we are dealing with, is greater than P^, and

the ratio — has been called = /, and the application of the theory

of electrolytic dissociation to these cases has developed the formula

/ = I + (« - l) (? in which n = the number of the dissociated prod-

ucts of a molecule, and a = the fraction of the total number of

molecules which have dissociated. In the culture medium above

titrated we have for the total salt content P^ = (2.86 -j- 2.6) x IQ-^ =

5.46 X io~^ gmol. per litre. Since one gram molecule in 22.4 litres ex-

erts a pressure of one atmosphere Pq = 22.4 X 5.46 X io~^ = 0.l22 atm.

In order to find the desired quantity P, we must have i, and for this

the value of a must be known. Let us assume for the moment that

the dissociation of both salts is practically complete, i.e., that a=i,

and that for NaHCOg, n= 2, for CaCHCOg)^, n = i. Then for

NaHCOg, ? = 2, and for Ca(HC03)2, i=y Hence for NaHCOg.

P = 2 X 2.86 X io~^ X 22.4 = .128 atm. For Ca(HC03)2, /" = 3 x

2.6 X 10-* X 22.4 = 0.175 atm. The total /' = o.i28 + 0.175 = 0.303

atm., which is the physical osmotic pressure as previously defined and

under the above assumptions. As will be shown directly, these pres-

sures are greater than the theoretically correct values.

Evidently a is the most significant quantity involved in the deter-

mination of the osmotic pressure, and I shall describe the method

by which a was obtained from data of electrical conductivity. We

may make a digression here to discuss one other method, that for the

determination of the depression of the freezing-point, which might

also be used for the same purpose when the molecular concentration

as here found by titration is known. By this method we would get a

I 85°

depression of 1.85° for i gmol. in i litre, or -"^^ for i gmol. in 22.4

litres, and this would be the depression corresponding to a concen-

tration which would give an osmotic pressure, P— i atm. Since an

ion and a molecule give the same depression, the 0.303 atmospheres
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which we have above found to be the maximum physical osmotic pres-

sure would give a depression = 0.303 x 1.85-/22.4 = 0.025^ C ihis

small range on the temperature scale represents the total concentra-

tion which on the conductivity scale is represented by 642 + oi 10

units (reciprocal ohms). The sensibility and accuracy of the latter

method greatly exceed that of the cryoscophic method, at any rate

under the conditions of the ordinary use of both methods. Fhe de-

pression of the freezing-point has the advantage of giving the value

of a more directly than calculation from conductivity data.

In calculating the value of a I shall regard the medium as consist-

ing of the known molecular concentrations above found of the weak

electrolytes NaHC03 and Ca(HC03),. Other electrolytes are not

present in appreciable concentration, and the amount of free H

acidity is very near the phenolphthalein neutral Point as prev^usly

observed We have then practically a system composed of NaHLUj

and CaCHC03)3 in solution in H,0 and in a condition of equilib-

rium We desire to obtain the a value for the salts when they are

constituents of the system. This we shall attempt to obtain by the

application of the law of mass action. In the process we shall need

at least for comparison the a values of the respective pure aqueous

solutions of the salts. These values are to be found directly given,

or they can be interpolated in the tables or calculated from the data

of Walker and Cormack, -.oo, and from Kohlrausch und Holborn, 98-

By titration with methyl orange we have found the gram atomic

concentration of Na=2.86 X io-« per c.c. = i gram atom in 350 litres,

1 ., the dilution z;=350. By interpolation in the table of conduc-

tivities of NaHCOa given by Walker and Cormack, :oo, p. 10, and

by using 79.S as given by these authors as the conductivity ot

NaHC03 at infinite dilution, we obtain
^^
=^ = 94-0 per cent

= a For CaCHCOj).^ we have found the concentration of Ca =

2 6X io-« per c.c. = i gram atom in 385 litres, /. e., the dilution v=

385 For CaCHCOg)^ no table of directly given conductivities was

available. The conductivity >. (Siemens units) of Cal^HCOs)^ at

,,= 385 and also at infinite dilution was derived from partial values,

,• ,• from the ionic conductivities of the respective ions at these

respective dilutions. Walker and Cormack's value, 38, was used for

the ionic conductivity of HCO3 at infinite dilution. To obtain HCO3

at r= 385. the molecular conductivity ^ for v=l%^ was interpolated

in Walker and Cormack's table for the conductivity of NaHCOg. and
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from this was subtracted the ionic conductivity of Na at t'=385_

The latter value was taken by interpolation from Kohlrausch und

Holborn, '98, p. 200, the value of A being reduced to /x. Thus was

found NaHCOg -Na = 74.95 -38.6- 36.35 =/x for HCO3 at 7' = 385.

In an entirely analogous manner the ionic conductivities of Ca at

I' = 385 and at infinite dilution were obtained. For this purpose the

tables of Kohlrausch und Holborn, '98, p. 161, for CaCI.j and p. 200

for CI were used, although the value of Ca could as well have been

taken from the table of ionic conductivities on p. 200. The values

of A were reduced to jx. Thus was found \x at i' = 385 forCaClj —
Cl2= 199.8— 118.4=81.4 = /i for Ca at i' = 385. Then fx at 7'= 38s

for Ca + (HC03)2 = 81.4 + 72.7 = iS4-i = M for Ca(HC03)2 at v =
385. The ionic conductivity of Ca at infinite dilution was taken from

Kohlrausch und Holborn, '98, p. 200, A being reduced to fi, giving

Ca=; 99.71. Thus fx for Ca(HC03)2 at infinite dilution = Ca +

(HCO,\ = 99.71 + 76= 17S.7- We now have^ =i^= 87.7 per

cent = «.

