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Die vermeiiitliche Dioxyacetoiibildung wahreud der alko-

holischen Giiriing uiid die Wirkuiig von Tierkohle uiid

von 3Iethylphenylhydrazin auf Dioxyaceton.

Von

Frances Chick.

(Aus der Biocheniisclien Abteilung des Lister Instituts, London.)

(Eingegangen am 11. Mdrz 1912.)

P. Boysen-Jensen^) behauptet die Anwesenheit von

Dioxyaceton in Kahlbaumscher Glucose nachgewiesen zu haben

und ebenso die Bildung dieser Substanz, wenn Glucose durch Hefe

vergoren wird. Die Garung wurde in Gegenwart von Natrium-

sulfat Oder Hydroxylaminchlorhydrat ausgefiihrt, um sie in dem

Dioxj^acetonstadium unterbrechen zu konnen. Man bestimmte das

Dioxyaceton, indem man der verdachtigen. von Hefe abfiltrierten

Fliissigkeit in OB^/oiger Essigsaure gelostes Methylphenyl-

hydrazin zufiigte und sie in einem hermetisch verschlossenen

GefaB bei 20° einige Tage im Brutschrank stehen lieB. Es

entstanden nach dieser Behandlung Krystalle, die abfiltriert

ausgewaschen und getrocknet wurden. Nach Extraktion mit

Alkohol wurde die alkoholische Losung verdampft und

der Riickstand als Methylphenylglycerosazon quantitativ be-

stimmt. Das erhaltene Produkt schmolz bei 127 bis 130"

und zeigte die Zusammensetung der letztgenannten Substanz.

Kahlbaumsche reine Glucose lieferte 0,22 Vo dieses Stoffes.

nach Behandlung mit Hefe 0,67%, der Unterschied ist also

wahrend der Garung hinzugekommen. Da die Dioxyaceton-

bildung wahrend des Garprozesses eine bedeutsame Stiitze fiir

die Ansicht ist, daB wir in dieser Substanz ein Zwischenprodukt

1) P. Boy sen-Jensen, Dissertation Kopenhagen 1910; Ber. d.

Deutsch. bot. Ges. 26, 666, 1908.
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(ler alkoholisfhcn CJarung von Glucose vor uns sehen. wurden

die \'ersui'lie mit engliseher, obergariger Bierhefe wiederholt.

Im Laufe dieser Untersuchungen stellte sich heraus. daB. wenn

Dioxyaeeton unter den von Jensen angegebenen Verdiinnungs-

und Tenii)eratuil)edinguiigen mit Methylphenylhydrazin be-

handelt A\ui(le. dit> Reaktion sowohl in Gegenwart als in An-

oder Abwesenlieit von Glucose niclit in normaler Weise vor sich

geht. Statt des zuerst von Neuberg beschriebenen Osazons,

eines gelben, bei 127 bis 130° schmelzenden Korpers, bildete sich

eine Verl)indung. die in biaunen oder griinen Nadeln krystalli-

sierte. Beide Formen schmolzen bei 146 bis 147" und waren

anscheinend identisch. aber ihre genaue Konstitutionsformel

und Beziehung zu dem wirklichen Osazon konnten noch nicht

dcfinitiv aufgekliiit werden.

Eine sorgfiiltigc Wiederholung von Jensens Versuchen

sowohl mit reiner wie mit vergorener Glucose fiihrte weder

zur Isolierung von Methylphenylglycerosazon noch dieses neuen

Gebildes. obgleich winzige, zu solchen Losungen gesetzte Dioxy-

acetonmengen leicht durch die Bildung von Krystallen jener

neuen Verbindung entdeckt werden konnten. Jensens Be-

hauptungen iiber das Vorkommen von Dioxyaeeton in Glucose

und seine Bildung bei Traubenzuckergarung konnten daher

nicht Ijestatigt werden.

Ferner gibt Jensen an. daB wasserige Losungen von

Dioxyaeeton. die durch Einwirkung von Wasserstofifperoxyd

auf Glycerin in Gegenwart von Eisensulfat gewonnen sind,

durch Tierkohle in Kohlensaure und Alkohol gespalten werden.

Die von Jensen erhaltenen Mengen dieser Spaltungsprodukte

waren jedoch so minimal. daB die Versuche als nicht befriedigend

angesehen werden konnen. Eine unter alien Kautelen vor-

genommene Wiederholung derselben mit reinem Dioxyaeeton

hat zu negativen Resultaten gefiihrt. Von ahnlichen MiBerfolgen

waren die Versuche von Karauschanow^) und von Euler
und Fodor^) begleitet. die Beweise fiir diese Spaltung zu er-

bringen hoftten. Ebensowenig gelang es den letztgenannten

Autoren, Dioxyaeeton in Glucose aufzufinden.

1) Karauschanow, Ber. d. Deutsch. bot. Ges. 29, 322, 1911.

2) Euler und Fodor, diese Zeitschr. 36, 401, 1911.
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Versuchsergebnisse.

1. Die Reaktion von Dioxyaceton in verdiinnter Losung niit

Metliylplienylhydrazin.

Vorversuche haben ergebeii. daB die aus sehr ver-

diinnten Losungen von Dioxyaceton liervorgehende Methyl-

phenylhydrazinverbindung von dem typischen, von Neuberg^)

beschriebenen Methylphenylosazon verschieden ist. Zu der neuen

Verbindung gelangte man wie folgt: 1 g Dioxyaceton wurde

in 400 ccm Wasser gelost und 4 g reines in 40 ccm oO^/^iger

Essigsaure gelostes Methylphenylhydrazin zugesetzt. Xach Zu-

satz von 70 ccm Eisessig zu der Mischung fiillten wir sie auf

1000 ccm in einer graduierten Stopselflasche auf und stellten

sie bei 24*' in den Brufcschrank. Xach 24 Stunden batten sich

nadelformige Krystalle in der Flasche abgeschieden. die nach 3

oder 4 Tagen abfiltriert. gewaschen und getrocknet wurden. Es

resultierten ungefalir 1 g l^raunlich gefarbte Krystalle. die bei

140° schmolzen und mit Alkohol oder Ather cine dunkelgriine

Losung ergaben. Xach zweifachem Umkrystallisieren aus

40''/(,igem Alkohol lieferten sie ungefahr 0,5 g hellgriine Xadeln

vom Schmelzpunkt 147 bis 148°. Die Krystalle waren in kaltem

Alkohol. Ather. Benzol oder Chloroform mit dunkelgriiner Farbe

leicht 15slich. in kaltem Wasser gar nicht. in heiBem sehr wenig

loslich, in heiBer verdiinnter Saure etvvas mehr. Die dabei ent-

stehende rote Losung wurde durch Alkalizugabe wieder griin.

In einem zweiten Versuche wurden statt 4 g Methyl-

phenylhydrazin fi g zugesetzt. In diesem Falle bildeten sich

2 g braune Krystalle vom Schmelzpunkt 138°. die beim "wieder-

holten Umkrystallisieren aus 40°/(,igem Alkohol 0.6 g hellgelbe

Xadeln. Schmelzpunkt 147°, ergaben. Diese Krystalle losten

sich in denselben Losungsmitteln wie die griinen. wobei jedes-

mal eine griine Farbung entstand. Wenig loslich zeigten sie

sich in heiBer. verdiinnter Saure; die rosa gefarbte Fliissigkeit

wurde nach Alkalisierung A\ieder gelb.

Der Schmelzpunkt einer Mischung von griiner und gelber

Modifikation blieb auf dem Werte 146 bis 147°. Es geht

hieraus hervor. daB hier eine neue Substanz in 2 Modifikationen

1) Neuberg, Ber. d. Deutsch. chem. Ges. 35, 960, 1902.
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vorliegt: einer griinen unci einer gelben. die gleichen Schmelz-

punkt aufweisen.

(».1023g der Substanz ergaben 0.2601 g COa- (».H01 g HoO.

0.1041 g der Substanz lieferten 18,8 ccm N (20.2°. 737.36 mm).

C= 69.4V„. H = 6.5 7o- N=20.6 7„.

Die Zalilcn fiir Dioxyacetonmethj-lphenylosazon sind:

('= 6iU«/„. H = 6.4«/„. X=19.00/„.

Die ^\•eitel•e Untersuchung dieser Substanz ist noe-h im

(.Jange.

Weitei- wuiden die Bedingungen studiert. unter A\elchen

Xeubergs Methylphenylosazon vom Schmelzpunkt 127 bis 130°

aus leinem Dioxyaceton entsteht. Xeuberg hatte aus Blei-

glycerA und Brom bereitete Glycerose bei seinen Versuchen

benutzt. Der springende Punkt dabei ist, wie wir fanden.

eiiifach die Konzentration der Losung. Wenn Mengen von 1 g

Dioxyaceton und 4 g Methylphenylhydraziii zu verschiedenen

Volumina in Gegenwart von gleich starker Essigsaure (9,6 g
auf KX) ccm) verdiinnt wurden. so bildete sich bis zu 100 ccm

k'diglicli Xeubergs Verbindung; bei 500 ccm und alien groBeren

Verdiinnungen beobachtete man nur die neue. bei 146 bis 147°

schmelzende Substanz. wahrend bei Volumina zwischen 100 und

oOO ccm die Bildung eines Gemisches beider Substauzen erfolgt.

Sowohl das verwendete Methylphenylhydrazin wie Dioxy-

aceton waren rein, ersteres ergab mit Fructose reiiies Methyl-

phenylglucosazon und letzteres mit Phenylh^'diazin reines

Glycerosazon.

2. Untersuchung von Glucose und die Produkte ilirer Hefe-

garung auf Dioxyaceton.

Die von Jensen vorgeschriebenen Versuchsbedingungen

Avurden so genau \\ie moglich innegehalten. die einzige Ab-
weichung bestand darin. daB obergarige Hefe aus einer eng-

lischen Brauerei bei uns zur Verwendung kam.

A. (Glucose allein.)

40 g Glucose von Kahlbaum wurden in 400 ccm Wasser
gelost und 2.5 g in 50 com 967^iger Essigsaure gelostes Me-
thylphenylhydrazin hinzugesetzt; die Mischung wurde auf
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500 ccm in einer graduierten Stopselflasche aufgefiillt und

14 Tage bei 24" im Brutschrank belassen. Nach Ablauf dieser

Zeit 'wurde die Losung filtriert. der Riickstand ausgew ascheii.

getrocknet. mit Ather extrahiert und der Auszug verdampft.

Es blieb ein glasiges Pulver zuriick. das 0.17 g wog und unter

dem Mikroskop keine krystallinische Struktur zeigte.

Dieser Versuch wurde mehrere Male wiederholt; in einigen

Fallen erfolgte die Losung des Methylplienylliydrazin in oO^/^iger

Essigsaure, jedoch blieb das Ergebnis all dieser Versuche

negativ.

B. (Glucose, Dioxyaceton).

In den folgenden Versuchen \\'urden kleine Mengen nach

der Bertrandschen^) Methode bereitetes Dioxyaceton den ver-

gorenen Glucoselosungen zugesetzt.

Versuch A (Glucose allein) wurde wiederholt. nur daB

vor Beginn desselben die 40 g Glucose mit 0,5 g Dioxyaceton

versetzt wurden. Hier zeigten sich nach 2 Tagen Krystalle in

der Losung. die abfiltriert. gewaschen und getrocknet 0.3 g

wogen und bei 130° schmolzen. Sie wurden aus verdiinnter

Essigsaure umkrystallisiert. wonach 0,15 g hellgriine Xadeln

mit einem Schmelzpunkt von 144° bis 145° sich abschieden.

Der Versuch wurde nochmals mit nur 0,1 g Dioxyaceton

neben 40 g Glucose ausgefiihrt; Ausbeute: 0,12 g bei 120°

schmelzende Krystalle. Ihnen haftete ein klebriger Sirup an.

immerhin war ihre krystallinische Struktur im Mikroskop klar

zu erkennen. Um diese Versuche mit Jensens iiber unvergorene

Glucose genau vergleichbar zu gestalten. fiigten wir 0.1 g Dioxy-

aceton zu den 40 g Glucose und iiberlieBen die Losung nach

Zusatz von Methylphenylhydrazin 14 Tage im Brutschrank sich

selbst. Nach diesem Zeitraum war ein Niederschlag von 0.21 g

abgeschieden. der aus denselben mit dem braunen klebrigen

Pulver vermischten Krystallen bestand. Die 1 4 tagige Aufbe-

wahrung der Losung scheint daher auf die Unreinheit des Pro-

duktes einen steigernden EinfluB zu haben.

C. Wenn Glucose unter den von Jensen angegebenen Be-

dingungen durch Hefe in Garung versetzt wurde. waren die

Resultate ganz genau dieselben wie bei reiner Glucose.

1) Bert rand, Annal. Chem. Phys. 8, 8, 246, 1904.



484 Fr. Chick:

Es koiinte keiu krvstallinisches Osazon eiitdeckt werden,

doch bildeten sich regelnialJig bei Zusatz voii kleinen Dioxy-

aeetoiiniengen (0.05 g zu 45 g Glucose) Krystalle. Mehrere Ver-

suche warden mit Xatriumsulfat oder Hydroxylamiiichlorhydrat

nach den Vorschriften von Jensen ausgefiihrt. Hier folgt die

Beschreibung eines der beweiskraftigsten

:

90 g Glucose (Kahlbauui) wurden in 900 ccm Wasser gelost,

4o0 g Na2S04 -f- I'^HgO uiid 45 g frische PreBhefe zugegeben und bei

Zimnierteniperatur 24 Stunden lang stehen gelassen. Hierauf wurde das

tieuiisch durch ein Berkefeld-Filtcr filtriert und das crhaltene klare Fil-

trat in 2 Portionen geteilt.

I. Eine Portion der Losiing wurde mit '2 g Metiiylphenylhydrazin

in 50 ccm 9«%iger Essigsiiure versetzt, auf 500 ccm aufgefiillt und in

einer graduierten Stopselflasche in einen Brutschrank bei 24** gestellt.

Nach Ablauf von 20 Tagen wurde die Losung filtriert, der Nieder-

schlagjgewaschen und getrocknet. Wie zuvor war das einzige Endpro-

dukt eine braune klebrige Masse.

II. Zu der anderen Portion der Losung wurden noch 0.1 g Dioxy-

aceton vor der Zugabe von Methylphen3-lhydrazin gefiigt, und nach

20 Tagen wurde die Losung filtriert. Einige auf dem Filter zuriick-

gebliebene Krystalle waren mit einem braunen Sirup verunreinigt

;

hiervon wurden sie auf mechanischem Wege getrennt. Sie schmolzen

bei 127". Aus 40%igem Alkohol umkrystallisiert, lieferten sie 0,05 g,

bei 144° schmelzende Verbindung.

3. Wirknng von Tierkohle anf Dioxyaceton.

7 g krystallinisehes Dioxyaceton wurden in 25 ccm Wasser

zur Losung gebracht und ^2 'Stunde bei 37" in einen Brut-

schrank gestellt. Auf diese Weise wird das in der Kalte vor-

handene dimolekulare Produkt. das durch Tierkohle nicht spalt-

bar sein soil, in die spaltbare monomolekulare Form zerlegt.

Xach Bertrand soil dies fast augenbhckhch bei 30° vor sich

gehen. Xach Zugabe von 1 g Tierkohle wurde die Fliissig-

keit mit Kohlensaure gesiittigt und der Kolben mit einem Gar-

apparat^) in Verbindung gesetzt. Es bildete sich keine Spur
von Gas. obgleich der Versuch 24 Stunden dauerte.

Bei einer Wiederholung des Versuches entwickelten sich

0.6 ccm COj. Auch eine Priifung auf Alkohol wurde aus-

gefiihrt. 1 g Dioxyaceton wurde in 100 ccm Wasser gelost

und 2 Stunden bei 37° im Brutschrank ver\\ahrt. Xach Zu-

ij Harden. Thomp.son und Young, Biochem. Journ. 5, 230,

1910.
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satz von 2 g Tierkohle blieb hierauf die Losung bei Zimmer-

temperatur 24 Stunden stehen. Nach Ablauf dieser Zeit wurde

die Tierkohle abfiltriert. die Losung destilliert, 50 ccm Destillat

aufgefangen und durch nochmalige Destination auf 30 ccm ge-

bracht. Die Dichte dieses Destillats wurde mittels eines Pykno-

meters zu 1,000 ermittelt. Zur Kontrolle wurde ein ahnlicher

Versuch ohne Zusatz von Tierkohle angestellt; audi in diesem

Falle betrug die Dichte des Destillates 1,000.

Unter diesen Bedingungen findet also keine Alkohol- und

Kohlensaurebildung aus Dioxyaceton unter Einwirkung von

Tierkohle statt.

Znsammenfassnng.

1. In verdiinnten Losungen bildet Dioxyaceton bei der

Reaktion mit Methylphenylhydrazin eine Substanz, die vom
typischen Glycerosemethylphenylosazon verschieden ist. bei 146

bis 147" schmilzt und entweder in gelben oder griinen Nadeln

erhalten wird.

2. Dioxyaceton konnte in Traubenzucker weder vor noch

nach Vergarung mit englischer obergariger Hefe unter den von

Jensen beschriebenen Bedingungen beobachtet werden.

3. Reines Dioxyaceton wird durch Tierkohle bei 37" nicht

in Alkohol und Kohlensaure gespalten.





[Eeprinfed from the Journal of Physiology,

Vol. XLIII. No. 1, 1911.]

ON THE "HEAT COAGULATION" OF PROTEINS.
PART II. THE ACTION OF HOT WATER UPON
EGG-ALBUMEN AND THE INFLUENCE OF ACID
AND SALTS UPON REACTION VELOCITY. By
HARRIETTE CHICK, D.Sc, Assistant, Lister Institute of
Preventive Medicine, and C. J. MARTIN, M.B., D.Sc, F.R.S.,

Director of the Lister Institute of Preventive Medicine.

In our first communication on this subject(i), we showed that "heat

coagulation " was a reaction between proteins and water which progressed

in an orderly manner, the reaction velocity being accelerated to

an extraordinary degree by raising the temperature or by increasing

the concentration of hydrogen-ions in the solution. In the case of

haemoglobin the reaction was found to be of the first order, but with

pure crystallized egg-albumen the rate of coagulation diminished more

quickly as the reaction progressed than could be accounted for by the

diminishing concentration of protein. How far this falling off in rate

was due to the observed simultaneous progressive diminution in acidity

as the protein left the solution, we were unable to ascertain ; we

contented ourselves with the surmise that it might be so explained,

but were unable to express the progress of the reaction by any simple

formula.