We may now consider the conditions which prevail in this system.

It is well known that when substances like NaHC03 and Ca(HC03)2

are dissolved in H„0 a reaction known as hydrolysis occurs between

these salts and the water. The result is that only a portion of the

salt originally placed in the water remains as such, the remainder

being distributed under the form of other compounds. In the con-

sideration of the present system it is therefore necessary first to study

the question of the hydrolytic decomposition of the two salts. The

methyl orange titrations previously made show the total gram atomic

content of Na and Ca with which one could have made the actual

solution that constitutes the culture liquid here considered. Accord-

ing to McCoy :04, pp. 4 and 5, the hydrolysis of NaHCO. is represented

by the two following reactions

:

(1) NaHCOa + HOH^ NaOH + HCHCOj)
Ci C3 Ci Ki

(2) NaHCO, -I- NaOH 1^ HOH + NaXO,
Cj C, C. K.,

Let the equilibrium constant of (i) be represented by Kj, of (2)

by Kj, and of the system composed of (i) and (2) by K^. By apply-

ing the law of mass action McCoy developed the following relations:

Co C4 J\ 1
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He fouiul the value of K = 5320. He found that "in a decinormal

solution made from solid bicarbonate and water in such a way that no

carbon dioxide is allowed to escape" the hydrolysis amounts to 2.68

per cent (I.e. pp. 12-13).

Walker and Cormack, :oo, p. 9, also investigated the amount of

hydrolysis of NaHCOj in pure solution, by reducing the hydrolysis

by the addition of a solution of carbonic acid, as recommended by

Bredig, and found " that the extent of hydrolysis of sodium hydrogen

carbonate would not exceed a fraction of a per cent, even at the

greatest dilution we investigated." The a value above obtained for

a pure solution of NaHCOg may therefore be taken as practically

correct for the dissociation of NaHCOg, even for the supposition that

no hydrolysis occurs.

We may now consider the hydrolysis of CaCHCOj).^. H the re-

actions are of the same nature as those McCoy has described for

NaHCOj, we would have the following relations:

(3) Ca(HCOs), + 2 HOH ^ Ca 2 OH + 2 HCHCOs)

(4) Ca(HCO,), + Ca 2 OH ^ 2 HOH + 2 CaCO,

From the law of mass action we would obtain the following relation

for a pure solution of Ca(HC03)2 in HjO

:

The entire system of relations containing the simultaneous con-

ditions of equilibrium represented by reactions (i), (2), (3), and (4)

can be deduced from the law of mass action, and is expressed as

follows :

C* X C„=
~ A7'

A'u

For want of the experimental data for Ca(HC03")2 as represented

in (3) and (4) we cannot solve the equation for Kj^.

For our purpose, which is in part to determine the osmotic pressure

from the amount of molecules and ions and in part to gain a con-

ception of the complexity of the biological factors represented by the

molecules and ions, it will be necessary to consider also the ioniza-

tion of the products of hydrolysis. Besides the four main equilibria
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represented in reactions (i) to (4) there will exist at least eleven

others as, follows

:

(5)
NaHCOa T^ Na- + HCO3'

(6)
Na.CO, :^ Na- + NaCOs'

(7)
H(HC03)^H-+HC03'

(8)

(9)

NaOH ^ Na- + OH'

HOH :ri H- + OH'

CaC03:^Ca"+ CO3"

Ca2 OH:;=±Ca--+ 2 OH'

HCO3'^ H- + CO3"

NaCOa' ^ Na- + CO,"

Ca(HC03)-:;=iCa- + HCO3'

/ jo) Ca(HC03)2^ Ca( HCOs) • + HCO3'

(12)

(13)

(14)

(15)

The constants required by the law of mass action are known for

most of these, but I am not aware of values for the constants of (10)

and (15) and of (6) and (14)- If we may neglect hydrolysis, the

system of relations becomes at once simpler and can be more easily

solved for the amount of each of its kinds of particles. From what

has already been said, the amount of hydrolysis is probably small.

The ionization of NaHCOg without appreciable hydrolysis may be

considered comparable to that of NaNOg. The latter solution when

at the same concentration as the NaHCOg, i.c ^' = 350, has an a value

of 9S.- per cent, as determined from a table for NaNOg constructed

from data in Kohlrausch und Holborn, '98, p. 200. As above de-

scribed Walker and Cormack found 94.0 per cent for a solution ot

NaHCO, Likewise the ionization of Ca (HCO,), without hydrolysis

may be considered comparable to that of CaCNO^), at the same con-

centration, which is V = 385. From Kohlrausch und Holborn's tables

we obtain 89.1 per cent = rt. For an actual solution of CaCHCO.,)

we have above found, by a method of interpolation, a = 87.7 per cent

We shall treat the system without reference to hydrolysis and^shall

adopt a for NaHC03= 940 per cent, and a for Ca(HC03)2- 89.0

jjer cent.
, r ,^u ,

Without hydrolysis we would have a system composed of the two

weak electrolytes NaHCOg and CaCHCOa)^ dissolved in water A

portion of each salt will be ionized until equilibrium is established

and the two equilibria so produced exist simultaneously. It is prob-

able that Ca(HC03)2 ionizes in two stages as follows:

Ca(HC03)o. i=i Ca(HCO:,)- + HCO,'

CaCHCOa) T:^ Ca- + HCO/
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The calculation of the ionic concentrations involved here, accord-

ing to the law of mass action, would require certain constants. It is

probable that at the dilution in question, i. e., 7'= 385, the formation

of the Ca(HC03)- ion maybe disregarded for approximate results.