From an analysis of our results Sutherland{2) arrived at the

opinion that the data justify the conclusion that the heat coagulation

of egg-albumen is a reaction of the second order, the rate of the reaction

at any moment being proportional to the square of the concentration

of residual albumen i^^'- = kc-, or the velocity constant k= .i^ ~
c~r

where C'o and Ct represent the concentration of unchanged albumen

at the beginning and end of the time t). We could not understand

how Sutherland had obtained so constant a value for this expression

from our experimental results. We had at the time tested our experi-

mental results to see how they might accord with this interpretation,

PH. XLIII. 1
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but witli two exceptions (loc. cit. Exps. 5 and 6, Table V, p. 419) the

constant fell continuously to two-thirds or one-half of its initial value

daring the progress of the reaction. We have again calculated the

constant for the various experiments, and obtained values different from

Sutherland's, and on carefully going over his paper find that he has

assumed that the reaction was proceeding at constant temperature from

the time when the albumen solution was placed in the thermostat. This

assumption is unjustified, because by so doing the time, five to ten

minutes, taken for the solution to warm up is neglected. Only after this

has taken place can the reaction be studied. When this mistake is

rectified the figures lend no support to the interpretation that in the

case of albumen we have to deal with a reaction of the second order.

Further, Sutherland has not considered change in reaction of the

solution which is taking place all the time ; this is a disturbing factor

of sufficient magnitude to invalidate the argument.

Sutherland's secoud deduction from our observations, viz.: that,

over the range studied, the coagulation rate of egg-albumen is also

directly proportional to the concentration of hydrogen-ions (as determined

in the solution before heating), is subject to the same error, and when
this is rectified the proportionality is approximate only over a small

interval.

The average velocity, as determined from the time occupied in

reducing concentration of albumen from 6 to 3 mgs. per c.c. {loc. cit.

Tables VI and VII and Fig. 7), when plotted against concentration of

hydrogen-ion.s, gives a curve (Fig. 1) showing that the influence of initial

acidity on rate becomes progressively more marked as the former in-

creases.

For example, change in the average velocity, on altering concentra-

tion of hydrogen-ions from 25 to 50 x 10~' normal, was in the proportion

of 5*5 to 10-5 or nearly 1 to 2. In more acid solutions a greater

proportional change took place, and on increasing concentration of

hydrogen-ions from 125 to 250 x lO"^ normal, the average velocities

were increased from 28 to 84 or 1 to 3 (see Fig. 1)'.

We do not think, however, that the exact relation of reaction velocity

to hydrogen-ion concentration can be arrived at by such experiments
as those published in our previous paper. The conditions are too

1 We also have evidence that in more acid solution still (hydrogen-ion concentration
equal to 4000 x IQ-^ normal) an increase of only 15 "/^ in concentration of hydrogeu-ions
was sufficient to double the average velocity of coagulation.
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complicated. Both the concentration of protein and the concentration

of acid are changing all the time as the separation of protein from the

solution takes with it acid or what amounts to the same thing possibly

sets free abase. All we can claim for these experiments is that they

show changes in acidity, in the region where concentration of hydrogen-

ions is equal to 10~^ normal to 10"'' normal, to exert a very potent

influence upon the reaction rate, which accounts for the old established

observation that increase of acidity lowers the "coagulation temperature"

of protein solutions.

Fig. 1. Kelation between average velocity of egg-albumen coagulation (in 1 "/^ solution)

and concentration of hydrogen-ions in the solution.

Ordinates = concentration of hydrogen-ions in terms of normality ( x 10^).

Abscissae = average velocity of coagulation in mgs. per c.c.

Heat coagulation of egg-albumen a reaction of the first order when

precautions are taken to maintain concentraiion of hydrogen-ions

constant.

Enough has been said to show that it is hopeless to attempt to

ascertain the nature of the reaction between hot water and egg-albumen

unless the concentration of hydrogen-ions can be maintained constant

during the observations.

Our first endeavour to arrive at such constancy was to introduce as

much as possible of a weakly ionised acid, such as butyric acid, in the

1—2
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hope that the amount of acid withdrawn during coagulation would not

materially diminish the concentration of hydrogen-ions, in other words

that the large un-ionised fraction would act as a reservoir of hydrogen-

ions. Accordingly an experiment was arranged in which coagulation

took place in a concentration of butyric acid equal to jV^^^ normal.

The method of experiment in this and all the subsequent experiments

in this paper was exactly similar to that described in our previous paper(i),

p. 408. The material used was a solution of pui'e crystallized egg-

albumen prepared according to the method of Hopkins and Pinkus(3)

and recrystallized. The 1 "/o solution of albumen here employed con-

tained 0*26 "/o of ammonium sulphate. The details of the experiment

are given in Table I.

TABLE I, Coagtilation of a 1 "/o solution of crystalline egg-albumen at

56"2° C. in presence of excess of butyric acid ; initial hydrogen-ion

concentration = 10~*'^' normal (4070 x 10"^ N), concentration at 20 minutes

= 10-^-^^ (3370 X 10-^ N) 7tormal.

Time, Amount Weight of Eesidual
minutes, of filtrate coagulum, albumen, mgs. ^ n n ^ r<\*= t analysed, c.c. gms. perc.c. = C ^ZT^^^ '^~ ^^ '

Control — 10-100 —
8=:f(, 11-2

101 14-6

12 18-3

15 19-2

20 50

0623 5 -563 = Co —
0554 3-795 -0790

0513 2-803 -0742

0363 1-891 -0669

0634 1-268 -0535

* The values of this expression are in this and other cases calculated with Briggs'

logarithms in place of natural logarithms.

The experiment was only partially successful for the concentration

of hydrogen-ions was reduced by about 15 "/o during the progress of the

reaction, falling from 4070 x 10~^ normal at the moment of commencing
turbidity, to 3370 x 10~' normal after twenty minutes had elapsed and
most of the protein had been precipitated. We therefore tried to

ensure constancy of acidity by working in a saturated solution of a
very weak acid in presence of undissolved acid. For this purpose we
chose boracic acid, which, even at a temperature of 50° C, at which
temperature about a 9 "/o solution is obtained, does not give rise to a

concentration of hydrogen-ions too high for our purpose. In a saturated

solution at 51" C, the temperature at which the experiment was made,
the concentration of hydrogen-ions is rather less than N/1000, (lO^^-^

normal or 80 x 10~^ normal).
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Precautions were taken to purify the boracic acid used by re-

crystalli5;ation. Excess of the crystals was added to a 1*5
"/o solution

of albumen, warmed up slowly to about 49° C. When the tube containing

the solution was placed in the bath at 51° C. a small further excess was

added, with the object of supplying a reservoir as the acid was removed.

Under these circumstances five minutes was found adequate for the

tube and contents to take the temperature of the bath. From time

to time samples were removed, cooled, filtered and the residual con-

centration of albumen determined in the ordinary way.

TABLE II. Coagulation oj" a 1'5 "/„ solution of crystalline egg-alhumen

a.t 51 'l" C. in presence of saturated boracic acid; concentration of

hydrogen-ions co7istant throughout, —IQ"'-^-^ normal (8000 x 10~' N)\

-^(logCo-logC)

•0075

•0072

•0076

•0071

The details are given in Table II. In the fifth column are given

values of the velocity constant, calculated on ttie assumption that

coagulation-rate is proportional only to the protein concentration. A
veity constant value is obtained, showing that this assumption is true

and can be demonstrated if precautions are taken to prevent alteration

in concentration of acid. The same result is shown in Fig. 2, where

logarithms of concentration of protein as ordinates are plotted against

time as abscissae, and the experimental points are seen to lie on a

straight line.

The value of this velocity constant in other experiments where no

effort was made to keep acidity constant {he. cit. Tables II and V),

decreased during the course of the reaction to from 1/2 to 1/7 of

its original value. In the experiment with excess of un-ionised butyric

acid the decrease in the value of the constant (calculated in the same

way) fell to 067 of its original value (last column of Table I). The

relative change in concentration of hydrogen-ions during this experiment

^ By matching the tint with methyl-orange given by a saturated sokition of boracic

acid at 51° C. with that given by a citrate mixture, according to the method of SorensenW.

Time,
ninutes,

= t
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was small, but it occurred at au acidity where small changes in reaction

have a very large effect upon coagulation rate.

We therefore conclude that, when freed from disturbance

consequent on changing acidity, coagulation of egg-albumen,

as we had found to be the case with haemoglobin, proceeds as

a reaction of the first order, coagulation rate at any moment
being proportional to concentration of protein.

10

08

06

04

02 L

o

10 25 50 7S

Fig. 2. Coagulation of egg-albumen in presence of saturated boracic acid at .51-1° C.

Ordinates= lo?io (concentration of residual albumen in mgs. per c.c).

Abscissae= time in minutes.

On the jirogressive change of acidity which occurs during coagulaiion.

The following experiments were undertaken with the view of

elucidating the more usual and complex case of egg-albumen coagulation

where no precautions are taken to maintain a constant reaction through-

out the process. The diminution in concentration of hydrogen-ions

which takes place during coagulation was studied by measurements

made after successive intervals of time during the process, and the

corresponding concentration of residual albumen was also ascertained.

The details of two such experiments, 1 and 2, are given in Tables

III and IV, Exp. 1 made at 687° C. with an initial acidity of 135 x 10"^

normal, Exp. 2 at 71° C. in the presence of a concentration of .sodium
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chloride equal to normal and an initial acidity of 45 x 10~^ normal.

Both solutions contained 0-26 "/o ammonium sulphate^

In both experiments free acid was progressively removed from the

solution together with the protein. The coagulation of unit weight of

protein does not remove quite the same amount of free acid throughout

the experiment, but a less amount as coagulation proceeds. This might

have been anticipated from observations in our previous paper(i), (p. 427)

in which the amount of acid fixed by coagulation of one gram of protein

varied from 0'5 x 10"'^ to 459 x 10"'^ equivalents, when the initial free

acid in the solution was changed from 1 x 10~^ to 8590 x 10~' x normal.

A chance relationship between residual protein and hydrogen-ion

concentration emerges from an analysis of the data given in Tables III

and IV. If these be plotted one against the other, the points fall upon

a straight line or very shallow curve, so that over the small range of

acidity of these two experiments the two are nearly proportional.

Further, within a portion of the range of acidity of most of our

experiments on reaction-rate, an approximate proportionality also exists

between velocity of reaction and concentration of hydrogen-ions, as may

be seen from Fig. 1 above, in which the portion of the curve between

the ordinates 10~^ and 10"'' x normal is, within the error of experiment,

linear.

These two results explain the fact that coagulation of egg-albumen,

without compensation for varying acidity, may occasionally approximate

to a reaction of the second order, see column 6, Tables III and IV. This

is, however, merely coincidental for, as we have shown above, the velocity

of reaction uncomplicated by changes in acidity is simply proportional

to protein concentration.

This spurious relation of rate to square of protein-concentration is

due to the facts to which attention has just been drawn, that, over a

certain range of acidity, rate of reaction is nearly proportional to

hydrogen-ion concentration, which in its turn is roughly proportional

1 When the very slight acidity (IQ-^ to 10"'' x N) obtaining in these experiments is

taken into account, an error is apparent owing to neutralisation of an appreciable amount

of the acid by the soluble alkali contained in the glass vessel in which the coagulation was

carried out. A control experiment was made at 71= C. with a similar glass tube containing

a solution of corresponding low acidity (33 x 10"^ x N), but containing no protein, and this

was shown to be the case, the acidity being reduced to 11-2 x lO"' N. Most of the decrease,

however, (to 14-5 x 10-' N) took place during the first 10 minutes, and since in experiments

1 and 2, Tables III and IV, the determinations of concentration of acidity and protein

began only after 10 minutes had elapsed, the error is not very great. It would, however,

have been better if the experiments had been carried out in quartz vessels.
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to the concentration of protein remaining. Under these conditions, a

reaction of the first order simulates one in which the reaction velocity

at any moment is proportional to the square of the protein concen-

tration, because owing to the nearly linear relationships happening to

obtain between concentration of protein and hydrogen-ions on the one

hand, and hydrogen-ions and reaction-velocity on the other, it is as if

the concentration of protein affected the rate of reaction twice over.

In the two experiments under consideration the value of the

constant k= \c~ c~i
' where (7„ = the initial concentration of protein,

and G the concentration after time t, falls off only slightly as the

reaction proceeds. In most of the experiments set out in our previous

TABLE III. Exp. I. Progressive change in acidify during coagulation

of a 1 "/(, solution of crystalline egg-albumen at 68 "7° C

a

10= (o

14

20

37
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paper(i), (Tables II and V), the constaut decreased in value to a much
greater extent.

In some cases in presence of more concentrated salts, (see Table VIII,

p. 19), a very perfect agreement happened to be maintained and

coagulation proceeded in extraordinary agreement with the progress of

a reaction of the second order.

The union of egg-albumen with acid (1) in the cold, and

(2) on coagulation by hot water.

It is an old observation that when protein is added to acid a

diminution of acidity and of conductivity takes place, and that the

solutions become still less acid after coagulation by heat has occurred.

Details of some observations upon this subject and some fresh experi-

ments made by ourselves were given in our previous paper {loc. cit.

Tables VII and IX). These experiments we have endeavoured to

complete in the present instance.

(1) Fixation of acid by egg-albumen in the cold. That proteins

form compounds with acids and bases was pointed out as long ago as

1866 by Platner(5), since when the reaction between proteins and

acids has been studied by a variety of methods. As this only in-

directly concerns us, and as the literature has recently been collected

by Brailsford Robertson(6), it is unnecessary to refer to it in detail.

The observations of Bugarszky and LiebermannO and Moore

and Bigland(8) on the equilibrium of proteins with acid, however, call

for mention as they bear directly upon the point under consideration,

Bugarszky and Liebermann determined, by means of the concentra-

tion cell, the fall in acidity when varying quantities of protein were

added to 0'05 N . HCl. Moore and Bigland placed a definite amount

of protein solution and acid in a dialyser surrounded by a known

volume of water and titrated the acid in the water outside the mem-

brane after a sufficient time had elapsed for equilibrium. Both sets of

observers found that the amount of acid taken up by protein varies

with the concentration of free acid, but it is to be regretted that in

neither case were the experiments made with pure proteins. These

experiments show that the acid combined reaches a maximum above

which practically no more is taken up.

The amount of acid fixed in the cold by a constant weight of pure

egg-albumen in concentration of hydrogen-ions from 1 to 250 x 10"''

normal was incidentally determined by us in our previous experiraents(i)
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(p. 423). These observations have now been extended nearly to the

point where the protein begins to suffer attack by the acid. Measured

amounts of standard H0SO4 were added to a fixed quantity of a 1 "/o

solution of pure crystallized egg-albumen ; water was added to make

each solution up to a constant volume, and about two hours allowed for

equilibrium to be reached.

Following the method of Bugarszky and Liebermann, the actual

free acid was deduced from the observed concentration of hydrogen-ions

in the solution, as determined electrically by means of a hydrogen

concentration cell. The method was exactly the same as that already

described in detail (i) (p. 422). As H2SO4 is not completely ionised in

the strengths with which we were working, we had to calculate the con-

centrations of free H...SO4 from our determinations of the hydrogen-ions

present. For this purpose we took the values for the dissociation of this

acid in different strengths arrived at by Kohlrausch^ from conductivity

experiments. We plotted dissociated acid obtained from Kohlrausch's

determinations against total concentration of acid and drew a smoothed

curve. From the curve we read off the concentration of \ H2SO4

corresponding to the particular hydrogen-ion concentration required.

The results of the experiments are given in Table V and graphically

represented in Fig. 3, where equivalents of acid fixed per gram protein

(x 10^) are plotted against the final concentration of acid (x 10^). The

amount of acid combined rises rapidly at first, then more slowly, and

from the curve, is apparently approaching its maximum in a concentra-

tion of 0-03 normal \ H0SO4.

From the tables given by Bugarszky and Liebermann the HCl

fixed per gram of mixed egg-white proteins in equilibrium with different

concentrations of free acid can be obtained. These values do not

coincide with our own for equivalents of H2SO4 and pure egg-albumen

but are considerably less-. The general form of the curve obtained by

plotting these values is, however, the same.

The reversibility of this action between protein and acid was

demonstrated by Moore and Bigland(8) (p. 40), and confirmed in the

present instance. Two experiments were made (Nos. 9 and 10) to

correspond to Experiments 5 and 6 in Table V ; the solutions were

made up to contain twice the concentration of acid and twice the

concentration of protein that was present in the earlier experiments.

^ Landolt, Bornsteiu and Mej-erhoffer. Physikal.-chem. Tabellen, No. 229 &

Berlin, 1905.

- H2SO4 probably combines to some extent as E-NH2HSO4.
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After contact for two hours, the solutions were both diluted twice with

distilled Avater, so that they then became identical in every respect with

the solutions of Experiments 5 and 6. The final concentration of

hydrogen-ions was then measured in solutions 9a and 10a, and agreed

very nearly in each case with that of the corresponding previous

Experiments 5 and 6. This showed that the absorption of acid in the

2 7o solution was reversible and that readjustment took place on

dilution.

Fig. 3. Fixation of acid (H._,S04) by 0-95 7„ solution of egg-albumen at room temperature.

Ordinates = equivalents of acid fixed per 0-95 gram protein ( x 10-*).

Abscissae = final concentration of acid in terms of normality ( x 10').

(2) Further fixation of acid on coagulation. Earlier observations

on the diminution of the acidity of protein solutions on coagulation

were referred to in our previous paper, where (p. 427) we also recorded

the amount of free acid fixed in our own experiments by one gram of egg-

albumen in solutions containing varying concentration of hydrogen-ions.

Recently Sorensen and JurgensenO) have also made similar measure-

ments, and further shown that starting with amounts of acid giving the

same hydrogen-ion concentration, the fall in concentration of hydrogen-

ions is less with a weak than with a strong acid. The smaller fall in

hydrogen-ion concentration in the case of the weaker acid might have

been expected, as the un-ionised fraction serves as a reservoir.
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TABLE V. Fixation of acid hy crystallised egg-albumen (095 "/„ solution)

at room temperature.

Total volume in each case = 52-5 c.c.

la
1

2

3

4

5

6

9

9«

10

10 a

ZC as

zl-a

50

50

50

50

50

50

50

§1o
(0-lc.c.N/lAmOH)

0-1

0-2

0-5

10
2-5

<i^ u S P ®

^ 3 •? Sh tn c

o ^ K =« a '

.2 O S 0. ^

£ W J i .2 ^

a.9 >;

2 o fl

o

1-905

3-81

9-52

19-05

47-62

2 7o
2-0

solution

50

Exp. 9, diluted twice with

distilled water

50 5-0

Exp. 10, diluted twice with
distilled water

38-10

19-05

95-25

47-62

S'-S 3 2'^ ci S
o i3 i^ X

•00094 N
-0154

•071

•195

2-04

6^78

22-50

11-12

6-55

38-91

22-81

rS cu CO o

•071

•195

213
7-86

30-66

13-55

7-55

5-80

31 16

•3 a

-183

•361

•739

1^119

1^696

1^150

1-646

In their single experiment bearing on this point, which appears to

have been made with undialysed egg-white solution, they found the

total acid neutralised per gram of protein was approximately the same

when they started with such amounts of hydrochloric, lactic and acetic

acid.s as to afford the same hydrogen-ion concentration (loc. cit. Table XII,

p. 427). We have not obtained this result with pure egg-albumen, but

as was found to be the case in our earlier experiments, the amount of

acid which disappears per gram of egg-albumen coagulated is primarily

a function of the hydrogen-ion concentration.

A comparison of Exps. 1 and 2, and 3 and 4 in Table VI below shows

that the amount removed is dependent upon hydrogen-ion concentra-

tion whether the particular acid be a strong or a weak one. With a

concentration of hydrogen-ions equal to about 10~*"i normal the amount

withdrawn was greater with acetic than with hydrochloric acid, with

a concentration equal to about lO"-*" normal the reverse was true, but

^ From Kohlrausch's determinations of conductivitj', Landolt, Bornstein and

Meyerhof fer. Fhijsikal.-chem. Tabellen, No. 2-29 b. Berhn, 1905.
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it will be seen that whereas the removal of the acid in the ease of

hydrochloric produced a considerable fall in acidity, in the case of acetic

this effect was much less.

TABLE VI. Disappearance of acid added, and alteration in hydrogen-ion

concentration on coagulation of a 1-25
°/o solution of egg-albumen

containing 0*36 "/^ NaoS04 and jji-eviousli/ acidified with hydrochloric and

acetic acid respectively.

TSOo i«s'o3og.3 -S-S^; Concentration of H+ ions § '^' ^
'^^ Z a^ '^ S"'^'i "S Ti S = in terms of normality _ '-3 "S v

^ ? -^ -S -a o s ^ .5 I
a -a o- D S-3-5-2 .9-^^ l£3^ S^^^S s f "f .s "

-

^-^.".-a ^.2|g^p| -1^1 :|.||.s^ III III I

^ I ^-^o^ sill gill ijll jiiil |iJ pii
1 HCl 3 0-2 0-22 lO-^-i" normal 10-*-"i normal -0036

(6oOxlO-"N) (195xlO-'N)

2 „ 13-65 2-78 0-87 IQ-^-si „ lO"--" „ -041

(24600 X 10-7 N) (19500 x IQ-^N)

3 C2H4O2 13-65 9-12 0-36 lO-^-^s „ IQ-^-^s „ _
(892 X 10-7 N) (590 x 10-^ N)

4 „ 997-1 990-6 0-52 IQ-^-ss „ iQ-s-ss „ _
(23400 X 10-7 N) (2-2500 x IQ-^ N)

Interpretation of the fixation of acid on coagulation.

The amphoteric character of proteins was explained by Erail

Fischer by their polypeptide constitution. As complex amino-acids

they form salts with acids and alkalies, the acid joining on to the NHj
group with change of the valency of nitrogen from triad to pentad, and

the base displacing the H in the carboxyl. The salts with acids

hydrolyse in water so that they are only stable in the presence of a

small excess of acid. A further source of acidity is the dissociation of

the hydrogen of the carboxyl group.

When a protein salt with an acid, e.g. HCl, is dissolved in water

a certain amount of the acid is split off by hydrolysis until equilibrium

is attained. If such solution be dialysed the free acid passes through

the membrane and a further hydrolysis occurs. In time the whole of

1 These amounts were calculated from the determinations of H+ ion concentration,

which in the case of HCl are proportional to the concentration of acid.
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the HCl is removed and a chlorine-free solution is obtained which

possesses a faint acidity, approximately 10~^ normal which apparently

represents the electrolytic dissociation of the protein.

If such a solution be heated to a sufficient extent to precipitate the

egg-albumen, pari passu with the separation of the protein, the acidity,

as we have shown above, diminishes.

The disappearance of this small amount of acidity could be ade-

quately explained on the supposition of electrolytic dissociation of the

protein, for in this case the removal of the protein would also remove

the hydrogen-ions. This explanation is the one adopted by Sore n sen

and JurgensenO) to explain their observation that if to the originally

alkaline egg white solution HGl be added until the acidity equals that

of a concentration of hydrogen -ions of about 10~^ N and then coagulation

takes place, the acidity diminishes, but, nevertheless, the whole of the

chlorine is found in the filtrate. They conclude from' this that the HCl
added to arrive at the iso-electric point was entirely occupied in the

neuft-alisation of some base contained in the originally alkaline egg white

solution, and none was available to form hydrochloride with the amino-

group of the albumen. If their supposition were correct the solution

would contain only the hydrogen salt of the protein, and chlorine

combined with some base originally attached to the protein. In such

a solution the whole acidity might, as they point out, be due to the

electrolytic dissociation of the protein which is behaving as a weak acid.

We tried to repeat these experiments of Sorensen and Jiirgensen

and to extend them so as to include the case of more acid solutions

where salt formation between protein and acid undoubtedly exists.

This seemed to us important because from their results it might be

inferred that in the coagulation of solutions containing salts of proteids

with acids the latter did not leave the solution with the precipitated

protein. We found, however, that a solution of purified crystals of egg-

albumen which has been dialysed until it is free of Am2S04 does not

form a precipitate on heating in the presence of HCl. Precipitation

occurs, however, if neutral salts are added, but the amount of a

chloride which is necessary to effect agglutination makes the total

chlorides to be estimated in the filtrate so great that the determination

of any loss of chlorine by the fixation of HCl is rendered uncertain.

A very small addition of a sulphate of sodium, potassium or ammonium
is able to bring about complete separation of the heated protein in a
particulate form. In the presence of 0-014 N . HCl and OSQ "/o NagSO,
we found that although acid disappeared on coagulation the whole or
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nearly the whole of the chlorine remained in the filtrate. On subse-

quent experimentation we ascertained, however, that a corresponding

quantity of SO4 had combined with the coagulum. We therefore had

recourse to H2SO4 for acidifying the solution of egg-albumen crystals

and a small quantity of Na2S04 was added to facilitate separation of

the coagulum. Only a small amount of this salt is required because

SO4 assists the agglutination of denaturated egg-albumen much more

powerfully than CI.

In the following experiment, the precise details of which are set out

in Table VII, 500 c.c. of 1 "/o egg-albumen was made up, containing an

amount of acid which, in the absence of protein, would have made the

solution equal to O'Oo N (^ H2SO4). It also contained about O'l "/o of

Na2S04. The Avhole was placed in a Jena flask and heated with a

reflux condenser in a bath of boiling water for 30 minutes. At the end

of that time it was cooled down and filtered with precautions to avoid

evaporation. Portions of the filtrate were taken for the estimation of

total acid by titration with J^th N. NaOH and phenolphthalein as

indicator, and for the gravimetric determination of total sulphates.

TABLE VII. Showing that the 2y^otein-acid-salt formed on addition of

H2SO4 to a solution of pure crystalline egg-albumen is precijntated as

such on coagulation by hot water.

:252;|2 d'z^s S2;^s s^'Ca'S-S. £z

§i«i,-§ gsgcig ^So-^ig §S§I§-

t) OJ

6£?

§§«i,-§ gs^-g ^^6^^ gs§5§-3S.s
iiw§i g«i'si Ifl^s'^ §i|i|i«§>
<! < H <)

o
»^ ^ I—

I

o o
05

a ^o
a! O " -2 § a

r«-

>T3 -

C.r
^ ^«^«_ ^.^^^_ ^.„^,«^ ^^^^^^„„ ^.S^>^ H'^- fg

I'/oSol. 20 14-26 34-26 9-64 25-36 1-04 0-89

egg-alb.

From Table VII it will be seen that 1 gram of egg-albumen on coagu-

lation in 1 "/o solution had removed O'OOIOS equivalent of acid and about

10 Vo less of SO4.

It is clear, therefore, that on coagulation of egg-albumen in

more acid solutions the bulk of the acid leaves the solution

with the protein. In other words the salt is precipitated as

such.

The want of agreement between disappearance of acid and sulphate

indicates that some base other than protein has combined with a
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portion of the acid. The possibility of a trace of ammonia or di-amino-

acid being split off during coagulation was considered, but excluded as

the filtrate was found to be nitrogen-free. The only other sources from

which a base could be derived are the ash of the protein and alkali from

the glass of the vessel in which the protein solution Avas heated. The

ash in our solution of protein was only O'OOIG gr, per gram of egg-

albumen ; this, even if all composed of MgO or CaO, is a little short of

the amount required for combination with the small excess of SO4 found

in the filtrate. On the other hand it is unlikely that such an amount

of alkali could be dissolved out of the glass of a Jena flask during

30 minutes' heating at 100" C.

We propose to ascertain for certain whether the small amount of ash

contained in our egg-albumen is indeed removed by boiling in this con-

centration of acid.

Another explanation of the loss of acidity on coagulation is that CO., is driven off by

the heating. This view, which was formulated by Michaelis and RonaC") is quite

ina^quate to explain the large amount of acid disappearing from the more acid solutions

of pure egg-albumen we employed, and the progressive nature of the disappearance, for it

must be remembered that we were working with crystallized egg-albumen and not with

diluted serum or egg-white. Moreover, in detei-mining the hydrogen-ion concentration

hydrogen was passed through the cell until a constant reading was obtained whereby COo

would be displaced. It is not possible to work with serum proteins in such acid solution

as we employed with egg-albumen, owing to failure of agglutination, but there is little

doubt that our results could be applied to serum proteids.

Sorensen and Jiirgensen C) (p. 424) have also replied to this theory of Michaelis

and Rona by showing that a diminution in hydrogen-ion concentration took place in

solutions of egg-white and blood-serum where all carbon-dioxide had been previously

driven off by passing through a continuous stream of hydrogen iu strongly acid solutions.

They also showed that no extra carbon-dioxide was produced during coagulation.

Our conclusions regarding the relation of acid and protein during

heat coagulation of pure crystalline egg-albumen may be summarised

as follows.

(1) The amount of acid combined as protein-acid-salts, when acid

is added to a solution of protein, depends on the concentration of free

acid. Conversely, these salts undergo hydrolysis which accounts for the

free acid always present in such solution : e.g. with HCl.

Prot. - HCl ±1^ Prot. -f H + -f CI
-

(2) On treatment by hot water the protein-acid-salts are pre-

cipitated as such ; the percentage of acid combined with them being

dependent on the acidity of the solution at the time of coagulation.

(3) The interaction between egg-albumen and hot water, if acidity

be kept constant, proceeds as a reaction of the first order.



HEAT COAGULATION OF PROTEINS. 17

(4) The velocity of the reaction is conditioned by the acidity

(hydrogen-ion concentration) of the solution.

(5) Unless precautions be taken to maintain the acidity of the

solution at a constant level, the concentration of free acid progressively

diminishes as the protein is precipitated.

(6) The conclusions embodied in (3), (4) and (5) explain why under

ordinary circumstances the reaction between egg-albumen and hot water

appears to be of a more complicated nature.

(7) From (2) combined with (4), it appears that the original protein

is acted upon by hot water less readily than protein-acid-salts, and further

that these salts suffer attack at a rate which is dependent upon the

amount of acid they contain ^ If this is so, a satisfactory explanation of

the progressive diminution of acidity during coagulation is forthcoming,

as the separation from the solution of protein-acid-salt will disturb the

equilibrium between hydrolysed and unhydrolysed salt. Some portion

of the free acid and free protein will therefore combine. This pheno-

menon will be progressive.

Effect of salts upon the velocity of " heat coagulation " of jwoteins.

The effect of salts upon " coagulation temperature " has been studied

by K. V. Starke(ii), Haycraft and Duggan(i2), Osborne and

Campbell(i3), Joh. Starke(i4), Pauli and Handovskyds) and others.

All these workers found that the temperature at which precipitation

was first observed was raised with increasing concentration of salts.

A higher " coagulation temperature " is, as was shown in our previous

paper, an indication of the diminution of "coagulation-rate" at constant

temperature.

In our experiments we studied coagulation-rate by the same method

as before. Solutions containing 1 "/o of albumen were made by dilution

from a stock solution of egg-albumen crystals. The stock albumen

.solution contained AmoS04 so that the 1 "/o solution of egg-albumen

had in addition to protein 0-26 Vo of the salt. It was not found necessary

to get rid of this small amount of Am.SOi by dialysis. The rate of

coagulation at 709° C. was measured in the control solution and also in

similar solutions containing in addition various quantities of sodium

chloride and extra ammonium sulphate. In the case of the stronger

salt solutions the time necessary for the experiments was so long that

precautions had to be taken to avoid errois due to evaporation of the

1 A possible catalytic influence of the hydrogen-ions cannot be excluded.

PH. XLIII. 2
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protein solution. This was successfully done by using a rubber cork

and by filling a mixture of vaseline and paraffin wax into the glass

bearing in the cork through which the stirrer passed. Under these

conditions the loss of water was negligible.

The coagulation-rate was measured upto a concentration of three times

normal (equivalents) in the case of ammonium sulphate and of sodium

chloride. It was not possible to work with higher concentrations of salt

as the rate of coagulation became too slow to study conveniently at

OO'.i

Fig. 4. Effect of addition of salt, NaCl and Ara.^S04, in various concentrations, upon
coagulation rate of 1 "/„ solution of egg-albumen at 70-9° C.

— •— Experiments with NaCl. —o— Experiments with Am2S04.
Ordinates^ concentration of residual albumen in mgrs. per c.c.

Absciss£e — time in minutes.

70-9" C, the temperature of experiment. The details of our results are

set forth in Table VIII below and are also graphically represented

in Fig. 4, where the concentration of residual albumen in the different

experiments has been plotted against time.

It will be seen that the presence of salts greatly diminishes coagula-

tion-rate. From the smoothed curves it appears that in a concentration

of NaCl equal to normal the rate is only -^i\\, and in twice normal



TABLE VIII. Coagulation oj 1 7,, solution ofpure crystalline egg-albicmen,

with original salt content (= 0*26 "/o AnioSOj) and after addition o/ISraCl

a7id Am._,S04 in varying concentration at 70-9° C.

lO

Coutrol

NaCl

NaCl

NaCl

NaCl

.2 a

01 N

2N

3N

Am^S04 1-03 N

Ain..SO, 2-03 N

H
10

12
16-17

20
30 = ^

< ^

8-7

14

20
20
50

^ 6C

•0455

•0622

•0630

•0492

0742 = C,.

5-231

4-443

3-150
2-460

1-484

1

C
•191

•225

•318

•407

-675

8 AmoS04 3-03 N

•0-242

•0250

-0258

-0268
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only Jjth of that in the control. The effect of AmoS04 was somewhat

less. This effect of salts is not due to any influence on the second phase

of coagulation, viz. the separation of the altered protein in the particulate

form, because in the sam2Dles drawn this was completed so that all filtered

quickly and well, affording clear filtrates in which no further precipitation

occurred.

In the last column of Table VIII are given the values of

1

Un Cj '

where Cn the final concentration and C the concentration after time t

has elapsed. Although the values show a satisfactory constancy, for

reasons stated above, we

consider this approxima-

tion to a reaction of the

second order (the re-

action velocity at any

moment being propor-

tional to the square of

the concentration of

residual protein at that

moment) is a mere co-

incidence. This coin-

cidence has, however,

proved convenient, as it

enables the effect of salts

to be quantitatively ex-

pressed by comparing

the velocity constants

characteristic of each

experiment.

When we plotted the

logarithms of the ve-

locity constants obtained

for different concentra-

tions of the same salt

against the reciprocal of

the concentrations of salt, between the limits and twice normal, the

points were very nearly in a straight line (Fig. 5), showing that as

I 2 5

Fig. i). Kelation between the concentration of salt and

the coagulation-rate as measured by the velocity

constant.

Experiments with NaCl • ; experiments with Am2S04 o.

Ordinates= logarithmsjo (velocity constant x KP).

Abscissae = concentration of salt in terms of normality.

1 See footnote to Table YIII.
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the concentration of salt in the solution is increased arithmetically the

velocity of coagulation diminished geometrically.

This relation, speculations as to the significance of which appear

below, is maintained up to a concentration of twice normal NaCl and

Am2S04, but the observation with three times normal salt indicates that

with stronger solution the effect of NaCl and Am^SOj becomes slightly

less and slightly more^ potent respectively.

This great retardation of the rate of denaturation by neutral salts

becomes of practical significance in the estimation of proteins by the

method of Devotode). Two hours' heating on a water bath at 100° C.

does not complete the process in the presence of .saturated AniaSOj.

The efficacy of Hopkins' (17) modification is due to the subsequent

heating in dilute salt solution. The difficulty can also be gut over by

heating for 5 minutes at 110° C. in an autoclave.

The effect of the addition of neutral salts upon the hydi'ogen-iun

concentration of j^rotein solutions. It occurred to us that the effect

of neutral salts in slowing reaction-rate might be, in whole or in part,

due to change in the hydrogen-ion concentration of the protein solutions.

We, therefore, determined by the electrical method the concentration

of hydrogen-ions in our egg-albumen solution, and the same made up

to contain a concentration of NaCl varying between yijth normal and

twice normal. The results are given in Table IX, and show that

acidity is indeed progressively lowered with each increase in concen-

tration of salt. The addition of an amount of salt to make the

TABLE IX. Effect of addition of various amounts of NaCl upon

hydrogen-ion concentration and coagulation velocity of 1 °/o egg-albumen

solution at 70 '9° C,

Concentration
of NaCl in terms

of normality
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solution = X/10 had no appreciable effect, but in normal solution of

NaCl the hydrogen-ion concentration was less than 1/2, and in twice

normal solution was l/7th of that of the control solution to which no

salt had been added. The most obvious explanation of this action is

that in presence of sufficient amount of salt the hydrolysis of the

protein-acid-salt is hindered.

This effect of salt in lesseniug the aci'Uty of solutious contaiuiug protein is inconsistent

with the conclusions of other observers, derived from indirect methods of measuring

hydrogen-ion concentration. Pauli and Handovsky C^), using indicators, found that

adding salts to an acidified solution of ox-serum resulted in an increased acidity.

Hardy ('") found the same result with salt and "acid albumen."'

These observers appear to have been misled by their indicators. Pauli and Han-

dov sky's estimations of acidity were made by comparison of the colour given with

indicators, such as methyl-orange and alizarine. The colour of indicators, particularly

that of methjl-orange, has since been shown by SorensenW (p. 240) to be modified by

the presence of any considerable amount of protein. Michaelis and RonaC-") have

found that the tint of an indicator in a solution having a particular hydrogen-ion con-

cent^tiou may also be influenced by the presence of salts, although the amount of

hydrogen-ions as determined by the concentration cell remains constant. Different

indicators are affected in different directions. With some, the addition of salt induced an

apparently more alkaline reaction, e.g. litmus, with others a more acid reaction, e.g.

methyl-orange and alizarine. The latter are the two indicators iised by Pauli and

Haudovsky and Hardy in their experiments.