Not having the necessary constants, we shall treat the system as if

one reaction represented the ionization of Ca(HC03)2. The system

may then be represented as follows:

NaHCOa = .00286 gmol. per litre. .-. V, = 350

Ca(HC03)2 = -0026 gmol. per litre. .-. V. = 3S5

a For NaHCOa = «, = .94

a For CaCHCOs): = a. = .89

NaHCO, ^ Na- + HCO3' ^. ^ ^i'- ^ 05,5
<i b r,

" (1 - '^i) ^1

Ca(HCO.). ^ Ca- + 2HCO3' j. ^ a^ ^ ^
d e c,

'- (i - aj y-i

For K12 I liave used the formula as given by Mellor, :04, p. 193

(cf. Ostwald, '99, p. 408). Since the undecomposed NaHCOg and

CaCHCOj).,, i. e., a and d must stand in equilibrium with all the

HCO3' ions present in the system, /. e.,(\ + c\_, regardless of which mole-

cule produced them, we may write c = i\ + c.y Furthermore we shall

adopt one litre as the volume of the system. Hence the letters a, b,

I, d, e, represent the actual concentrations of their respective sub-

stances in gram ions or gram molecules, i. c, in mols. Direct appli-

cation of the law of mass action gives two equations from the two

equilibria, the necessary equality between all the kations and all the

anions gives a third, and the known concentrations of each salt give

two more (cf. Ostwald, '99, pp. 415-416). These equations are as

follows

:

(i) be = A'„fl (2) ec" = A',.,/ (3) c = b^- e

(4) " + ^'-3-5-0 (5) '^+'=^

When a distinction between <i and c, was observed in the statement

of the equations, difficulties arose and the attempt was abandoned.

Solution of the above system of equations gives the following values:

( = .00285, (!'=.00271, '? = .00015, < = .00216, (/=.00044. These

values make a for NaHCOg under the conditions of the system = 98.6

per cent, and for CaCHCOg)., = 83.1 per cent. According to the
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above values the total concentration of mols in the system \s a -\- b

c + d -{ e = .00?>2i\, and the concentration of undissociated mols re-

quired to produce the system = .00286 + .0026 = .00546. Hence the

/value required to find the physical osmotic pressure is 831/546 =
1.52 = /'//'(,, previously defined (p. 468). This value has no claim to

accuracy, but it is probably a fair approximation.

In this connection we may consider the results obtained from the

measurement of another one of the physical properties of the same

culture liquid which has just been under discussion. The electrical

conductivity of this medium was determined by the Kohlrausch

method on the same date when the data for the preceding calculation

were obtained. We are therefore able to compare calculated and

observed conductivities. Having above found for both constituents,

m (= a) under the conditions of the system, and knowing /i^ for both,

we have all the data necessary for calculating the theoretical conduc-

tivity. The values we have used are expressed in Siemens units, and

we desire to convert them to reciprocal ohms to correspond with the

denomination of the results obtained by actual measurement. We
apply the formulas /i„ = ;« /^^, A = ^,, 1.063, ^^d « = A ;'. For com-

parison of units see Kohlrausch und Holborn, '98, p. 4. We thus

obtain for the NaHCOg, n — 238 X iO~^, and for the Ca(HC03)2, « =
404 X io~*'. The sum of both gives total n — 642 X io~*. The above

calculations are all based on T= i8°C., and the actual measurement

of the conductivity of the culture liquid at this temperature gave « =
643 X IO-*.

The total salt content, i. e., the total ash, is a quantity which gives

so little information regarding the culture liquid itself, and its deter-

mination is subject to so much inaccuracy (volatilization, cf. Hoppe-

Seyler, :o3, pp. 391-394, especially pp. 409-410) that the result for

our purpose is scarcely worth the necessary effort. It is a quantity

which presumably would not vary much in the same culture, but

might sometimes be useful for the comparison of different cultures.

One objection to these estimations, from our point of view, is that they

include the mineral matter of both the organic and inorganic constitu-

ents of the original liquids, and there is no method of separating these.

In any case, for rapidity and uniformity of results the processes of

mineralization in the wet way, by A. Neumann, :oo, :02, :05, should

be followed, as described in Hoppe-Seyler, 103, pp. 393-394. I have

found it practicable to perform the operation upon 5-10 c.c. of culture

liquid contained in a 50 c.c. to 100 c.c. porcelain crucible, which had
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been weighed, and which during the process was kept nearly closed

by the inverted cover of the crucible. The liquid was treated by

slow additions of small quantities (drops) of a mixture of equal

volumes of concentrated HjSO^ and HNO3, and was heated cau-

tiously. When the mineralization is complete the clear and light-

colored liquid is evaporated, and the residue is dried and weighed in

the crucible. In this manner was obtained, from 5 c.c. of the culture

liquid with which we have been dealing, a residue = O.O083 gm.

I regard the total salt content as a quantity of much less importance

than the several amounts of different salts or radicals which can be

obtained by the use of special methods for each constituent. The

preliminary qualitative examination serves as a guide to show which

of these need be sought quantitatively. There will be most frequent

use for the estimation of CI, and this I have done by the Volhard

method, using the standard solutions prepared as previously described.

The use of a perforated porcelain funnel upon which a layer of fine

asbestos was prepared, and in connection with a filter pump attached

to the water supply, greatly expedited the removal of AgCl as required

in this method. The amount of CI in 5 c.c. of the above culture

liquid was found to be equivalent to 0.2 c.c. of a O.oi n AgNOj solu-

tion. Hence the CI = 0.2 x iO~V5 = 0.4 X lO"^ gmat. per c.c.