We have repeated the experiments with the protein materials employed by these

observers, using methyl-orange as an indicator, and obtained the same results as they did,

that is to say, the change of colour invariably indicated increase in acidity.

However, in every case where direct measurement of hydrogen-ions was made, the

solutions were found to be made more alkaline by the addition of sodium chloride ; this

was true of experiments made over a wide range of acidity, viz. from 10~i-'' normal to

10-4-08 normal, or 189000 x lO"" normal to 832 x lO"' normal, roughly between N/100 and

N/10,000. These results are set forth in Table X,

Having ascertained that the addition of neutral salts to a slightly

acid solution of protein produced a quite considerable diminution in

acidity, it occurred to us that the fall in reaction-rate produced by salts

might not be a direct effect of salts per se but be indirectly brought

about through the diminution in hydrogen-ion concentration occasioned

by their presence. We were somewhat strengthened in this opinion

by the fact that we had previously discovered that within certain limits

there exists a similar logarithmic relation, but in the inverse sense,

between acid added to a protein solution and velocity of coagulation. If

the logarithms of the average velocity in three experiments detailed in

our previous paper (u) Table VI, see also Table XI below), made with a

protein solution after addition of different amounts of acid per gi-am

protein, be plotted against acid added, they fall upon a line, indicating
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that as the acid varies arithmetically the velocity of reaction varies

geometrically.

From a comparison of Tables IX and XI, however, it is seen that

the diminution in acidity caused by the addition of NaCl is insufficient

to account for the whole effect of the salt in lessening coagulation

velocity. We were able to arrive at this conclusion because in the

experiments set forth in Table XI a decrease in hydrogen-ion con-

centration from 10~='^ X normal to 10~'" x normal, caused by addition

of alkali, the coagulation-rate (average velocity) was reduced to |ths.

In one of our experiments with salt (Table IX) an almost precisely

TABLE X. Effect of addition of NaCl to a concentration of 1 "/o upon the

reaction of solutions containing various proteins, previously acidified

with various acids.

Material

Egg-white, diluted 1 in 32,

boiled ; 5 c.c. diluted to

8 c.c. by addition of water,

acid, etc.

Horse-serum, dialysed, di-

luted 1 in 25 ; 25 c.c. di-

luted to 50 c.c. by addition

of water, etc.
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similar reduction in acidity (hydrogen-ion concentration reduced froiii

]^Q-5.3o
y^ normal to 10~^'"-' x normal) was caused by increasing the

concentration of sodium chloride from normal to twice normal ; in this

instance, however, the velocity constant was reduced to nearly j^^th of

its value.

It follows, therefore, that a retardation of reaction by neutral salts

is produced in two ways :

(1) To a small extent by lowerhig the hydrogen-ion concentration

of the acid protein solution.

(2) To a large extent by some direct influence of strong salt

solutions.

This effect is cumulative. If a particular addition of salt slows the

rate by - , by a further addition of an equal amount the rate is reduced

by
I,-

'

The tendency for the alteration of coagulation-rate of protein on

ad#ition of salt or acid to assume a logarithmic relationship to the

salt or acid added is rather striking. It has been suggested to us by

Mr W. B. Hardy that, assuming rate of reaction to be a function of

total surface of particles of protein, such an effect would be produced

if additions of salt and acid were to consistently increase and diminish

respectively the mean size of the molecular aggregates, whereby the

total reacting surface of the protein would be diminished logarithmically

in the case of salt, and increased logarithmically in the case of acid. A
similar explanation is suggested to explain the greatly enhanced effect

of temperature upon the coagulation velocity of proteins (see below).

Effect of the presence of Am2S04 on the temperature coefficient

of the reaction between egg-albumen and hot water.

In our previous paper we showed that the temperature coefficient of

the reaction called heat coagulation was, both in the case of hsRmoglobin

and egg-albumen, an extraordinarily high one, viz. IS times per 1° C.

with the former and TDl per 1" C. \vith the latter. In the presence of

a concentration of Am2S04 equal to twice normal the effect of temperature

upon rate of reaction of egg-albumen appears from a comparison of the

two experiments detailed in Table XII to be considerably less, viz. 1-57

per 1" C. At present it is not clear what the significance of these high

temperature coefficients is, or how the presence of salt modifies them.

It has been suggested that the phenomenon may be related to some
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change in the state of aggregation of the particles with rise of tem-

perature, whereby the extent of the reacting surfaces is greatly increased,

in addition to the usual increase in molecule energy.

TABLE XII. Effect of temperature upon coagulation velociti/ of egg-

albumen in 1 °/q solution in presence of a concentration of AraoS04

equal to twice (2 03 x) normal.

Tempera-
ture, °C.
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circumstances in which this phenomenon is complete, is very much lower :

about 2 to 2*5 for 10° C. rise in temperature or I'lO for 1° C.

(3) The effect of salt supports the above conclusion, for whereas

we find that the addition of sodium chloride and other salts facilitates

the separation of the " denaturated " egg-albumen in a particulate form,

it has beeu shown above to greatly delay the rate of coagulation as

studied by us.

We therefore conclude that agglutination-rate is here much in

excess of denaturation-rate, and that the velocity of the latter is the

limiting factor of the complete process in all our experiments.

Summary and Conclusions.

1. " Heat coagulation " of egg-albumen consists of two processes,

viz.

(1) the reaction between the protein and hot water ("denaturation"),

and^

(2) the separation of the altered protein in a particulate form

(agglutination).

In the experiments which form the basis of the present and previous

communications, it was always arranged that the rate at which (2)

occurred was greatly in excess of that of (1). Accordingly, in our study

of "heat coagulation" and the influence of various factors upon the

rate of the reaction, we are merely concerned with (1), as this is the

limiting factor in tlie process.

2. The action of hot water on egg-albumen, which constitutes the

first stage in " heat coagulation," is, if means be taken to prevent

change in acidity during the process, a reaction of the first order. The
same was previously found to be true for haemoglobin.

3. During the process, as the protein is precipitated, free acid is

progressively removed from the solution. The consequent progressive

diminution in the acidity of the solution accounts for the fact that the

reaction appeared to be of a more complicated character.

4. Further experiments on the fixation of acid by pure egg-

albumen in the cold, showing the relation of amount of acid fixed to

the acidity of the solution and the reversibility of the process are

presented.

5. The extra amount of acid fixed by egg-albumen on coagulation

and its dependence (1) upon the total concentration of acid and (2) upon
acidity (hydrogen-ion concentration) has been determined.
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6. The disappearance of the small additional amount of acid on

coagulation is explained as follows : coagulation disturbs the equilibrium

between hydrolysed and unhydrolysed protein-salt since the unhydroljsed

salt is acted upon by hot water and precipitated much more rapidly

than the protein itself. This disturbance of equilibrium is adjusted by

a corresponding diminution in the concentration of the products of

hydrolysis, i.e. a combination of the protein with free acid. In this way
the free acid progressively disappears.

7. The effect on coagulation-rate of the presence of salts (NaCl
and Am2S04) up to a concentration of three times normal has been

studied and shown to greatly lower the rate of reaction.

8. Up to a concentration of salt equal to twice normal the effect

on coagulation-rate varies geometrically as the additions of salt are

varied arithmetically.

9. The addition of neutral salts to an acid protein solution disturbs

the equilibrium between protein and acid so that less free acid is

present. The influence of salts in lowering coagulation-rate may be

to some extent thus explained, but the major part of the effect must
be due to some direct influence of the salts upon the .system.

(1

(2

(3

(4

(5

(6

(7

(8

(9:

(lo;

(11

(12

Journ

(13
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(15

(16

(17

(18

(19
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THE BACTERICIDAL ACTION OF THE CRESOLS

AND ALLIED BODIES AND THE BEST

MEANS OF EMPLOYING THEM.

The investigation described in the following report was
undertaken at the request of the Therapeutic Committee of

the British Medical Association.

In this investigation the germicidal powers of the various
membei'S of the phenolic class of substances have been compared
and the effect upon germicidal power of the introduction of

different chemical groupings into their molecules have been
studied.

As many of these phenols are very feebly soluble in water, it

is necessary to use them in the emulsified form. Accordingly a
comparison of the efficiencies of the various emulsificants has
been made.
The value of the emulsified disinfectants as germicides has

been determined when diluted with water and also under a
condition frequently met with in practice, namely, the pre-

sence of particulate organic matter which is known to have
such a detrimental effect upon their germicidal efficiencies.

Certain other questions of importance in practice have also

been considered such as the toxicity, irritating properties

and alkalinity of the disinfectants, and also the cost of their

preparation in relation to their germicidal powers.

I.

—

The Experimental Methods Employed for the
Determination of Germicidal Power,

The principle of these methods is that of Rideal and
Walker's (1903, Journ. of the Roy. San. Inst., Vol. XXIV.,
p. 424) and consists in the comparison of the concentra-

tion of the disinfectant under examination with the concen-
tration of pure phenol in water required to kill certain

micro-organisms in a certain time under standard conditions

defined below. The ratio of these two concentrations is called

the carbolic acid co-efficient, and this is taken as the measure
of germicidal elficiency.

Method (i.) was the modification of the Rideal- Walker
method, introduced by Chick and Martin {Journal of
Hyf/iene, Vol. VIII., No. 5, November, 1908), the essential

modification being the introduction of an arbitrary time
during which the disinfectant was allowed to act. In this

[271/12]



test germicidal efficiency was determined in the absence of

organic matter.
The culture-medium used was a mixture consisting, pei

litre, of Brand's Meat Juice 10 c.c, salt 5 gms.,

peptone 10 gms., glucose 10 gms. The mi.xture was
heated and filtered, and the acidity of the filtrate

determined bj' titrating a portion with .standard sodium
h^-droxide. The medium had a standard acidity of +6 to +7,
according to Eyre's notation.

Litmus was then added until the medium had a sufficiently

blue tint. The addition of litmus facilitated the detection

of growths of the organisms used, which formed acid from
the glucose. The culture medium was sterilised by steaming
on three successive days.
The germicidal powers of the various preparations were

determined upon 2-t-hour cultures of B. typhosus and
Staphylococcus pyogenes aureus grown at 37" C. and ob
tained by inoculating 6 c.c. of broth with a standard loopful
of material removed from a stock agar culture which was
grown at room-temperature (16° 20° C.).

In the actual determination of germicidal power the fol-

lowing experimental conditions were kept constant :

—

(a) The temperature of disinfection = 20° C.

(b) The time during which the disinfectants were per-

mitted to act = 15 minutes.
(c) The volume of the disinfecting fluid = 5 c.c.

(d) The number of organisms introduced = 5 drops of a
24-hours culture from a standard pipette delivering a drop
"02 c.c. in volume.

All apparatus—test-tubes, pipettes and flasks—and the dis-

tilled water used for diluting the disinfectants being pre-

viously sterilised, a series of test-tubes, some containing
5 c.c. of various concentrations of pure phenol and others
the same volume of various concentrations of the disinfec-

tants under examination, was placed in a water bath at
20° C. The tubes having taken the temperature of the
bath they were inoculated at one-minute intervals with
5 drops of the culture frcm the standard pipette and well
shaken. When fifteen minutes had elapsed since the first

tube had been inoculated, by means of a platinum loop of
standard size (holding a drop of water 004 gms. in weight)
two loopfuls of the disinfecting fluid were introduced into
each of two glucose broth tubes containing 10 c.c. of broth.
This process of sub-culturing was repeated at intervals of one
minute from each of the remaining dilution tubes in succession,
so tliat samples were removed in each case after the disinfect-

ants in varying concentration had acted upon the germs for
exactly fifteen minutes.
The sub-culture tubes were incubated at 37° C. and kept

under observation for four days. The results of the incuba-
tion (the presence or absence of growth) were referred to the
corresponding dilution tubes and indicated that certain con-
centrations of the disinfectants had killed the germs in
fifteen minuter while others had not.

The carbolic acid co-efficient was obtained by dividing the
mean of the smallest concentration of the disinfectant that
killed the organisms in fifteen minutes and the largest that
failed to do so into the mean of the corresponding concen-
trations of pure phenol.
Method (ii.) was similar to (i.) in technique, except that
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particulate organic matter in the form of a 3 per cent.* sus-
pension of finely powdered dried fajecs was introduced into
the dilution tubes.

The pai-ticulate matter consists largely of bacteria, cellu-
lose, fat, and other bodies extractable with ether. When
faeces are introduced into a disinfectant fluid the tar acids
are absorbed by the particles of organic matter, so that a
considerable portion is put out of action.

As already stated, the standard time chosen during which
the disinfectants were allowed to act was fifteen minutes. In
practice, however, it may be of importance to know the
germicidal power of a disinfectant when permitted to act in
a shorter time such as two minutes.
In the following experiments the effect of time upon thfe

germicidal etficiencj' of ])henol and two coal-tar disinfectants—^
T and Y, in Table XII. containing respectively tar-acid
fractions No. 4 and No. 10 emulsified with castor-oil soap—has
been studied. Com[)arisons were made after 2 minutes' and
after 15 minutes' disinfection, using B. typhosus and Staphy-
lococcus pyogenes aureus. In all other respects the tests were
carried out in accordance with the standard method described
above.

The following results were obtained :

—

Tablk I.

Disinfectant.



from tar between 170"—230° C. is called carbolic oU and
consists ohieriy of carbolic acid and naphthalene, but it also

contains ore.sols aaid sonue hiigiher .honiologues of pheinol.

The phenols are extract-ed fironi tihe mixture by means of

caustic 6oda; the separated alkali solution is decomposed
with ac^id, and cirude carbolic acid eepara-tes as an oil. Crude
carbolic acid contains besides cai'boHc atiid cresols and
higiher phenole. Pui-e carbolic acid caoi be 6epara.ted by
distillation, and the residue, also called crude carbolic acid,

containing little phenol, but consisting chiefly of oresols, Las

been used as a disinfectant. Its germicidal propertieis are

dealt with in this chaptejr.

The tar fraction distilling between 230^—270° C. is called

creosote oil and contains c>a.rbolic acid, cresole, the hdgiier

plhenole and hydrocarbons, such as naphthalene and anthra-

cene. TJie phenols are separated from the hydrocarbons by
extraction with alkali ; the alkali extract is decomposed with
acid and the mixture of jhsnols that separates as an oil is

called crude mixture of tar acids. Its germicidal power in

tJi.e emulsified etate is dealt wnith in Chapter IV. By the
fractional distillation of this mixture of tar acids the con-

fitjtuent Dihenols can be separated to some extent. Between
180°—182° C. carbolic acid distils over ; the tar acids boiling

between 190°—200" C. are chiefly cresols; and the various
fractions boiling at higiher temperatures contain the xylenols

and other higher homologues of phenol. The germicidal
powers of these fractions emulsified with soap are described in

Chapter IV.
Thj'inol is also a homologue of phenol, namely, 3 methyl

—

6-isopropyl-phenol. It is a white solid obtained from Oil of

Thyme by extraction with alkali and precipitation from the
extract with acid.

A. The solubilities of the phenols.

A saturated solution of phenol in water at room tempera-
tures contains 7^ per cent, of phenol ; the three isomeric
cre&ol'S do not form aqueous solutions above 1"25 per cent.

;

while tihvmol is so feebly soluble thjat its sat^urated solution

is I in 1,500. The other homologues of phenol and cresol are

also very feebly soluble in water. The cresols and higher
tar acids are, therefore, usually employed in the form of

fine emulsion produced by mea.ns of soaps, glue, and gum.

B. 7'he (jermicidal jiuwer of tft-e cresols and of thymol in

aqueous solution.

Frankel (1889, Zeitschr. f. Hygiene, Vol. VI., p. .521)

showed that the superiority in gennicida.l power of crude
carbolic acid over pure phenol was due to the presence of the
Ihomologues of phenol. He found by means of experiments
with anthrax spores that thte puire ortho, meta, and para
cresols possessed gernmcidal power consriderably greater than
that of phenol.

Henle (1889, Archiv f. Hygiene, Vol. IX., p. 188) shewed
that oreolin contained cresols and their higher homologues
and that both creolin and the cresols possessed a greater
germicidal power than phenol upon B. typhosus and Staphy-
lococcus pyogenes aureus. He found that the germicidal
powers of the cresols varied with their boiling-points, meta-
cresol with the highesr, lioiling iwiiit being the most efficient

and the ortho-compound with the lowest being the least

efficient of the three isomers. He also showed that the phenols



isolated from creolin exceedeti the cresols in germicidal power.
This was due to an admixture of some high boiling-jjoint

phenols with the cresols in creolin.

BLyrtih and Goodba.n (1907, May, Anaiyst) have shown
by experiments with B. coli that the three isomeric cresols

einu-1'Sified with soap poeeeseed practically the same germdcidal
power, which was 2'1 timee as great as that of phenol also
emulsified with soap.

Rapp (1909, Desinfektion, Heft. 12. 2. December) shewed
that the presence of such substances as pyridin and anthracene
associat'Cd with the cresols in coal-tar decreased the germicidal
powers of the latter substances. He also shewed that the
cresols were more eifective germicides when emulsified with
linseed oil soap and palmitic acid soap than when emulsified
with the soaps of oleic and stearic acids. The addition of

resin-soap he found increased the germicidal powers of

sajxjnified cresols.

Jalan de la Croix (Archiv f. exp. Path., January 20,
1881) found that on an average 1 in 1,000 thymol inhibited
the growth of bacteria, but 1 pe.r cent, solutions were nec-es-

sary to kill them.

Ratimoff (Biedermann's Centralblatt, Vol. XIV., p. 360)
considered thymol a strong germicide, and placed it fourth in

his list of disinfectants arranged according to potency (mercuric
chloride, silver nitrate, iodine, thymol). Robert, Kohler, and
Stern have used thymol to preserve vaccine lymph.

The germicidal powers of the cresok and tJiymol were first

determined in aqueous solution with B. typhosus and Staphy-
lococcus pyogenes aureus.

(I.) In the ahseiice of orcfanic mniter.

The results are expressed as carbolic co-efficients in the
following table :

—

Table II.

Organism. Germicide. Carbolic Co-efficitiU,

B. feyphosus. Ortho-cresol.

2-6

Meta-uresol.

OH

/V^oc,
2-6

Ht ^^ cn





11 to 13 in 1,000 phenol was required to kill the same organism
in the same time in the presence of the organic matter. The
depressing effect of particulate organic matter upon the car-

bolic coetRcient of cresylic acid therefore meant that the
bactericidal action of cresylic acid was a little more decreased
by the organic matter than was that of phenol.

C.

—

The germicidal powers of the emulsified cresols and
thymol.

(I.) a. In absence of organic matter, b. In presence of 3 per
cent of dried faeces.