We pass next to the determination of the oxygen consumed. The

meaning and limitations of this determination are well stated by

Rideal, :oi, pp. 31-34- The absolute values obtained have no uni-

form significance, but when the process is performed under the same

conditions and upon materials that are qualitatively comparable, e.g.,

hay infusions, the results may be regarded as giving at least some in-

dication, but by no means an accurate measure, of the amount of easily

oxidizable organic matter. I have performed the process essentially as

described by Rideal, :oi, pp. 32-33, except that I permitted the action

of the permanganate to continue fifteen minutes at room temperature.

Thus 5 c.c. of the same culture liquid as has been used in the other

previously described measurements showed, under these conditions,

a loss of 1.6 c.c of a 0.012 m Na.iS.^Og solution. In conformity with

our general scheme we desire to express this in lo"* gm. of oxygen

per cubic centimetre of culture liquid. Equations for the above

process show that 2 KMn04 = 5 O = lo I = 10 Na^S.^O.^, ;'. c, i gmol.

of Na.jSo03 used representsS gm. O. Hence 1.6 c.c. of 0.012 m Na^S.^O,

represents 1.6 X 12 X lO~' X 8^5 = 30.7 X iO~' gm. O consumed

per c.c. of culture liquid.
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The method used to obtain the free and saline ammonia, and the

total organic nitrogen (including the ammoniacal nitrogen) have

been sufficiently described in connection with the description of the

preparation of standard solutions. 5 c.c. of the same culture liquid

with which we have been dealing, when operated upon in the manner

referred to, was found to have a content of total organic nitrogen

= 12 X 10 ' gm. N c.c, and of ammoniacal nitrogen = 1.8 X 10

gm. N/c.c.

The entire collection of data which have been obtained from this

culture No. 6 - 3 - 8, I, by both direct observation and by calcula-

tions based thereon, is recorded in the following table. The deter-

minations marked * represent the quantity of reagent used, not that

of the substance estimated, the complete identity of which was m

such cases not certainly determined. The significance attached to

the numerical results appears in the preceding discussions.

CULTURE No. 6-3-S.

Age. 2 days. H days.

*Phth. Ac 2.4 X 10-^ gmol./c.c.

H2CO3 2.4 X I
o-« gmol./c.c.

Ionic H 27.0 X 10^' gmion/c.c.

*Mthor. Alk 6.8 X lo"^ gmol./c.c.

*Phth. Ac Trace.

*Mthor. Alk. : Obs 8.06 X 10-^ gmol.;c.c.

« Calc. fr. Bicarb 8-°6 X io-» gmol./c.c.

Alk. Bicarb 2.86 X 10- gmol.c.c.

a for Alk. Bicarb 98.6%.

Alk. Earth Bicarb 2-6 X lo"" gmol./c.c.

a for Alk. Earth Bicarb 83.1%.

Total P/Z'o
0.186 atm.

Electr. Cond. : Obs 643. X 10-' i/ohm.

« " Calc. fr. Bicarb 642. X 10 ' i/ohm.

Sulphated Ash per 5 c.c °-°°^2> gm-

Q[
0.4 X I0-' gmat. c.c.

O consumed
'.'."'.'.

3°-7 X lo"' gm./c.c.

Total Organic N 12.0 X io-« gm..c.c.

Ammon.N 1.8 X 10- gm./c.c.

Tn the next following part of this paper will be described the re-

sults obtained in the study of cultures under continuous observation,

and of which the biological record was simultaneously obtained.
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THE RELATION OF THE NORMAL HEART RHYTHM TO

THE ARTIFICIAL RHYTHM PRODUCED BY SODIUM
CHLORIDE.

By a. J. CARLSON.

[Fiovi the Hull Physiological Laboratory of the University of Chicago.]

I.

THE experiments here recorded were undertaken primarily with

the view of determining what part, if any, the intrinsic nervous

tissue in the heart talves in the production of rhythm in parts of the

heart not normally automatic when immersed in an isotonic sodium

chloride solution. The fact that curarized skeletal muscle twitches

more or less rhythmically in a pure sodium chloride solution suggests

that the rhythm produced by this same chemical in non-automatic

parts of the heart is idio-muscular. But it is also possible that the

local nervous plexus in the heart strips is involved in the artificial

rhythm, and this may account for the fact that the rhythm of isolated

heart strips in sodium chloride approaches in regularity more closely

to the normal heart rhythm than does the sodium chloride rhythm

of skeletal muscle. This question cannot be attacked directly in the

vertebrate heart, because the nervous and the muscular tissues can-

not be separated for the necessary experiments, let alone the fact

that the function of the intrinsic nervous tissue in the vertebrate

heart is still, at least according to some physiologists, an unsettled

question.

None of these difificulties confronts us in the Limulus heart. The

function of ganglion and the nervous plexus in this heart is no

longer a matter of controversy. The two tissues can be isolated so

that the action of a chemical on either tissue may be accurately

studied apart from that on the other. And finally, a pure sodium

chloride solution (isotonic) produces, to all appearance, the same

type of transient rhythm in the non-rhythmical part of the Limulus

heart as in the classical strips from the apex of the vertebrate heart.

For these experiments the Limulus heart is prepared as shown in

47S
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^^^rir

diagram B (Fig. i ). The median dorsal nerve cord or ganglion is ex-

tirpated for the whole length of the heart. The heart is transsected

in the middle of the second and the third segments, and the inter-

vening part removed, thus leaving the anterior and posterior ends of

the heart connected by the lateral

.

nerves or rather nerve ple.KUS

only. Both ends of the heart

can now be suspended in sepa-

rate chambers for graphic regis-

tration, and either end immersed

in sodium chloride while the other

end is bathed in plasma or sea

water. It has been shown in a

previous paper in this journal

that most of the fibres of the lat-

eral nerve ple.xus in the middle

region of the heart are motor

fibres to the muscle of the ante-

rior segments. Hence, if the

posterior end of the preparation

(^B, Fig. O is placed in sodium

chloride, the anterior end re-

maining in plasma, the anterior

end would begin to beat in syn-

chrony with the artificial rhythm

of the posterior end, provided the

solution produced a rhythm in

the lateral nerve plexus directly

or in case the idio-muscular

rhythm was in some way com-

municated to the nerve ple-xus.

Some experiments were also

Figure 1.— Diagrams to illustrate the prep-

aration of the Limulus heart for study-

ing the relation of the sodium chloride

rhythm to the normal rhythm. Uorsal

view of the heart. Diagram A, ganglion

e.\tirpated in the first three segments, and

part of the second and third segments

removed, leaving the two ends of the

heart connected by the lateral nerves,

.interior end is immersed in the sodium

chloride, while the posterior end is kept

in plasma or sea water. Diagram B,

heart prepared as in A, with the ex-

ception that the ganglion is extirpated

throughout its whole length. Prepara-

tion used for studying the relation of the

nerve plexus to the sodium chloride

rhythm. Diagram C, preparation of the

first two heart segments and the lateral

nerves for studying the changes in the re-

sponse of the muscle to stimulation of

the nerves during the sodium chloride

rhythm.

made with a preparation similar to that shown in diagram C (Fig. i).

the lateral nerve plexus on both sides being isolated from the middle

of the second to the fourth or fifth segment and placed in the sodium

chloride solution. If the sodium chloride produces rhythmic activity

in the nerve ple.xus, the anterior end of the heart would begin to

contract rhythmically in the plasma or sea water bath.

I desired, in the second place, to study the changes in the response

of the heart muscle to the normal stimulus produced by the sodium
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chloride in developing the rhythm in the ganglion free part of the

heart. So far as I know, this has not yet been done, despite the

numerous researches on artificial rhythm in the vertebrate heart, but

the question is now being investigated on the vertebrate heart in this

laboratory by Professor Lingle. The Limulus heart lends itself ad-

mirably to an accurate study of this question. The heart prepara-

tions made use of for these experiments are illustrated in diagrams A

and C(Fig. l). The preparation A is arranged for simultaneous trac-

ings from^the two ends of the heart, and the plasma or sea water in

the chamber containing the anterior end replaced by j«o«
sodium

chloride. In such a preparation the anterior end beats in synchrony

with the posterior end, while the sodium chloride rhythm is being

developed in the former. In the tracing from the posterior end we

have a check on the rhythm of the ganglion so that the changes in

the amplitude or rate of the contractions of the anterior end can be

traced directly to the action of the sodium chloride.

The preparation in diagram C was used as follows. The muscle

was immersed in the isotonic sodium chloride solution, and the iso-

lated lateral nerves placed in a watch glass filled with plasma. From

time to time the nerves were lifted out of the solution and stimulated

by induction shocks, and the variation in the muscular response dur-

ing the different phases of the sodium chloride rhythm recorded.

II.

When the dorso-median ncri'c cord or ganglion has been removed

from the heart, the intrinsic ncnr plexus takes no part in the rhythm

produced by immersing the heatt in isotonic sodium chloride. This is

shown by the following experiments, i. By placing the lateral

nerves of preparation C (Fig. i) in the sodium chloride, and leaving

the muscle part in plasma or sea water, no rhythm is produced in the

anterior end. 2. When the posterior end of preparation B (Fig. l)

is placed in sodium chloride and the anterior end in plasma or sea

water, the rhythm developed in the posterior end never affects the

anterior end, despite the fact that the lateral nerves connecting the

two ends of the heart remain intact and capable of functioning. It

is therefore evident that the rhythm produced by sodium chloride in

the ganglia free heart is idio-muscular, and that this idio-muscular

activity does not affect the superficial nerve plexus after the ganglion

has been removed. Furthermore, the sodium chloride is not able to
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produce a rhythm in the dorsal nerve plexus in the absence of the

ganglion.

In a previous paper in this journal I have shown that an isotonic

solution of sodium chloride may inaugurate a transitory rhythm in a

quiescent heart ganglion of IJnuilus. The latent period of the gan-

glionic rhythm in sodium chloride is much shorter than that of the

heart muscle. In fact in some preparations the ganglionic activity

in sodium chloride has run its course before the idio-muscular rhythm

appears, so that there is a definite pause between the neurogenic and

the myogenic rhythm. In other preparations the ganglionic and the

idio-muscular rhythm may overlap. The ganglion continues in ac-

tivity for a while after the idio-muscular contractions have begun, but

the latter invariably persist much longer than the former.

III.

As shown by the response of the heart muscle to electrical stimu-

lation of the lateral nerves, tlurc is a gradual increase in exeitalnlity of

the heart muscle immersed in an isotonic sodium chloride solution tip to

the time zvhen the idio-muscular contractions appear. The heart muscle

not only responds to the same stimulus with contractions of increas-

ing amplitude, but shortly before the idio-muscular rhythm begins,

the heart muscle may respond with two or three contractions to the

same stimulation of the lateral nerves that called forth only one con-

traction at the beginning. In several experiments the electrical

stimulation of the lateral nerves after a bath of the muscle in sodium

chloride for 35 to 45 minutes actually started the idio-muscular

rhythm. The heart muscle continues to respond to the stimulation

of the lateral nerves for some time (20 to 40 minutes) after the in-

auguration of the rhythm, but towards the end of the rhythm the

stimulation of the lateral nerves has no effect, although the heart

muscle is affected by direct stimulation.