(i.) 77te advantages of employing the cresols in the
suspended state.—{a) As hae already been pointed out, the
limited solubility of the cresols in water prevents their

aqueous solutions from always being serviceable as disinfec-

tant fluids. Stronger solutions in water than 125 per cent, at
ordinary temperatures cannot be obtained, and often stronger

solutions are required in practice. Recourse must therefore

be had to the method of obtaining permanent suspensions of

the cresols in other media. For this pui^pose a soap is very
convenient and has for a long time been employed in the
preparation of coal-tar disinfectants. By warming cresylic

acid with soft soap until all the soap has dissolved, a dark-
coloured fluid is obtained which is freely miscible with water
with no separation of cresols, so that much stronger
concentrations of cresols can be obtained in this way than by
dissolving them in water alone.

—

(h) The same concentration

of bactericidal substance may have a greater germicidal power
when emulsified than when dissolved, as was shown by Chick
and Martin [Journal of Hygiene, Vol. VIII. No. 5, November,
1908] and by Massey [Journal of Hygiene, Vol. IX., No. 3,

November, 1909]. This advantage, however, only applies to

higher concentrations of the cresol-soap, because in tlie case of

concentrations below 1 "25 per cent, that are used in investi-

gating the bactericidal power of the cresols with the moderately
resistant organisms—B typhosus and Staphylococcus—the
cresol is completely in solution and is no longer suspended in

the soap solution. In higher concentrations part of the cresol

is emulsified and part is in solution and the bactericidal
superiority of an emulsified disinfectant must come into opera-
tion. This advantage in using emulsified cresol is therefore

not made evident when only moderately resistant organisms
are used,

(c) Thai; the soap present exerts a small bactericidal action
and thus intensifies that of the cresol.

{d) That the method of suspension does not destroy the
transparency of the diluted preparations.

(ii.) 7'Ae best methods of preparing cresol emidsions.—[a)

The first method that gave good results was that employed for

making up the Liquor cresoli saponatus of the German,
Japanese, and the Swedish Pharmacopoeias, and the same
preparation, official in Belgium and Switzerland, called Cre-
solum saponatum. Equal weights of the cresols and B.P.
soft soap were wanned toffether until all the soap had dis-

solved. A reddish-brown fluid resulted which was completely
miscible with water, yielding clear dilutions.
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Preparations were made according to this methotl of pure com-
mercial cresylic acid, of the fractions of tar acids from creosote-
oil, that came over in the neighbourhood of the boiling-points of
the cresols (Fractions I., II., III., 193°-205'' C), and also of
crude carbolic acid.

The bactericidal powers of these five preparations upon
Staphylococcus pyogenes aureus and B. typhosus were de-
termined in the presence and absence of faeces. The results
are set forth in the table on paga 8.

The fractions boiling at the temperatures indicated in
table III. contained the cresols as the principal constituents.
They all yielded when warmed Mith an equal weight of soft
soap a reddish-brown homogeneous fluid completely miscible
with water and giving clear dilutions with distilled water, but
slightly turbid ones with tap-water, owing to the precipitation
of some of the soap by calcium and magnesium salts. The
preparations made from pure cresylic acid and these fractions
possessed practically' the same carbolic coefficient. Their
bactericidal power was not influenced by the presence of a
3 per cent, suspension of faeces to a much greater extent than
that of phenol.

The germicidal efficiency of the Liquor cresoli saponatus
prepared with crude carbolic acid was considerably less than
that of the same prepared with the tar-acid dietdlates con-
sisting almost entirely of cresols and boiling from 193°-205° C.

(b.) Another cresol suspension that was worked with was
the Liquor creeolis compoeitus of the United States Pharma-
copoeia. The formula of this preparation is thus : Cresylic

Acid, 50 ; Linseed Oil, 35 ; Potassium Hydroxide, 8 ; Water
to make up to 100 by weight. This mixture was gently
warmed and a brown fluid resulted. Complete saponification

of the fat, however, was not effected, so that on dilution there

was a great separation of fat.

The carbolic co-efficient of this preparation determined with
Staphylococcus pyogenes aureus and in the absence of organic

matter was "8. Its bactericidal power was therefore less than

that of carbolic acid. The carbolic acid coefficient of the

cresylic acid used in making this preparation was 2 '2 in

aqueous solution with Staphylococcus and in absence of

organic matter, so that, since the preparation contained 50 per

cent, cresylic acid, its carbolic acid coefficient should have been

a little over I'l, as the soap would exert a small bactericidal

action.

There was quite a measurable difference between '8 and I'l

and the reason for this falling-short in bactericidal power was
discovered in the fact that the preparation contained an excese

of fat in consequence of incomplete saponification. When
diluted with water a milky fluid was formed due to tho

presence of fat globules. The cresols are extrernely soluble in

fats so that the active substances were partitioned between

water and fat and a considerable portion was thus put out of

action.

(c.) The difficulty of effecting the complete saponification

of linseed oil led to experimenls with the next cheapest oil,

CAstor oil. It was found that the bleached and filtered

castor oil of commerce, costing 9d. per lb. , was very readily

saponifiabl in the presence of tar-acids.
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Disinfectant fluids were tirst of all prepared with castor oil

acconling to the formula above used in the case of linseed oil,

but it was found practicable to alter the formula by reducing

the proportion of oil and still obtain equally good emulsions.

The formula tinally adopted was the following :

—

Cresols 50

Castor Oil 20

Caustic Potash 5

Water 5, all by weight.

Preparations were made with crude carbolic acid and
the fraction III. of tar acids, boiling from 202*5°-205" C.

The other two fractione (consisting almost entirely of cresols)

boiling at 193°-199-5° C. and 199-5°-202-5° C. could, of course,

be substituted for fraction III. if desired.

The ca-stor oil and tar acid in the above proportions were
well mixed and heated together in the water bath ; the alkali

was then dissolved in the water and the solution, being
already hot owing to the heat of solution of the potash, was
added to the hot mixture of tar acid and fat. Heating in

the water bath was continued until the saponification of the

fat was complete, this stage being reached when there was no
longer a fatty scum produced when a drop of the mixture
was diluted with water.

The products were dark-coloured, translucent, homogeneous
fluids that gave beautifully clear dilutions with distilled

water and somewhat turbid ones with tap-water.

The modification in the formula? of these preparations,

consisting in the reduction of the proportion of fat, had the

following advantages :

—

{i.) The final preparations possessed a higher tar-acid con-

tent and a consequent higher germicidal efficiency,

(ii.) The dilutions with tap-water were much less turbid

than those of the preparations containing the excess of castor-

oil soap.

(iii.) The cost of production of the preparations was less.

The results of the determination of their germicidal powers
are given in Table IV. on page 11.

From these results the following conclusions can be made :

1. That the germicidal powers of the cresol castor-oil soap
preparations were not severely depreciated by the presence of

3 per cent, suspensions of faeces.

2. That the preparations made with crude carbolic acid

were less efficient than those containing the cresol fractions.

3. That on comparing the germicidal efficiencies of the

castor-oil soap preparations with those of the corresponding
soft-soap preparations (Table III.) it is found that the
foimer are the superior germicides owing to their higher
content of tar acid (622 per cent, as against 50 per cent,

tar acids).
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(d) The use of alkali-resin ai emidsificant.

The resin used was common amber. The formula for the
preparation was the following :

—

Tar-acid ... 50

Resin ... 25

Potash ... 6

Water ... 5 by weight.

The tar-acid and resin were heated together on the water-bath
until all the resin had dissolved. The potash dissolved in the
water was then added and the mixture well stirred and heated
until a drop of the mixture gave a milky dilution with water
with no separation of tar-acid. Disinfectant-fluids were pre-
pared according to this formula with crude carbolic-acid and
one of the cresol-fractions (No. III.) of the tar-acids. They
were dark-coloured, homogeneous, somewhat viscous fluids

which gave milky dilutions with both distilled and tap-water,
in this differing from the corresponding preparations made
with soft-soap and castor-oil soap.

The bactericidal powers of these preparations were deter-
mined and the experimental results are given in Table V. on
page 12.

From these results the following conclusions may be
drawn

:

(i.) The presence of a 3% suspension of frecos depreciated

to a certain extent the germicidal value of the cresols

emulsified with resin soap.

(ii.) The germicidal power of the preparation containing
crude carbolic-acid was less than that of the preparation
contaniing one of the cresol-fractions of the tar-acids.

(iii. ) As indicated in the comparative table ''page 12), the
cresols preparations emulsifiecl with resin soap and con-

taining 58% of tar-acid were generally a little weaker in

germicidal power than the castor oil soap preparations
containing 62 "5% of tar-acid :

—

Table VI,
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(iv.) A comparison of the germicidal powers of the

cresols emulsitied with resiii soaps with those of the cresols

emulsified with soft soap (Table III. ) shows that the resin-

preparations M-ere the superior germicides owing to the

higher content of tar-acid.

This is indicated in the following comparative table :

—

Tablk VII.

Disinfectant.

Carbolic Co-efficients.

Staphylococcus.

In the
absence
of faeces.

Crude carbolic acid, emulsitled

with an equal amount of soft j.

soap. )

Crude carbolic acid, emulsified

with resin according to this

formula.—
Crude carbolic acid .. 60
Eesin 25

Potaih 6
Water 6

All by weight.

Tar-acid Fraction III. (cresols),

emulsilied with an equal
amount of soft soap. )

Tar-acid Fraction III. (cresols),

eniulsifled with resin according
to this formula:

—

Tar-acid .. ..50
Besin 25

Potash fi

Water 5

All by weight.

1-4

30

B. Typhosus.

In the i
In the

presence < absence
of fa;ces. of fa2ces.

1-4

13

17 3-6

In the
presence
of frecos.

1-8

{iii.) A comparison of the (jermieidal properties of cresol in aqueous

solutions and in xotip-snspension.

The results of the comparative experiments are set forth

below :

—

Tablk VIII.

Nature of Cresol and
and niedium of solution

or suspension.
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By suspending the cresols with soap there results a slight
increase in their germicidal power. This is not to be attributed
to the condition of emulsitication of the cresols in the soap
because at the concentrations (5 in l(X)O) used in determining
the carbolic-acid co-efficients the cresols would be in true
solution. The increased germicidal power is probably due to
the germicidal properties of the soft-soap present.

(iv) The germicidal jyroperties of emvMJied thymol.

The high germicidal power of thymol in aqueous solution
has already been jwinted out, but its limited solubility in

water is a practical disadvantage.
Although thymol is official in the British Pharmacop.-eia,

there is no official soap emulsion of it. Experiments were
therefore carried out to produce such a preparation. The best
method of emulsification consisted in heating 50 parts of

thj'mol with 20 parts of castor oil and saponifying the latter

with a solution of 5 parts of potash dissolved in five of water.
The product was a dark-coloured homogeneous fluid which

gave a white stable emulsion of thymol with water.
The gei-micidal properties of this preparation were examined

and the results are tabulated below :

—

Table IX.

B..vr„,... 1
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The orgnnism used was Staphylococcus pj'Ogenes aureus.

The results are set torth below :—

Table X,
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To obtain these substances in a form suitable for germicidal
purposes is of importance because according to Bechhold and
Ehrlich's work they are not extreme!}' poisonous to the higher
animals. For example, the fatal dose by subcutaneous injection

for mice of tetra-brom-ortho-cresol is 0.44 gms. for 1000 gms.
bod 3' weight.
Some experiments have also been carried out with a view to

the emulsitication of brom-benzene

—

HC

EC

(Jli

a liquid very insoluble in water. Unliive phenol and cresol,

however, it does not dissolve soft-soap or castor-oil soap l>ut

forms with them yellow j)astes of a non-homogeneous character.

These pastes mix with M-ater, forming white emulsions which
are ver^' unstable. No determinations of germicidal po^\er

have been made.

III.

—

The Bactericidal Powers of the Di-oxy and Tri-oxy

Bexzeni:s and of Quixone.

(i.) The di-oxy-beiizenes.

There are three isomeric di-oxy-benzenes which may be
regarde<l as derived from phenol by the replacement of a
hydrogen atom in the benzene nucleus by the hydroxyl (O H)
group. The constitutions of the substances are as follows :

—

Resorcinol
(Meta-di-oxy-benzene)

CH

HCj/''^^*^C(OH)

C(OH)

'CH

Pyrocatechol
(Ortho-di-oxy-benzene)

CH

Hc/'^XjC(OH)

CH

Hydroquinone
(Para-di-oxy-benzene)

C(OH)

HC ""'''^N^CH

HGNw ^X'CH
C(OH)

These substances are white solids which are readily soluble

in water.

Their solubilities at 15°c are given below :

—

(Saturated solutions) Resorcinol 4 parts in 3 parts of water
Pyrocatechol 1 part in 3.2 ,, ,, ,,

Hydroquinone 1 part in 17 ,, ,, ,.
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Callias ("Ueber das Rcsorcin," Wurtzburg, 1880) showed
that resorcinol possessed considerable restraining power upon
the growth of micro-organisms. A 1 per cent, solution was able

to preserve many animal fluids and a 2 per cent, solution

prevented milk becoming sour.

Duggan (Anier. Chem. Jour., Vol. VII., p. 62) has compared
the inhibiting powers of these di-oxy-benzenes V)}- fletermining

the amounts required to prevent the development of B. subtilis

in beef-peptone.
His results are expressed in the following table, the in-

hibiting power of phenol being taken as the standard :

—

Substance. Inhibiting co-cfflcicnt.

Phenol 1

Pyroca-tecliol 1

Resorcinol 1'25

Hydroquinone 1'50

The iinlhibiting powers of phenol and pyrocatechol were thus
equal and were somewhat less than the inhibiting power of

resorcinol, which in turn was less than that of hydroquinone.
The germicidal powers of these substances have been deter-

mined with B. typhosus in absence of organic matter. Their
carbolic co-efficients are tabulated below :

—

Substance Carbolic co-efflcient.

Resorcinol "3

Pyrocatechol "5

Hydroquinone I'O

The introduction of a second hj'droxyl group into the phenol
molecule was thus accompanied by a considerable decrease in

germicidal power, except in the case of hydroquinone the

carbolic co-efhcient of which was the same as that of phenol.

(ii.) The Tri-oxy benzenes.

There are three isomeric tri-oxy-benzenes, namely :

—

1.2.3. Tri-oxy-benzene, (Pyrogallol) C (OH)

HC r-'^'^^l C(on)

HC LJ c (OH)

CH

1.3.5. Tri-oxy-ljenzene, (Phloroglucin) C(OH

HC ^ \. CH

(OH) C L J C (OH)

CH

1.2.4. Tri-oxy-benzene,(Oxyhydroquinone) C(OH)

HC j'^"''^. C(OH)

HC L J CH

C(OH)

These three compounds are veiy readily soluble in water.
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Bovet {" Revue d'hygiene," 1879. p. lo4) found that 2%
solutions of pyrogallol inhibited the growth of bacteria and
moulds while 3% "killed bacteria. Duggan (I.e. ) compared its

inhibitino- power with the inhibiting powers of phenol and diox}^-

benzenes and found that pyrogallol was feebler than an}- of these

compounds.
The germicidal powers of pyrogallol and phloroglucin were

determined with B. typhosus, and their carbolic co-efficients

are given below :

—

Substance. Carbolic co-cfficicnts.

Pyrogallol '77

Phloroglucin under '35

These two tri-oxy-benzenes wore therefore weaker than

phenol in germicidal efficiency.

The results with the di-oxy and tri-oxy-benzenes lead us

to a conclusion of practical importance, namely, that high

germicidal power is not to be sought in fhenols containing

numerous hydroxyl groups.

(iii. ) The germicidal power of Quinone.

Thalhimer and Palmer in the Journal of Infectious

Diseases, Vol. IX., 1911, pp. 172-189, have shown th:it

quinone, which has the following constitution and which

o

is an oxidation product of manj' benzene derivatives, considerably

exceeiled phenol and cresols in germicidal power. They found

that with B. typhosus it had a carbolic co-efficient of about 84.

Quinone forms addition-products with many phenols. Pheno-

quinone—the addition compound of quinone and carbolic acid

Ve H4 o, 2 Cg H5 H—was al.so found to possess a high

germicidal efficiency which was less, however, than that of

quinone itself.

Some experimenits have bee.n made to compare the germi-

cidal power of quinone witJh that of phenol and of a.n aliphatic

ketone, such as acetone, CHj.CO.CHj, using Stapliylococcu.s

pyogenes aureus. The results are tabulated below :

—

Substance. Carbolic coefficient,

Quinone 10

Acetone Under 075

The germicidal power of quinone upon Staphylococcus was
therefore much greater than tijat of plie.nol, while the

germicidal power of acetone was insignificant.

Quinone and many of its derivatives are not freely soluble

in water, and it would, therefore, be of practical import-

ance to prepare some fluid derivatives and emulsify them.

B 2
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Qixinonc dissolves readily in crude carbolic acid, forming
presumably a compound with tho crcsols. Ou warming soft-soap

with this combination the soap dissolves, but the fluid product is

decomposed by water with the formation of a black precipitate.

Its germicidal power has not been determiaed.

IV. The Bactericidal Action of the Higher Tar-Acids.

A (/.) In the absence of organic matter,

(ii.) In the presence of 3 per cent, dried ftcces.

The higher tar-acids used wtre various fractions of tar-acids

derived fi-om creosote-oil boiling from 2it5''-2y6°G. Preparations

of these were made according to the formula used in the preparation

of Liquor cresolis saponatus [5U percent. Fi action; 50 per cent.

Soft-soap ; the mixture being warmed until all the soap had
dissolved]. Reddish-brown flLuds wei'e in this way obtained which
were miscible with water giving milky Huids. 'L'he miikiness of

tliese dilutions is due to tlie fact Uiat the additiion. of water
to tlie soap-suspensions of the highea' taa'-acids eau&es a
separation of the tar-acids in a fime emulsion. A 1 per cent,

dilution of the soap-suspension of Fraction IV. boiling

between 205° and 209° C, however, was clear, but a 2'5 per
ccmt. dilution waa milky. This was probably due to the
high cresol-content and low xylenol content, of the prepara-
tion, the particles of insoluble tair-acid becoming so sc;uoe
in the 1 per cent, diliitioji that the miikiness disappeared.
The carbolic acid coefficients of thiese prepaiutions were

determined with Staphylococcus pyogenes aureus both in

the absence and in the presence of particulate oi'ganic matter
It is seen that the carbolic-acid coefficients rise as the boiling
points of the tar-aeids rise. This fact is taken advantage
of Ln various pa-opriotary preipanations. It is due not only
to the fact that the bactericidal powers of the members of
tlie j^lienol series increase witili tJbeir mdeoulair weigiJits but
also to the intensifying effect of emuilsaficataon upon bacteri-
cidal power. Chick and Martin (Journal of Hygiene,
Vol._ VIII., No. 5, Nov.. 1908) sihowed that the increased
efficiency of a germicide in the .emiulsified foiTn was caused
by an appropriation of the paa-tioles of the ta.r-acjds by the
bacteria. Tbis appropriation was demonetrated by mixing
a suspension of bacteoiia and an eimulsion of tar-acids
togetlier and after allowing to stand for a short timie cen-
tiifuging. The bacteria carried dowji a large amount of the
tar-.acids, while there was vea-y little settlement wlhen tlie

tar-acid emulsion alone was centrifuged. By suitably ar-

I'angimg the propoi-tions of tar-acids and bacteria '

tJie emul-
sion compl^etely lost its opacity.