The changes in the heart muscle leading up to the sodium chloride

rhythm are therefore in the direction of increased sensitiveness to the

normal stimulus, but the heart muscle can also contract rhythmi-

cally in sodium chloride when in such condition that it can no longer

respond to the normal stimulus. The same will probably be found

to be true for skeletal muscle in the vertebrates. For the vertebrate

heart it must be left undecided till we have succeeded in separating

the two tissues for experimental purposes.
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IV.

The heart muscle immersed in an isotonic sodium chloride solu-

tion continues to respond to the normal impulse or stimulus to the

rhythm reaching- it from the ganglion through the lateral nen>es for

some time after the idio-muscular contractions have developed, but

FiGURK 2. — One-half the original size. Simultaneous record from the two ends of the

Limulus heart, prepared as shown in diagram A, Fig. 1. Upper tracing from anterior

end, forty minutes after immersion of the anterior end in ^n NaCl. Showing de-

velopment of the sodium chloride rhythm while the muscle still responds to the

nervous impulses from the ganglion through the lateral nerves.

tozvards the end of the sodium chloride rhythm the heart muscle 710

longer responds to the normal stimulus just as it fails to respond to the

artificial stimulation of the lateral nerves. The preparation used in

these experiments is that represented in diagram A (Fig. i), the an-

terior end being immersed in the sodium chloride solution. Under

these conditions the normal rhythm is superimposed on the artificial

rhythm for a while. The appearance of the tracings of this composite

rhythm is very variable, depending on the regularity, or rather ir-

regularity of the idio-muscular contractions. In rare instances the

idio-muscular contractions were strong and fairly regular from the be-

ginning, in which case the rate of the rhythm of the anterior and the

posterior end of the heart usually presented the ratio of two or three

to one. A typical record of this type is reproduced in Fig. 2. The

upper record is from the anterior end. The neurogenic or stronger

contractions are superimposed on the idio-muscular or weaker con-

traction. The rate of the latter rhythm is nearly the same as that of

the former at the stage of the experiment represented on the tracings,

but such a regularity is not long maintained, as the idio-muscular

contractions become more rapid and irregular before the final cessa-

tion of the rhythm. In Fig. 3 is reproduced the most common form

of this compound rhythm. By close inspection of the upper record

it will be seen that the sodium chloride contractions start as a rapid

series of more or less rhythmical twitches or beats, on which the

normal or neurogenic rhythm is superimposed. The former increases
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in strength and then tends to obscure the normal rhythm, but the

latter can be plainly made out by artificially accelerating the gangli-

onic rhythm as well as by abolishing the former. This is rapidly ac-

Figure 3.— About one-third the original size. Simultaneous tracings from the two ends

of the Limulus heart, prepared as in diagram A, Fig. 1. Upper tracing from anterior

end, immersed in
I'j

« NaCl. Showing the normal rhythm superimposed on the

idio-muscuiar sodium chloride rhythm. X = acceleration of the normal rhythm by

mechanical stimulation of the ganglion on the posterior end. X' — the {^ n NaCl

surrounding the anterior end replaced by plasma, showing the quick cessation of the

sodium chloride contractions as well as depression of the neurogenic contractions.

complished by replacing the sodium chloride by plasma or sea water,

as shown on the right-hand side of Fig. 3 at X'.

When after developitient of the idio-nmseidar rhythm, the sodium

chloride is replaced by plasma or sea water, not only are the idio-miiscu-

A\jVJMMMMMMVJMVJV_/^_

Figure 4.— Tracings from the anterior end of the Limulus heart prepared as in diagram

A, Fig. 1, after forty minutes immersion in /t, h NaCl. The contractions in B are the

normal or neurogenic rhythm, in A the sodium chloride rhythm. X= the sodium

chloride surroundmg the anterior end replaced by plasma, a = stimulation of the lat-

eral nerves by a weak interrupted current showing depression of the normal rhythm

by plasma after a previous bath in an isotonic sodium chloride solution, despite the

fact that the ganglion on the posterior end of the heart is active, and the lateral

nerve able to conduct.

lar contractions quickly abolislicd, but the heart muscle may for a time

cease to respond to the normal stimulus from the ganglion. The ante-

rior end of the preparation (diagram A, Fig. i) thus comes to a com-

plete standstill for a longer or shorter period until the normal rhythm

is resumed. The striking thing about this cessation of the response to

the normal stimulus is this, that on electrical stimulation of the lateral

nerves the heart muscle can still be made to contract although it does
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not respond to the nervous impulses from the ganglion. Escape of

the current directly to the muscle was guarded against. The fact

that the muscle contracts on stimulation of the lateral nerves shows

that the nerves and nerve endings remain functional. The heart

muscle contracts also on direct stimulation. The failure of the

normal stimulus to produce con-

tractions is therefore difficult to

explain, except on the assump-

tion that the electric^ stimula-

tion of the nerves gives rise to

nervous impulses of so much

greater intensity than those com-

ing from the ganglion that in this

^
state of reduced excitability the

Figure 5. —Tracings from the anterior end muscle responds to the former
of the Limulus heart, prepared as in dia- ^^^^ ^^^ ^^ ^^^ j^^^^^^
gram C, Fig. 1. The muscle part im-