In consequence of this adsorption of the particles of tar-

a.Mds by the bacteria the latter mnst rapidly become sur-

rounded by a much greater concentration of disinfectant

than that which exists thii-oughout the liquid, and by this

local accumulation of bactericide the efficiency is greatly in-

creased. Particulate organic matter also removes phenols and
cresols from their aqueous solutions, but the extent of absorption
is verj' much less than that which goes on i n the case of emulsions,
and tihis explains the superiority of emulsified disinfectaints as

bactericides. This effect of emulsification was not noticeable
in the case of eoap-suispenisioius of the lower tar-acids such
as the cresols because at ithe dilutions used in determining
bactericidal power the cresol had passed entirely into
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aqueous (solution. THiis insolubility of tihie liigher tar-acida

thus enables tlhe bactericidal test to give a truea* vaJue for

the disinfacting-power of theii- soap-suspensions.

We have seen that the presence of particulate organic

matter (3 per cent, faeces suspension) had very little influence

upon the bactericidal power of Liquor cresoli saponatus. With
analogous preparations of the higher tar-acids this was not

the Cdse. The presence of the organic matter had a

Table XL
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This method of emulsification with soft soap not only
afforded a nr^eans of obtaining some insight into the bact;n-
cidal action of the tar-acids, but was also practicable for the
production of preparations containing the cresols (Crude
Carbolic Acid and Tar-Acid Fractions I., II., and III.) which
yielded clear solutions with water and which were superior
to, or at least about equal to, carbolic acid in bactericidal
power.

This method, however, was not serviceable for the produc-
tion of preparations of the higher tar-acids suitable for prac-
tical purposes, since the emulsions of the tar-acids generated
on diluting these preparations with water were not per-

manent, but in the course of a few hours the heavy tar-acids

began to settle down forming an oily layer on the bottom of die
ves.sel. Further, it was not found possible to emulsify even
temporarilj- Fi-action No. X. 270-284° C. with soft soap. On
warming equal weights of this tar-acid fraction and soft soap
a dark-coloured fluid was obtained, from which on dilution

w-ith water there was considerable separation of unemulsified
tar-acid, which immediately settled down, and for this

reason an accurate estimation of germicidal action of the
preparation, the carbolic acid coefficient of which varied from
11 to 14, was not possible.

In the presence of lower fractions these tar-acids of higher
boiling-point would no doubt form more stable emulsions.
A search was therefore made for more efficient emulsificants

than soft soap, and after examining the emulsifying pro-
perties of various substances, which are described in

Chapter V., castor-oil soap was chosen as the emulsificant
for the higher tar-acids.

It was found necessary to vary the proportions of soap
and tar-acids in dealing with the different fractions. The
higher the boiling-point of the tar-acids the higher was the
proportion of soap necessary to emulsify these.

Fractions No. 4 (205°—209° C), 5 (209°—213° C),
6 (213°—218-5° C), 7 (218-5°—225-5° C), and 8 (225-5°—
240° C.) of the tar-acids were emulsified according to the
foUo-vving formula by the method described in Chapter V. :^

Tar-acid 50
Castor oil 20
Potash 5
Water 5; all by weight.

Fractions No. 9 (240°—274° C.) and 10 (274°—286° C.)
were, however, emulsified bv the following formula :

—

Tar-acid ' 50
Castor oil 25
Potash 8

Water 7; all by weight.

The products were dark, translucent, homogeneous fluids,

which were not very viscous and which were freely miscible
with water. Those containing fractions 4, 5, 6 and 7 gave
at first clear dilutions with distilled water, which very soon
became milky. With tap-water the dilutions were imme-
diately milky owing to precipitation of some of the castor-
oil soap by the calcium and magnesium salts and consequent
separation as a white emulsion of some of the tar-acids. The
disinfectant-fluids containing Fractions No. VIII., IX. and
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X., however, immediately yielded milky dilutions with both
distilled and tap-water owing to the greater insolubility of
the constituent phenols, which on separation were emulsified
by the soap.

These disinfectants prepared with castor-oil soap, unlike
those containing soft soap, formed stable emulsions with
distilled water, there being little deposition of tar-acid on
standing. The emulsions with tap-water, however, were
just a little less stable owing to the precipitation of some of
the emulsificant (soap).

The effects of tap-water and of the age of the emulsions
upon germicidal power are described later oil in this chapter.

In Table XII. are given the results of the deterniination.s of
the germicidal powers of the preparations of the higher tar-

acids emulsified by means of castor-oil soap.
From these results the following conclusions can be

dria/wn :

—

(i.) As was found in the case of preparations of the tar
acids made with soft soap, the germicidal power of those made
wi'tih castor oil eoap increased with the boiling-points of the
cons'tituent tar acids.

('ii.) By comparing fhese results iwith those tabulated in

tia'ble XI. it 'was found that the castor oil soap preparations
of the higher tar acids containing a higher proportion of
phenols exceeded Uhe corresponding soft soap preparations in

germicidal power. Further, the caetor oil soap preparations
gave much more sta'ble emulsions with wa'ter.

(iii.) The depreciating effect of faeces upon germicid'al

power was much greater in the oa^e of the preparations of tar
acid fractions VIII., IX., and X., giving very milky emul-
sions with water, than in the case of the preparations of frac-

tions iIV. 'to VII., 'that gave milky emulsions less readily.

The caPbolic coefEcients of the latter in presence of faeces

were often equal to or even greater than those of the highest
fractions. Thie shows that for disinfection in presence of

faeces there is no advantage in employing preparations of the

highest boiling-point tar acids.

(iv.) Although phenol exerted under the same conditions

nearly equal germicidal powers upon B. typhosus and
Staphylococcus, yet the carbolic acid co-efficients of these tar-

acid preparations were greater in the case of B. typhosus

than of Staphylococcus. This meant that the latter was
more resistant to the germicidal action of these disinfectants

than B. typhosus.

To this generalisation there were two exceptions. The
car'bolio acid coefhciente of the preparations containing tiie

two highest tar acid ifractions, IX. and X., were the same,

whether the organism was B. typhosus or Staphylococcus.

This was an in'teresting case of selective disinfect/ion and

showed that Staphylococcus, compared with P.. typhosus, was

relatively more susceptibTe 'to the germicidal action of the

highest tar acids than to that of the lower acids.

The Germicidal Power of Emvldfitd Crude Mixture of Tar
Acids from Creosote-Oil.

The "crude tar acids" form the mixture of phenoloids

obtained by extradting " creosote oil " with soda and decom-

posing the soda compounds of the tar acids with acids.



28

By the fractional distillation of this mixture of phenols the

various fractions of tar acids are ctbtained, the bactericidal

pcnvers and methods of emulsification of wJiich have been
described above.

This mixture of "tar acids was found to 'be best emulsified

by m'cans of castor oil soap. The metihod of emulsification is

described in Chapter V. The proportions used w^ere :

—

Tar Acid 50
Castor Oil 20
Potash 5
Water 5

The product was a dark-coloured, homogeneous fluid, which
gave a permanent pink emukion with water. Its /bactericidal

powers under various conditions have been determined, and
are set fortli in Table XIII.

This preparation of the crude mixture of tar acids thus

considerably exceeded phenol and the cresols in germicidal

power. Its efficiency was greatlj' decreased by the presence

of particulate organic matter.

B.

—

The value of some of these disinfectants in the
disinfection of pus.

Since pus contains organic matter—^in the particulate state

as pus corpuscles, which fireqiueintdy imdergo fatty degenera-
tion and are, therefore, ricih in fat, and in the dissolved
state as seTum proteins—(it was to be expected that its nro-
sence would greatly reduoe the gearniicidal power of diisin-

fectants. The pus employed in the experimientis came from
a case of empya<ma. It contained no sporing organisms, but
a large number of rod-shaped bacteria similar to B. coli and a few
chains of cocci. The organisms grew rapidly on agar, forming a
thick creamy growth. The total solids of the pus was first deter-

mined by drying a known weight of the well shaken pus over the
wath-bath and, when most of the water was driven off, by adding
a little absolute alcohol to facilitate the removal of the remaining
water from the fatty mass. The pus was finally dried at 105° C.
The sample of pus contained 10 per cent, by wedgiht of

total solids. Its epeciific gravity was 1'016 at 15° C.
The method of determaning geirmicidal power in t3ie

presence of the pus consisted in rapidly adding at one miniute
intervals known volumes of a concent.ration of a diisinfectant
to a series of 1'5 ccs. of pus to which varyring volume-s of
water had been added. Tlhe volume of disinfectant added
was such to make t*he total volunie 5 ccs. The tubes were
then subcultured in the way desoribed in Chapter I.

As 1"5 ccs. of pus were always employed, the amount of
solid matter presient was always "152 g/ms. in 5 ccs. of dis-
infectant, or 3 per cent, as in the case of the experiments
with faeces. The results of the experiments are tabulated
below (page 30).

From these results it is see.n that the carbolic coefl^cients
of the emulsified phenols in the presence of pus decrease as
the seiriee of higher tar acids is ascended, until the hdghest
fraction (X.) is about as efficient as the cresols.

It, therefore, appears that the particulate organic matter
in pus behaves a.s the particulate organic mater in faeces in
reducing the germicidal value of emiulaified disinfectants.
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C.

—

The influence of tap water npon the fjerrniridal efficiency

of disinfectants containing the higher tar acids.

(1). The effect of tap-ivater upon gertnicidal power in absence

of organic matter.

The determination of germiicidal power was carried out by
the met'hiod already described, except that tap-water was
employed in making up the dilutioriB. Control experiments
wiith dietilled water were carried out at the same time.

The results are tabulated below :

—

Table XV.

Dioinfectant.
Ciirbolic-
iiuiU ro-

efficient.

Concen-
tration

killing in

Dilutions made with
tap-water.

C.irlwlic-

Hciil co-

efficient.

Concn-
tration

killing in

ISiuiuB.

Phenol Stupbylococcui-

W.
rrnction VIIT.—
Emulsified witb )

Caator-oil Soap )

T.
Fraction X.

—

Emulsified with )

Castor-oil Soap (

Phenol

Y.
Fraction XI.

—

Emulsified with )

Castor-oil Soap )

Phenol

V.
Fraction VII.—
Emulsified with )

Castor-oil Soap (

Phenol

Fraction IX.—
Emulsified with )

Castor-oil Soap )

Phenol

B. Typhosus ,

Staphylococcus

Staphylococcus

Stai>hylococcus

8-6

13-0

57

9-5inlO(K:
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so diluted. Many emulsified disinfectants on the market
show considerable deposition when diluted with tap-water,

the deposition varying in extent according to the hardness of

the water.

The sample of tap-water used in the experiments came from
the Thames Valley.

In the experiments carried out to determine the influence

upon stability of the emulsions dilutions of various disin-

fectants were made with distilled and tap-water and their

Table XVI.

DlsinfectaDt
W. Fraction VIII.! Y Fraction X V. Fiacticn Vli.
emulsified with

I
emulsified witli emulsified with

castor-oil soap.



33

V.—0>' THE Choice of Emulsificants fob the Higher

Tar Acids.

Soft soap was found to be an inefficient emiiLsificant for

the higher tar acids. A search was therefore made for sub-
stances superior to soft soap in emulsifying power. They
were at first looked for amongst proteins and carbohydrates.
Aqueous solutions of egg-albumen were useless for the

emulsification of the phenols, because the protein was imme-
diately coagulated.

Casein, on the other hand, was not precipitated by the
phenols and possessed considerable emulsifying ix)\ver. A 6
pea- cent, solution of casein was used for emulsification and was
prepared by dissolving precipitated casein in a 1'5 per cent,

aqueous solution of sodium carbonate with the aid of heat.

Equal volumes of the casein solutions and of the tar acids
were triturated together and the tar acids were thereby
emulsified, forming a white emulsion. These emulsions, how-
ever, were not readily miscible with water and they were
also less permanent than emulsions of the same tar acids with
soft soap.

Saturated aqueous solutions of glucose, solutions of agar-
agar, and 1 per cent, solutions of starch possessed no emulsi-
ying properties towards the higher tar-acids.

Mucilages of gum acacia and gum ghatti, however, were
able to emulsify the higher phenols, but the resulting emul-
sions, although readily miscible with water, were not so per-

manent as those made with soft soap.

The emulsifying agents of protein and carbohydrate nature
employed were thus not as efficient as soft soap, and a
further examination of the soap class of emulsificant wr.s

made. Resin soap, although it was used as an emulsificant

of the cresols, could not permanently emulsify the higher
phenols. It had a further practical disadvantage, insomuch
as admixtures of resin soap and the high boiling point phenols
•wore of an excessivelj' viscous nature.

Castor-oil soap, however, was found to be an efficient

emulsificant for the higher tar acids. Castor oil and tar acid

were mixed and heated in the water-bath ; the potash dis-

solved in water was added to the hot mixture and heat-

ing was continued until saponification was complete, this stage

being reached when there was no longer a fatty scum pro-

duced when a drop of the mixture was diluted with water.

The products were dark-coloured fluids, which were not very
viscous and which gave stable emulsions with water.

VI.

—

Germicidal Power and Cost ix the Case of the

Coal-Tar Disinfectants.

The costs of the various preparations are best compared in

terms of their carbolic coefficients. The costs of the amounts
of the disinfectants equivalent in germicidal power to 10 lbs.

of carbolic acid have been determined. These are obtained
by dividing the price per 10 lbs. by the carbolic coefficient.

Soft soap quality P.C., which is 17s. per cwt. or about
2d. per lb., is much cheaper than the B.P. quality. As will

be shown in Chapter VII., there is no advantage in using
the more expensive quality and it has therefore been
assumed in calculating the costs that the former would be
employed.
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For the purpose of calculation the followino; costs of othfir

ingredients use.l in the manufacture of the disinfectants have been

used :

—

Resin 2d. per lb.

Potash (purified by 87 per cent.

alcohol) ls.9d. perlb.

Castor oil (bleached and filtered) 9d. per lb.

Phenol (pure crystals > £2 per 10 lbs.

B.P. liquefied " phenol (containing

9-10% water) 10s. per 10 lbs.

Crude carbolic acid Is. to Is. T^d. per gal.

[lid. per lb.]

Thymol 7s. perlb.

Crude mixture of tar acids Ss. per gallon

The separated fractions of the higher tar acids (Fractions

{[. to X.) are sold at 2s. I'd. per j>allon (about 3d. per lb.

on the condition that all the fractions are simultaneously

bought. If, however, a selection of one or more of the

fractions were made the price would be much higher. The
costs are worked out below on the assumption that no selec-

tion would be made.

In the following tables are given the cost of making the

various preparations and also the costs of the amounts
equivalent in germicidal power to 10 lbs. of phenol. Since

germicidal power depends so much upon the conditions of

disinfection, the costs of employing the various disinfectants

for different purposes have been made out.

The following conclusions are drawn from these results :

—

(i.) It i.s more economical to use the re.sinsoap preparation.s*

of crude carbolic acid than those containing soft-soap and the

latter rather tlian the castor-oil soap prei)arations. The disin-

fectants containing resin-soap have the disadvantage, however,

of producing milky dilutions with water while the dilutions of

the soft-soap preparations are nearl}' clear.

(ii.) For the disinfection of Staphylococcus* in absence of

organic matter, of tyi)hoid stools and pus it is more economical

to employ- crude carbolic acid emulsified with soft-soap than

the crude mixture of tar-acids preparation.

(iii) It is more economical to employ the higher boiling-

point plienols (Fractions IV. to X.) for disinfection in the

absence of organic matter than the cresols. This advantage
increases with the boiling points of the tar acids, but its

jiractical value is decreased by the great expen.se incurred in

oljtaining a large amount of any fteparate fraction. There is

no sucli advantage in the presence of fasces ; in fact, under
these conditions it is usually more economical to use the

cresols.

(iv) The use of the thymol preparation is more costly than that

of crude carbolic acid emulsified with soft soap, especially in

tlie presence of organic matter.

*For practical purposes the cost of disinfectinfj Staphylococcus rather
than B. typliosus in abspnce of oreaiiic matter have been compared on
account of the hij<her reBialance of the former organism to tlie action of
di.'jiufectants.
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VII.

—

Observations Bearing on the Alkalinity, Toxicity,
Irritating Properties and Action on RrisuER of tue
Preparation of Cresols and Higher Phenols.

1. The alkalinity of the preparations.

When the eoa.p preparations are diluted with water, some
of the soap is hydrolys-ed with production of fatty acid and
potash :

—

H2O + KX;2HX + KOH
Soap i'atty

acid

The free alkali so formed will for tlie most part combine
with the phenols, forming phenolatee. The phenolates are
also hydrolysed in aqueous eolutioai :

—

H2O + CeHs OK;2CgH.5 OH + KOH
but as there is a large excese of phenol or cresol present this
will be negligible.

(t.) The alkalinity of the soft soap preparations.

B.P. soft soap should not give a reaction for free caustic

alkali when an alcoholic solution of phenol-phthalein is dropped
upon a fresh surface of the soap. The soap being moist, the
absence of coloration indicates that their is no free alkali

hydroxide, and also no free carbonate, borate, and silicate. [If

the soap be somewhat dry, no coloration proves the absence of

free hydroxide, but not necessarih' of free carbonate, borate,

and silicate.] A sample of Price's B.P. soap undried gave no
evidence of the presence of free alkali.

Price's P.O. soft soap has been used in the above experiments
for emulsifying the cresols instead of the B.P. soap on account
of its cheapness. It gave, however, a pink coloration with
phenol-phthalein, indicating the presence of free alkali.

The total alkali of these two samples was deteo-mined in

the following way :—10 g,ms. of the soap were dissolved in

hot water and excess of standard acid was added in known
amount. Tihe mixture was heated, stirred and them cooled

in an ice bath, so t.hat the fatty acids formed by the decom-
poeition of the soap were solidified. They were filtered off

and well wasihed with warm water, and tihe washings dJded
to the filtrate. The combined filt.rate was then titrated with
standard alkali in order to determdne tJie amount of aciid

unused in pTeciipitating tihe acids and in combining with all

the al'kalii present. This amount subtracted from the original

amount of acid taken gave the quantity of acid required to

unite with all the alkali—free and combined—present in the
soap, and the alkali equiivaJent of this amount of acid was
expressed in terms of potassiium oxide, KjO.
The total alkali content of B.P. soft soap was 8'23 per

cent., this being tihe mean of tihiree determinations.
The mieian of tihree estimations of the total a.lkali content

of P.O. soap was 947 per cent. The small difference in the
alkali contents of the two soaps suggested that there was no
advantage in employing the B.P. soap instead of the cheaper
ijualit}' in the pi'eparation of disinfectants.

The following calculation shows that this is so. Since the
cresol suspensions prepared with P.C. soft soap contained .^O

percent, of the latter, their alkali content would be 4 "73 per
cent. Two per cent, dilutions with water of these cresols

—
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.e., the strength commonly emploj'ed in the case of these

disinfectants—would, therefore, contain '09 per cent, total

alkali.

If the entire alkali in the 2 per cent, dilutions were in the

free state it would amount to about 1 '.DOth normal, but only a
fraction of tlie total alkali in a soai) dilution is free, and in the

presence of the cresols free alkali could not be detected with
phenol-phthalien

—

i.e., its concentration was less than 10-^*

normal.

(j'i.) The alJcalinity of the resin soap and castor oil soap
preparation.

In these prepaTatiors a known amount of alkali was intro-

duced since the soap was synthesi&ed from fat in .presence of

tar acid.

In the follo-^-ing taible are given the slkali contents of the

^•urious preparations, which are classified below according to

tJieir formulae :

—

Table XVIII.

Formula.
Alkali-content % of

preparation (KOH)
Alkali-content (KOH)

of 2 % ililution.

I. rar-acld 50
)

(/astor-oil 20 I

Potash 5
(

Water 5 )

II. Tar-acid 50 'j

Oasti)'--oil 35 I

Potash 8 f
Water 7 J

III Tar-acid 50
)

Kesin 25 '

Pot.sh 6
'"

Water 5 )

If the entire alkaQi in the 2 iper cent, dilutions were in the
free state it would amount to a concentration of from l-33rd

to l-42nd no: mal, according to the formula of the preparation.

l\ was found, however, that the concentration of free alkali

in the 2 per cent, dilutions of the castor oil 'soap and resin

soap prepaiations only amounted to l-170th normal. This
strength of alkali can just be tasted and causes elight smart-

ing '%vhen applied to the conjunctiva.

The dilutions with water ol the various eoap emulsions of

the phenols, therefore, contained very little free alkali.

{ii.) Toxicity.

The tar acids exert a poisonous action when injected or

taken orally. The minimum lethal dose of carbolic acid for

man -appears to .be 15 gms., but fatal poisoning by phenol has

been tnown io occur as a result of its application to the un-

Ibroken ekin and allso of its injection into the cavities of

abscesses.
ToUens (Archiv f. Experiment. Path. u. Pharra., Vol. .52,

p. 220) showed that fatal doses of carbolic acid and of the

isomeric cresols were nearly the same. His experiments were

carried out upon cats, mice, and frogs.

He aleo showed that there was no difference "between the

'toxicities of a4queous solutions and soap emulsions of phenol

]



of the same strength. This was also true of the cresols. A
cresol soap emulsion was, therefore, equal in toxicity to a
phenol soap emulsion. For example. Liquor creeoli saponatuE
was just as toxic as the corresponding phenol preparation.
Although the toxicities to animals of phenol and the cresols

are equal, tlie latter are considerably superior 'to phenol in

germicidal power. This means that the use of cresol prepara-
tions IS less dangerous than tha't of phenol preparations,
because more dilute solutions of the cresols can be used for

disinfecting purposes.
The fact that the soap emulsione are no more toxic than

aqueous eolutions is also of practical importance, because of

the advantages in employing the cresols in the emulsified
B'tate as disinfectants.

The poisonous properties of the cresols are also indicated
by the fact that many cases of poisoning with lysol have
recently occurred in Germany. Lysol has, however, been em-
ployed in the treatment of cerebro-spinal meningitis by the
injection of its 1 per cent, solution into the spinal cord with-
out any poisonous effects.

There are cases, too, that show that the cresols have not
always so great a toxicity as carbolic acid. Thus, 4 ozs. of

Jeyes' fluid and 9 ozs of creolin have been taken by the
mouth and there has been complete recovery from their toxic

eflfects after a period of unconsciousness. Such results are

probably due to the de-emulsiflcation of the higher tar acids

in the stomach and their very slow absorption, owing to their

slight solubility. Survival would have been unlikely in the
case of carbolic acid.

The following information concerning the toxicity of the
higher tar-acids is taken from Lewin's "Lehrbuch der Toxik-
ologie, 2tt Auft. 1897," pp. 215 and 361.

A dose of 2"5 gms. of creosote can kill cats and rabbits, the

coriesponding minimum lethal dose per kilogram body-
weight being about 07 gm. The minimum lethal dose per

kilo, of phenol and cresol is "09 gm. for cats (Tollen's I.e.), .so

that creosote is much less poisonous than these substances.

One fifth of a gram of creosote can kill pigeons, and dogs are

killed by 6 to 7 gms. Cases are recorded in which a dose of

7 gms. of creosote has fatally poisoned a man, and doses

beginning at 20 drops and progressively increasing to I '8 gm.
have killed a child.

Thymol is also poisonous, as 3 to 4 gms. of it can kill

rabbits by injection and 5 to 6 gms. can kill the same when
given orally. Since only a dose of 2=^- gms. of creosote is

necessary to kill rabbits, it is seen that thymol is less poi-

sonous than creosote, and, therefore, much less poisonous than
phenol and cresols.

Cases are recorded in which a dose of from 6 to 10 gms. of

thymol has caused toxic symptoms, such as vomiting, col-

lapse, etc.. in man.
There is, therefore, some evidence showing that the higher

tar-acids are less poisonous than phenol and the cresols. The
dangers attending the use of the higher tar-acids are farther

decreased by their high germicidal power, which permits of

their employment as disinfectants in small concentrations.

(iii.)

—

The irritating 'properties of the tar acids.

The concentrated preparations when spilt upon the skin

are very caustic and produce bad wounds. Two per cent.
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dilutions of them in water however, have no immediate irritant

effect u[)on the normal skin, and at this dilution the preparations

exert a reliable germicidal action.

Two per cent, dilutions when placed upon the tongue pro-

duce a stinging sensation.

0'25 per cent, dilutions of aU the fractions of the tar acids

produce slight stinging when placed upon the conjunctiva.

No striking differences could be made out between phenol,

cresol, and a higher fraction of tar acid (No. ix.) boiling at

270°—286° C. in regard to their stimulating properties on

the conjunctiva.
0"25 per cent, of phenol or cresol would not effect a reason-

able germicidal effect, but O'l per cent, of the preparations

of the higher fractions, with their much higher germicidal

power, could be usefully employed. More concentrated

emulsions are not suitable for sensitive mucous membranes.

(iv.)

—

The action of the coal-tar disinfectants upon rubber.

Pieces of rubber tubing in good condition were immersed
for twenty days in 2 per cent, solutionis of crade carbolic acid

emulsified with resin and soft soap and of a higher tar-acid

fraction, No ix.. emulsified with castor-oil soap.

The immersion in these dilutions had no effect upon the

rubber other than that of softening, which was no greater

than the softening effect pi'oduced by immersion in water
for the same length of time.

It was noticed that the emulsions of the higher tar-acid in which
the rubber had been immersed had considerably increased in opacity
while control emulsions with no rubber had only decreased
slightly owing to a small deposition of tar acid. This showed
that some of the latter had been absorbed by the rubber, which
would therefore behave as particulate organic matter in decreasin

germicidal power.

The concentrations of the various preparations recom-
mended for disinfecting stools can be recommended for dis-

infecting rubber instruments.

Preparations for Disinfection of Hands, Instruments, &c.

The following preparations are recommended for disinfection

of hands, instruments, pus, etc. They possess a reliable

germicidal power, are readily manufactured, are considerably
cheaper than phenol, and for the same germicidal power are
less poisonous.

The fact that rise in temperature greatly increases germi-
cidal power is of importance in practice. The concentrations
recommended below for disinfection at ordinary temperatures
may be halved if the disinfection is conducted at 35° C. or
above.

(I). Crude Carbolic Acid (Gresoh), emulsified with Soft Soap.

(Disinfectant E. Table III., Chapter II.

Crude carbolic acid, which consists chiefly of cresols, can be
obtained from gas companies or disinfectant manufacturers.
Take equal weights of crude carbolic acid and soft soap

(Price's P.C. quality) ; heat them together at 80° C. until all

the soap is dissolved and filter the product. The preparation
is a dark colored homogeneous fluid readily miscible with tap-
water, forming a slightly turbid liquid.
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Dilution recommended for hands and instruments 2%
Dilution recommended for disinfection of stools, •v

pus, and other particulate organic matter, on
the assumption that for one volume of stools, !- 3%
etc. , at least two volumes of the diluted dis- i

infectant be added... ... ... ... ...J

The costs of materials to make one gallon of this preparation

is Is. 8d., and that of an equal amount of B.P. carbolic acid is

10s. The disinfectant is therefore much cheaper than phenol,

and at the same is equal to it in germicidal power and is less

poisonous.

This preparation is identical with the Liquor creosoli sapo
natus, official in the German, Japanese, and Swedish Pharma-
copoeias, and with the Cresolum saponatum of the Belgic and
Swiss Pharmacopoeias.

(11.) Grude Mixture of Tar Acids from Creosote OH, emidsified

with Oastor-oil Soap.

(Disinfectant Z. Table XIV. , Chapter IV.

)

The "crude mixture of tar acids" contains cresols and their
higher homologues, together with some carboUc acid, and is

obtained by the extraction of creosote oil with soda and
acidification of the extract.

Creosote oil is the fraction collected between 230° C. and
270° C. in the distillation of coal tar.

The *' crude mixture of tar acids " can be obtained from gas
companies and disinfectant manufactuiers.
Take 50 parts by weight of this mixture of tar acids and 20

parts of castor oil (bleached and filtered oil of commerce), mix
well and heat to 90° C, add a solution of 5 parts of potash in

5 parts of water, and heat and stir until a drop of the mixture
gives a pink emulsion with tap water with no fatty scum.
The product is a dark-coloured fluid, miscible with water,

giving a stable pink emulsion.

Dilution recommended for hands and instru- , o/

ments ... ... ... ... ... ... '^

Dilution recommended for disinfection of stools, A

pus, and other particulate organic matter, on I

the assumption that for one volume of stools, V 1 '5%
etc. , at least two volumes of the diluted
disinfectant be added ... ... ... ...J

The cost of the materials to make one gallon of the dis-

infectant is 5s. and is therefore much greater than that of one
gallon of the crude carbolic acid preparation (Is. 8d. ). The
crude tar-acids disinfectant is both in the absence and presence
of organic matter, however, superior to the crude carbolic-acid
preparation in germicidal power, so that the cost per germi-
cidal unit of the two preparations is approximately the same.
Furthermore, the disinfectant made with the crude mixture of

tar acids is considerably less poisonous than the crude carbolic-
acid preparation, and this advantage is increased by the fact
that, owing to its higher germicidal power, the concentrations
of the former preparation recommended to be used in practice
are much smaller than those of the latter.
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The emulsions of the crude tar-acids disinfectant \rith tap

water deposit a little tar acid on standing, so that it is im-

portant to employ its freshly-made dilutions or to shake

thoroughlj- long-standing ones.

I desire to express my best thanks to Dr. C. J. Martin,

F.R.S., for giving me 'the opportunity of conducting this

investigation and also for help and advice in the course of

the work, and to Messrs. Burt, Boult-on, and Haywood for

supplying samples of various tar acids.
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EXPEKIMENTS ON THE CAUSx\TION OF
BEEI-BERI.

(Preliminary Communication.)

By E. a. COOPEE, B.Sc,

AND

CASIMIR FUNK, Ph.D.

(From the Lister Institute of Preventive Medicine.)

^

The conclusion that beri-beri was due to a diet in which rice

bulked too largely was arrived at by Wernich,' Van Leeut,- and

Takaki.' Acting upon this conclusion the latter, by modifying the

diet of the sailors, has succeeded in practically eradicating the

disease from the Japanese Navy. The vast amount of epidemio-

logical evidence collected by Braddon^ showed conclusively that

beri-beri was associated with the continuous consumption of a diet

composed too exclusively of decorticated (polished) rice. Braddon's

observations brought out the further important point that natives

whatever their race, consuming rice which had been parboiled

previous to removal of the pericarp (such as that used by the Indian

Tamils) were not in danger of contracting the disease. One differ-

ence between these rices consists in the amount of subpericarpal layer

remaining on the grains after the various manipulations to which

they have been subjected prior to consumption.

An important fact for the investigation of beri-beri was the dis-

covery of Eykman^ that a polyneuritis in birds (fowls and pigeons)

analogous to the human beri-beri is induced by a diet of polished rice,

whereas fowls fed on undecorticated rice remained healthy. Eykman

also showed that the latter variety of rice could cure fowls suffering

from polyneuritis induced by a diet of the former. The next advance

was due to Grijns,'' who showed that the addition of pericarp and
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subjacent layers removed during decortication (polishings) to the

diet of decorticated rice prevented the occurrence of polyneuriti?.

Neither Eykman nor Grijus adopted the simpler interpretation of

their facts that beri-beri was a disease due to the deficiency of some

essential dietetic constituent in the decorticated rice, but suggested

that the endosperm contained some poison, the antidote to which

occurred in the cortical layers removed by polishing.

The solution of the problem has been materially advanced by the

work of Fraser and Stanton.'' These authors having confirmed the

preventive and curative results obtained with polishings sought to

separate from them the active substance. They extracted the polish-

ings with 0-3 per cent. HCl and precipitated the extract with alcohol.

By this means the greater portion of the phosphorus was removed in

the form of phytin. By the suitable addition of this phytin to a diet

(0 polished rice chey failed to prevent in birds the occurrence of

polyneuritis. The alcohol extract, however, possessed protective

properties. The alcoholic extract contained proteins, but those were

found to be devoid of action. The inactivity of the alcohol-soluble

proteins has since been confirmed by Chamberlain and Vedder,** who

found that the dialysate of the alcohol-soluble fraction contained the

active substance.

Schaumann^ has recently published a comprehensive study of the

subject containing the results of many interesting and important

experiments undertaken during the past three years. Schaumann's

results may be briefly summarised as follows : 1. Inorganic phos-

phates had no curative properties. 2. Phytin, which had been credited

by Aron" with some preventive properties, gave entirely negative

results. 3. Complex mixtures, such as yeast, rice polishings,

Katjang-idjoe beans, if administered in sufficient quantity to pigeons

far advanced in the disease, produced a cure. 4. Although an impure

commercial sample of yeast-nucleic acid cured the disease in 3 out

of 14 cases (pigeons), it was not possible to obtain conclusive results

with all kinds of simple phosphorus-containing substances, such as

lecithin, glycerophosphates, and phospho-proteins. For these reasons

Schaumann suggests (/. o. p. 3i7) that phosphorus compounds can

only exercise curative effects when acting in conjunction with certain

other substances.

With this we conclude the resume of the more important work
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on the problem of beri-beri and pass to the consideration of the

results of our own experiments.

We have repeated feeding experiments of former workers upon

birds (fowls and pigeons) with the various kinds of rice and have

confirmed them, and have also confirmed the preventive action of

rice b;an (polishings). Experiments with an exclusive diet of various

pure carbohydrates— starch, inulin, cane sugar, and dextrin—have

been carried out, and it was found that such diets induced polyneuritis

with the usual symptoms. These results disprove any intoxication

hypothesis concerning beri-beri in birds. A daily ration of 05
gramme phytin administered to pigeons fed on white rice did not

prevent polyneuritis, and attempts to cure polyneuritis by the addition

of phytm, edestin, casein, and egg-yolk were unsuccessful. As the

latter two substances are relatively rich in organically combined

phosphorus the negative results are important. One gramme of

dried pressed yeast per day prevented the development of polyneuritis

in fowls, and we were also able to confirm the curative properties of

pressed yeast. Yeast-juice obtained by squeezing the ground cells

with kieselguhr in a press was found to exert a curative effect like

the original yeast. We have also found that pressed yeast hydrolysed

with 20 per cent, sulphuric acid for 24 hours still retained its curative

properties. As all organic phosphorus compounds are completely

hydrolised under such conditions, and phosphoric acid has been

shown to be without influence, it is very improbable that the poly-

neuritis is the result of a deficiency in phosphorus compounds.

After confirming the results of Fraser and Stanton concerning the

beneficial effects of the alcoliolic extract of rice polishings, we pre-

cipitated a water solution of the extract by means of phospho-tungstic

acid, and found that the active substance is precipitated entirely by

this reagent and that the filtrate is completely inactive.

The curative effect of the precipitate decomposed by baryta in the

usual way, which is wholly devoid of phosphorus and also free from

carbohydrates or protein groups, was tried upon ten p'geons ; it was

found to be extraordinarily active and cured the birds even when they

appeared moribund, striking improvement occurring in from three to

ten hours. In several instances birds which were con:;pletely para-

lysed and supposed to be dying in the evening were found next

morning with but some trace of lameness.
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Polishings appear to contain only a very small amount of the active

substance, and for further progress a very large quantity of polishings

must be dealt with.

In conclusion, it appears that the polyneuritis induced in birds by

a diet of decorticated and polished rice is not due to the deficiency

of phosphorus compounds, but to the absence of some substance

not of protein nature, devoid of phosphorus, soluble in water and

acidulated alcohol, dialysable, and precipitated by phospho-tungstic

acid, and the precise nature of which is being at present investigated

by one of us (C. F.).

We are glad to have this opportunity of expressing our best thanks

to Dr. C. J. Martin, F.E.S., Director of the Lister Institute, for

drawing our attention to this subject, and for help and advice in the

course of the investigation ; and to Dr. Leonard Braddon of Seremban,

^alay States, to whom we are indebted for kindly furnishing an

adequate supply of different kinds of rice and rice polishings.
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On Some Stages in the Life-History of Lepto-
monas muscse domesticae, with some re-

marks on the Relationships of the Flagellate
Parasites of Insects.

By

J. S. Diiiikci-ly.

Witli Plate 31.

In an endeavour to examine the biilagellate character of

Herpetomonas as described by Prowazek (20), I have dis-

sected and examined a number of house-flies. At first

Musca domestica was investigated, as I had supposed that

this was the animal indicated by the word " Stubenfliege."

In this country, however, M. domestica does not seem to

be commonly infected, as I was unable to find the parasite iu

it, and Hewitt (6), who examined a good number of these flies,

was similarly unsuccessful. In the smaller house-fly, Homa-
lomyia canicularis, flagellate parasites were found to be

present, but Hewitt had confined himself to M. domestica.

Still, the infections were very rare. I examined these flies

taken in three distinct localities : Chelsea and Wandsworth

in London, and Benfleet in Essex. Parasites were found in

flies from each place, but always in a low percentage, about

4' per cent., of the flies examined. Other species of flies^ have

been examined, but not in large numbers, so that it is not

surprising that no Herpetomouads have been met with in

them as yet.