mersed in an isotonic solution of sodium

chloride, a, i, f, stimulation of the lateral yr

nerves by the same strength and duration

of the interrupted current at fifteen-minute ... , l,„.,^^ „,,,<.^1o Jrr.
„, . . , c The Limulus heart muscle im-

mtervals. Showmg increased response ot

the heart muscle to stimulation of the lat- mersed in an isotonic sodium

eral nerves with the length of time of im- chloride solution exhibits the fol-

mersion in the sodium chloride solution.
jo^i^g changes in tonUS. When

the heart muscle is completely isolated from the ganglion, there is

a gradual lengthening of the muscle in the sodium chloride up to the

time when the idio-muscular contractions appear. It is not clear to

me whether this lengthening is an actual tonus relaxation or merely

a passive response to the pull of the light recording lever. As the

contraction begins there is a gradual increase of the tonus till the

end of the rhythm. During the latter part of the rhythm tonus

waves usually appear on the records simultaneously with the funda-

mental contractions, and the former usually persist for some time

after the latter have ceased. With the cessation of the more rapid or

fundamental rhythm, the heart muscle begins to lengthen again.

The tonus rhythm may persist for a while during this relaxation

process. When the preparation is transferred from sodium chloride

to plasma or sea water, the tonus is rapidly diminished as the idio-

muscular rhythm disappears.
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VI.

It has been shown in a previous paper in this journal that in

the Limulus heart the conduction takes place in the nerve plexus and

not from muscle cell to muscle cell. The proof of this is conclusive.

We have now, furthermore, seen that the sodium chloride rhythm is

idio-muscular and that the nerve plexus (minus the ganglion) takes

B

Figure 6.— Tracings from ganglion free segments of tiie Limulus heart immersed in

A « NaCl, showing some types of the idio-muscular sodium chloride rhythm.

no part in it. In view of these facts it is significant that the sodium

chlonde ihythni may closely approach the regularity of the normal

rhythm, because such a regularity involves practically the simultane-

ous contraction of all the muscle cells in the preparation. How is

such a co-ordination effected in the Limulus heart in the absence of

conduction from muscle cell to muscle cell when the tissue that nor-

mally serves to correlate the activity is not involved?

It is in a very few • preparations, however, that such a regular

sodium chloride rhythm is obtained. In the majority of the prepara-

tions the rhythmical twitchings are quite as irregular as the corre-

sponding contractions of skeletal muscle, and in the preparations

exhibiting the greatest regularity of the contractions it is invariably

superseded by inco-ordination and irregularity before cessation of the

activity. The sodium chloride rhythm may begin with a perfectly

regular and gradually augmented series of beats which finally pass

into a state of inco-ordination. It may begin by irregular and inco-

ordinated twitchings and change for a brief period to a regular co-

ordinated rhythm involving simultaneous contraction of all parts of
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the preparations to again be superseded by inco-ordination. Or,

thirdly, the sodium chloricl^ rhythm of a preparation may be irregular

throughout its whole course. Typical tracings of these different

forms of the sodium chloride rhythm are represented in Fig. 6.

The irregular rhythm requires no special explanation, as that type

of activity is what is to be expected under the circumstances, but the

presence of an to all appearance perfectly regular rhythm under these

conditions is more difficult to account for. There appear to be only

two alternatives. Either the sodium chloride alters the muscular

tissue so that a wave of contraction can be conducted from muscle

cell to muscle cell, a process which does not occur normally in this

heart; or the co-ordination is effected by means of an intercellular

nerve plexus so related to the dorsal or superficial plexus connecting

the ganglion with the heart walls that the impulses do not pass from

the former to the latter. These suggestions are, of course, only work-

ing hypotheses. My observations so far rather tend to discredit the

second alternative, but it must at the same time be admitted that we

have no direct evidence of the truth of the first, either for the Limulus

or the vertebrate heart. We do not yet know whether the contrac-

tion wave is normally conducted from muscle cell to muscle cell in

the vertebrate heart, but according to Guenther ^ the sodium chloride

rhythm in strips from the tortoise ventricle is at first confined to the

part of the strip immersed in the solution. The same author states

that this is also true for curarized skeletal muscle. In other words,

the sodium chloride rhythm of skeletal muscle is of such a nature

that one end of the muscle cell may be in rhythmic activity while the

other end is at rest, despite the fact that the whole fibre retains its

normal conductivity and contractility. The interpretation of the fact

for the tortoise ventricle may be the same as suggested above for the

Limulus heart. The main difficulty in testing the hypothesis in the

vertebrate heart is the unsettled question of the normal mechanism

of conduction.

' Guenther: This journal, 1905, .\iv, p. 73.



OBSERVATIONS ON HUMAN CHYLE.

Bv TORALD SOLLMANN.

[From Iht Pharmacological Laboratory of Western Reserve University, and the Surgical

Service of Lakeside Hospital, Cleveland, Ohio.']

Introductory.

''OUNDS of the thoracic duct or its branches are not infrequent

in operations on the neck.' The permission of Dr. D. P. Allen

to utilize a case of this kind at Lakeside Hospital gave occasion to

the following observations. I am indebted to Dr. J. A. Hofmann for

the collection of the fluids.

w

Clinical abstract. — A branch of the thoracic duct was cut during the excision

of some tubercular cervical lymph glands, on April 19, 1906. The lymph

flowed from the wound in a continuous stream. The flow continued free

for some days. On April 27 (eight days after the operation) it is esti-

mated as about 300 c.c. in the twenty-four hours. The amount is dis-

tinctly less four days later. On May 4 (fifteen days) it is noted as " very

small." The discharge has ceased entirely by May 14 (twenty-five days).

The patient is discharged on May 21, with the wound completely healed.

The circumstances of the case rendered it impossible to make the

physiologic and pharmacologic experiments as extensive as I would

have wished ; but the following may not be without some interest

:

Rate of flow.— On the first day of the regular observations

(April 27, eight days after the operation) the chyle flowed freely

through a catheter placed into the wound, and could be collected very

thoroughly and accurately. Breakfast (consisting of four ounces of

cooked cereal, coff"ee, one egg, and one piece of toast) was given at

7 A.M. One gram of potassium iodid was administered at 8.53 a.m.

The chyle was collected continuou.sly from S.45 a.m. until noon, into

test-tubes which were changed every five minutes until 10 a.m., then

less frequently. The contents of the test-tubes could not be measured

> Allen, D. P., and Uriggs, C. E. : American medicine. Sept. 14-21, 1901.
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direct y because of clotting ; but a close approximation was secured

by comparison with a control tube of similar size. The quantities in

Table I are therefore not quite accurate.

TABLE I.

Flow of Chyle (April 27).

Time.
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creamy appearance, the entire fluid set into an opaque, fairly con-

sistent jelly, sufficiently firm to remain in the tube when this was re-

versed and shaken rather roughly. This clot gradually contracted

into a thin cord of fibrin, by squeezing out the fat and serum.

The clear samples did not form a jelly, the clot in this case being

delicate and transparent and easily overlooked.

Chemical composition.— I am indebted to Dr. E. D. Brown for the

determination of the data of Table II.

TABLE II.

Chemical Composition of thk Chyle (in 1000 om).

Sample.
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limit, namely, 19.30 per thousand. This ether extract differed from

ordinary fat in that 96 per cent of it was soluble in 95 per cent alcohol.

The alcohol soluble fat (weighing 2.8823 gm.) contained free fatty acid

corresponding to 0.1165 gm. KOH per gm. of fat; this would corre-

spond to 0.587 gm. of free acid, expressed as oleic acid per gm. of fat.

This free acidity is probably due to decomposition of the sample be-

fore the examination was started. The Koetsdorfer saponification

number (combined fatty acid) corresponded to 0. 1362 gm. KOH
per gram of fat. The unsaponifiable residue amounted to only 2.5

per cent of the fat. This did not contain any phosphorus, hence no

lecithin.

Appearance of drugs In urine and chyle. — It was planned to Uti-

lize this case mainly for observing the relative rapidity of the appear-

ance and disappearance of drugs in the chyle and urine. The limited

number of results, however, are only valuable for orientation.

Potassium iodid ; Method— The iodid in the urine was determined

by adding to 5 c.c. of the urine i c.c. of 1:4 sulphuric acid, a

I per cent solution of sodium nitrite drop by drop, and 5 c.c. of car-

bon disulphid, and comparing the depth of color. The same method

was applied to the first twenty samples of chyle with negative results.

The failure was doubtless due to the combination of the liberated

iodin with the fat of the chyle. It was attempted to save these

spoiled samples by adding an excess of sodium hydroxid, evapo-

rating and incinerating, and testing the ash as above. The results

were again negative, as also in a control mixture of iodid and olive

oil, treated in the same manner. Subsequent samples were tested

with satisfactory results by evaporating directly with sodium hy-

droxid, charring the residue strongly, extracting with water, neutral-

izing, and proceeding as for the urines.

The iodid experiments were begun on April 27, i gram of

potassium iodid being administered by mouth at 8.52 a.m., two hours

after a light breakfast. The chyle was collected continuously

through a catheter, the receiving tube being changed at frequent

intervals; the bladder was emptied spontaneously every ten minutes

for an hour, then less frequently. The urine flow declined very

slowly from 6.7 c.c. per ten minutes at 9 a.m. to 4.25 c.c. at noon.

The flow of the chyle is reported in Table i. The iodid did not

cause any noticeable change.

The excretion by the urine began between eight and twenty min-

utes after the administration ; the iodid concentration was almost
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maximal in thirty-eight minutes, but increased slightly to one and

one-half hours. In one and three-fourth hours it had again fallen

slightly, being about the same as in one hour. This decline contin-

ued to two and one-fourth hours, when it resembled that of one-half

hour; at this level it remained to the seventh hour. In twenty-four

and twenty-six <iours it was very much less. None was detected after

four days.

Excretion by the chyle.— The first appearance of the iodid could

not be determined on account of the faulty method. The earliest

specimen examined correctly was taken three hours after the admin-

istration of the drug. This contained a fair quantity of iodid, as also

the subsequent samples up to twelve hours. In the specimens of

twenty-four and twenty-five hours there were only minute traces.

None could be discovered in twenty-seven hours or later.

It would appear therefore that the iodid, after a single administra-

tion, disappears at about the same time from the urine and chyle.

Sodium salicylate. —0.3 gram of the salicylate was administered

by mouth on April 30. The flow of chyle had become quite small

by this time so that it could not be collected by catheter. The dress-

ings were changed two and one-half and twenty-three hours after

giving the drug, and exhausted with boiling water. They failed to

give a plain salicylate reaction with ferric chlorid, either directly, or

after acidulation and extraction with ether. The urine was not

collected.

Santonin. —0.13 gram was given by mouth on May i. The fluids

were not tested for santonin itself, but for the peculiar product which

gives a red color with alkalies. The urine gave no reaction in an

hour; a slight red color in two hours, a deeper color in three hours.

The tint remained nearly uniform in the hourly samples to the end

of the seventh hour, when the collection was discontinued. The chyle

did notgrce the reaction, the gauze being changed and examined every

hour for seven hours.
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