' I take this oj)portiinity of expressing my thanks to Mr. Aiisteii,

who kindly assisted me in the identification of these flies.
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I will first describe the forms met with by me in Homa-
lonij^ia canicularis, and afterwards discuss their signi-

ficance. (1) In the midgut (ventriculus) of two flies were
seen some large typical Herpetomonas forms (PI. 31, fig. 1).

This form had a body 25 /t to 30 ^it long, and the flagellum was
30 fx long. Its movements were characteristic, the body being
clumsily swung from side to side by the lashing of the long
thick flagellum. "With Giemsa's stain the double character

of the flagellum described by Prowazek is evident in most
cases. If, as Patton (17) states, this is merely a stage in

division, then it is an unusual type of division, since the

kinetonucleus is not even transversely elongated when the

flagellum has divided along its whole length, this being very

unlike the state of affairs found by me in dividing forms

•(PI. 31, fig. 9). My material for the study of these forms

has been very scanty, and I can only say that they are very

different, both in appearance and size, from the other flagel-

lates met with in the fl}-.

(2) A commoner form (PI. 31, figs. 2-14) was found in

the intestine, and once in the Malpighian tubules. These

infections were always heavy ones, the parasites occurring in

dense clusters, either on the intestinal wall or free in the

lumen of the intestine. On slides the clusters were seen to

be formed by the typical rosettes, or more correctly, agglo-

merations, with the flagella pointing to the centre, as described

by Woodcock (26) for cultural forms of trypanosomes. The
body of this form was 15 /z to IS fx long, and its movement
was rapid and graceful, the anterior part of the body often

undulating. A large number of dividing forms were usually

present (PI. 31, figs. 6-10). In one case, in which the

forms were particularly elongated (PI, 31, fig. 14), cysts

were also found, and doubtful intermediate stumpy forms.

The characters to which I wish to draw particular attention

are the varying position of the kinetonucleus and the presence

of an undulating membrane (PI. 31, figs. 3, 4, and 11-14).

(The forms shown in figs, 3, 4, and 11 are from the same fly).

All intermediate stages between the short form, with its
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anterior end truncated, and the elongated one with anterior

extremity drawn out into a membrane attached, to the

flagellum, are found (PI. 31, figs. 3, 4, and 11). A form

resembling that in fig. 11 was found by Chatton and

Alilaire (2) in Drosophila confusa, and described under

the name Trypanosoma drosophil^e, although the authors

recognised the possibility of its being a stage in the life-

history of a Leptomonas found by them in the same fly. Werner

(24) also described the same form from "Stubenfliegen,"

and named it Crithidia muscjB domesticas to distinguish

it frem the biflagellate Herpetomonas muscte domesticae

of Prowazek. Miss Mackinnon (14) also, whose paper ap-

peared while this work was in progress, in describing what she

regards as a Herpetomonas from Homalomyia corvina(*)

pointed out the similarity between some of the forms found

by her and the Crithidia of Werner, which would not be

surprising if both are stages in the life-history of organisms

belonging to the same genus, possibly to the same species.

The forms shown in PL 31, figs. 12, 13, and 14 possess,

undoubtedly, an undulating membrane, though the flagellum

is not produced beyond it, and these resemble in a striking

manner some stages of Trypanosoma cazalboui in cul-

tures, described by Eoubaud (22, pi. viii, figs. 2 and 6), thus

indicating a close relationship between the parasite of a non-

blood-sucking fly like Homalomyia and the trypanosomes of

vertebrates. Patton (18, and 17, p. 142, note), in objecting

to Prowazek's account of Herpetomonas (which, however,

has been supported by other observers, Lingard and Jen-

nings [12], Roubaud [22]) decided that all uni-flagellate

parasites of insects with the kinetonucleus anterior to the

trophonucleus and without undulating membrane are to be

called Herpetomonas, and that those having the kinetonucleus

posterior to the trophonucleus, and possessing an undulating

membrane, should receive the generic name of Crithidia.

Liihe (13) and Hartmann and Jollos (5) have pointed out that

Patton's failure to see the characters observed by Prowazek

and others does not prove their non-existence ;
and as to his

45§
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use of tlie name Critliidia, this is certainly a misuse of Leger's

term, wliicla lie applied (8) to a short rounded form, " en

form de gi-ain d'orge legerement aplati et tronque a I'extremite

anterieure . . . ," and usually without an undulating mem-
brane. However, it seems from the evidence of the forms

found in Homalomjia that the same organism may be without

an undulating membrane at one stage of its life-history, while

possessing one at another stage. I shall return later in

this ptiper to this question of nomenclature.

(3) In the rectum, near the rectal glands, were found

masses of small oval bodies (PI. 31, fig. 15) attached to the

rectal epitheliuui. On examining these in water I was able

to observe the mass apparently swell, as though the walls of

the oval bodies were gelatinous, and after a short time some

of the bodies were seen to become actively motile, with a

small anterior flngellum (PI. 31, figs. 16 and 17). The flies

containing these cysts had no other flagellate stages in them,

but came from the same locality as those that had. Similar

cysts have been described by Minchin (15) for T. grayi, by

Prowazek (20), Rosenbusch (21), and Mackinnon (14) for

Herpetomonas, the latter having observed them giving rise

to flagellates. The cysts stained with Giemsa (PI. 31, fig. 15)

show a faint trophonucleus and a distinct kinetonucleus, Avitli

a large number of scattered granules stained a deep, purple

colour, and have a definite wall surrounded by a remark-

able substance which stains deeply, and may be gelatinous in

nature (vide supra). But irou-hgematoxylin shows little of

these peculiar effects (PI. 31, fig. 17a). The commencement
of development of the flagellum is indicated by a clear area in

Ciienisa preparations (PI. 31, fig. 15b), the borders of which

appear to stain with iron-hasmatoxylin, showing a triangular

area with the kinetonucleus as base (PI. 31, fig. 17a and d),

and the same appearance has been seen in uon-flagellate

forms of T. lewisi by Prof. Minchin, who kindly showed
me his original di'awings.

In the life-cycle of Leptomonas, as far as I have investi-

gated it, we find the following forms: (1) A typical Lepto-
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monas (fig. 2)^ which actively divides in the intestine or in

the Malpighian tubules of the fl}' (figs. 6-10), producing

(2) very active, slender forms, often with undulating mem-
brane (6gs, 11-14). These probably encyst while attached in

large numbers to the rectal wall, and the cysts (figs. 15 and

ITa) may be passed out with the fasces to give rise to flagellate

forms in another fly, as described by Patton (19) foi- the

Herpetomonas (? Leptomonas) of ]\[usca nebulo, the Madras

bazaar fly. But whether the large Herpetomonas form (lig. 1)

should have a place in this life-history I am at present unable to

decide. Almost certainly the above is but a part of the whole

life-cycle, and the low percentage of infectious have prevented

the completion of it up to the present. It might be thought

impi-obable on a prioi'i grounds that flies in England and in

India should be infected by the same pair of parasites, yet in

smears of house-flies' guts which Dr. Row brought from India

and kindly left at the Lister Institute, there are large

Herpetomonads and small Leptomouads just as in H. cani-

cularis in England. If these should prove to be different

forms of the same organism, and at the same time have a

trypanosome-stage in their life-history, considerable changes

in our non)enclature of flagellate parasites will be necessitated.

As to Prowazek's description of elaborate autogamy and

hereditary infection in Heipetomonas, one is tempted to

interpret some of his figures (which hardly bear out his

account), as being those of a Sporozoan infection, and I

hope to publish shortly an account of a Microsporidiau which

I have found in Homalomyia.

The nomenclature of these forms, interesting on account of

their probable relationship with the trypanosomes, isin a very

confused state, and it is with a view to the clearing up of at

least one part of the vexed question that I wish to re-state the

following facts in their history.

Saville Kent in 1881 (23) established the genera Lepto-

monas and Herpetomonas for uniHagellate parasites found in

a Nematode, Trilo bus, and in Musca dom estica respec-

tively. The only points of distinction mentioned by him
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whicli are of any service are that Le[)tomonas was TryVir ''^*

long, and formed rosettes, while Herpetomonas was -g-^^ to

-^^ in. long, and had, at any rate, not been seen in rosettes

or agglomerations. In 1902 Leger (9) found flsigellate

parasites in Homalomyia and other Diptera, and named an

elongated form Herpetomonas (sp. var.), while a short

rounded form, " en form de grain d'orge," he called

Crithidia (sp. var.). Later (10, a and b), he described

H. subulata from Tabanus as possessing an undulating

membrane, still retaining the name Crithidia for shoi-t

pyriform forms. Prowazek (20) in 190-1 had investigated

the parasite of the house-fly, and described it as possessing

two flagella united by a membrane and arising from an

^nterior double basal-granule or diplosome. Novy, MacNeal,

and Torrey, in 1907 (16) followed Leger's nomenclature for

types found in mosquitoes, their Herpetomonas in cultures

showing an undulating metnbrane. They described a diplo-

some, not where Prowazek had placed it, but at the posterior

end of the body, and bearing, as they themselves point out,

a considerable resemblance to a Diplococcus, which was

generally adherent to the body of Herpetomonas in the

cultures. Lingard and Jennings (12) in 190G found in a

Muscid fly forms showing the typical diplosome descril)ed by

Prowazek, but most of their figures are not clear, and they

claim to have seen the actual folding of the flngellate to

form the biflagellate condition according to the Prowiizek-

Schaudinn theory respecting the origin of the double

flagellum.

The history of Herpetomonas up to this point has been

related in greater detail by Woodcock (25). His conclusions

are— (1) That some of these parasites of mosquitoes are

probably connected with Trypanosomes of vertebrates
; (2)

some of the typical Herpetomonads found may be simply and
primarily parasites of the insects

; (3) that forms adapted

for life in sanguivorous insects, by which are meant
"Crithidia" forms with an undulating membrane, following

Patton's nomenclature, may be unrelated to any trypanosome
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of a vertebrate. But no forms were then known witli an

undulating membrane in a truly non-sanguivorous insect.

In 1908, however, Chatton and Alilaire (2) described flagel-

lates found in Drosophila conf usa— a Lep tomouas (jis

distinct from Prowazek's Herpetomonas) and a Trypano-
soma without a clear undulating membrane, but with the

blepharoplast at the posterior end of the body. They named
these forms L. drosophilfe and T. drosophiljB, but at the

same time put forward the suggestion that they are really

two stages of the same life-cycle. Werner (24) in 1909, and

Rosenbusch (21) in 1910, have stated that there are two

distinct parasites of the house-fly, a Herpetomonas of Prowazek

and a Crithidia with posterior kinetonucleus, of which Rosen-

busch describes the encystation. Roubaud, in an interesting

article in 1909 (22), has used an old generic term, "Lepto-

monas," for the uniflagellate parasite of the fly Pycnogonuin,

excluding Herpetomonas of Prowazek, which he aho found

in the same fly. He regards, then, Herpetomonas of Prowazi-k

as biflagellate, and Leptomouas as uniflagellate, with kineto-

nucleus usually anterior, but with a so-called trypanosome

stage in its life-history. The evidence of Rosenbusch (21),

Chatton and Alilaire (2), and Mackinnon (14), and that given

by my figures, all goes to show that a form resembling

Leptomouas of Saville Kent is found in non-sanguivorous

flies (in three cases, house-flies), developing in the course of

its life-history a form resembling a cultural ti-ypanosome, and

having an encysted stage. The fact that many observers

have seen a large form (shown in PI. 31, fig. 1), which difl"ers

very much in appearance from Leptomonas, renders it possible

that the other observers who fail to see the two flagella are

dealino- with a different organism.

This much, however, seems certain : (1) That Leger's

original pear-shaped Crithidia is only a stage of the Lepto-

monas life-history; also (2) that the "Crithidia" of later

authors—Patton (18), Woodcock (25)—found in blood-sucking

flies, or in cultures, are in some cases developmental stages of

a Trypanosoma. The evidence of the forms found by me
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(PI. 31, figs. 11-14) in the honse-flj, Homalomyia canicu-

lar is, shows that Roseubusch's Crithidia innscfB domes-
ticfB, and therefore probably Trypanosoma drosophilte

of Chatton and Alilaire, are merely forms assumed by a

Leptomonas.

Should Leptomonas or Herpetomonas be the name given

to these parasites of the Insecta ? The Leptomonas of

Saville Kent was described as being of a size comparable

with that of the small Leptomonas, of, e.g., Homalomyia,

whereas Herpetomonas was evidently a huge form. Again,

Leptomonas was said to form rosettes. A diagnosis based on

moi-phological grounds is of more value than one depending

upon habitat. At present, therefore, Leptomonas would

appear to be a correct name for the uniflagellate parasites

*fouud in the gut of non-sanguivorous insects, including house-

flies, Pycnogonum (22), Bombyx (11), and in some plants (7),

while Herpetomonas may be retained as a provisional name

for a large form with peculiar flagellar apparatus and a com-

plicated life-histor}', as described by Prowazek. Should the

latter prove to be but a stage in the Le|)tomonas^ life-history,

then Herpetomonas should be merged in Leptomonas, since

the latter would then have been the first which was accurately

described. Crithidia cannot be applied as a generic name to

any form, as it has simply been the name given to two stages

in the life-history of Leptomonas, or in other cases to what

are probably stages of Trypanosoma. That Leptomonas had

priority over Crithidia was pointed out by Hartmann and

Jollos (5), but it was not clear then that '*' Crithidia " was a

form in the Leptomonas' life-history.

A paper by Flu on parasites of the house-fly, Musca
domestica, appeared (•' Centralblatt f. Bakt., etc.,^ Bd. Ivii,

1911, p. 522) after this paper had been sent to press, and is

in the main confirmatory of the chief points emphasised above.

Protozoological Laboratory,
Lister Institute,

London.
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EXPLANATION OF PLATE 31,

Illustrating Mr. J. S. Dunkerly's paper " On Some Stages in

the Life-liistory of Leptomonas muscEe domesticee,
with Some Eetnarks on the Relationships of the Flagel-

late Parasites of Insects.'^

[All figures are outlined with the aid of Zeiss-Abbe drawing apparatus,
and are drawn at a magnification of 2400.]

Fig. 1.—Large Herpetomonas from stomach of Homalomyia
canicularis. Osmic vapoin-, Giemsa.

Fig. 2.—Leptomonas from intestine of H. canicularis, showing
distinct blepharoplast. Flemm.-Fe. hajm.

Figs. 3 and 4.—Leptomonas from intestine of H. canicularis,
showing varying positions of the kinetonucleus. Schaud-Fe. ha3m.
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Figs. 5-10.—Leptomonas from intestine of H. canicularis ; Tarions

stages in division. Flenim.-Fe. hajm.

Figs. 11-14.—Leptomonas from intestine of H. caniciilaris

;

trypaniform individuals, Schaiid.-Fe. li*m.

Fig. 15.—Cysts of Leptomonas muscse domestica; from rectum

of H . canicularis, showing scattered nuclear material. Osmic vapour,

Giemsa.

Fig. 16.—Small flagellate forms a few minutes after leaving cyst.

Osmic vapour, Giemsa.

Fig. 17.—Small flagellate forms a few minutes after leaving cyst

showing development of the flagellum. Flemm.-Fe. lisem.
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On the occurrence of Theloliania and Prowazekia in

Anthomyid flies.

[Protozoological Laboratory, Lister Institute, London.]

• By J. S. Dunkerly, B. Sc, London.

With 1 Plate.

L Thelohania ovata.

In searching flies for flagellate parasites, I found in one an infection

of small spores in groups, and resembling superficially yeast-like bodies

which are sometimes present in flies' intestines. The fly, Homalomyia
scalaris, was not one of those which I was specially examining, but
was an odd capture, and for that reason I did not pay much attention

to it at the time. A smear of the teased-up rectum was fixed in osmic
vapour and stained with Giemsa, but it was not until some time
afterwards that I examined the slide, when it was seen that the spores
were those of a Microsporidian, and I have to thank Dr. Woodcock
for his kind assistance in directing me to the literature on the subject.

Isolated meronts were found, containing one, two, four or more
nuclei (figs. 1—5), and some of these are apparently budding ofi" uni-

nucleate bodies (fig. 2), which may become either meronts or possibly

sporonts. Exactly similar bodies are described by Perrin (8) for

Pleistophora periplanetae and by Stempell (11 and 12) for

Pleistophora (Thelohania) miilleri, while S h i w a g o (14) states

that young pansporoblasts (sporonts) in PI. periplanetae may bud in

the same way. The sporonts each form eight spores (sporoplasts) which
can be seen in various stages of development (figs, 6 and 7), but the

early divisions are not clear in this material. Each spore has at first

an almost colourless cytoplasm and a mass of material at either end
which stains red with Giemsa. It is sen early however, that one of

these masses is purplish red, while the other is a brighter red colour
(fig. 6). It is unfortunate that only Giemsa -stained material was
available, as probably the spore is developed from a pansporablast as

is well described for Thelohania giardi byMercier(6); but during
certain stages in the development of spores in Th. chaetogastris
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the nuclei are terminal according to Schroder (10), and probably the
bright red nuclear material (fig. 7) forms the „Am6boidkerne" and the
pink vacuole is the polar capsule. The larger spores are about 6 ^ to
7 ft long and are more elliptical than ovoid in shape, but besides these
there are a few groups of small spores (fig. 8), which are about 4 f.i

long, and may represent microspores, in which case the larger ones must
be termed macrospores. Perrin, who worked with PI. periplanetae
(8) described two kinds of trophozoite and spores in Pleistophora,
but thought that the smaller forms belonged to an undescribed species]
but microspores and macrospores have been described in several Micro-
sporidia; in Pleistophora mirandellae by Vaney and Conte
(15), in PL elegans by Auerbach (la), in T h e 1 h an i a j an u s
and in Gurleya legeri by Hesse (3 and 4), in Th. chaetogastris
by Schroder (10), and in Glugea varians by Leger (5). It seems
likely therefore that the two kinds of spores found (figs. 7 and 8) re-
present macrospores and microspores of the same organism.

The material allows of no more than a record of the occurrence of
this Microsporidian, which I name Thelohania ovatainan Anthomyid
fly. Besides the Thelohania found by Hesse (3) in T a n y p u s

,

species of Glugea have been described also as parasitic in Dipt era;
e. g., in Simulium ornatum larva by Leger (5), Vosseler in
1897 (16) described what may have been the trophozoite stage of a
Microsporidian infecting Musca(Calliphora)vomitoria and S a r c -

phaga carnaria with fatal results, but apparently he did not see the
actual spores.

Flu (2) has published a description of a parasite in houseflies which
seems to resemble in many of its stages the organism described above.
The spores, of which eight are formed in a cyst, do not appear to
possess a polar capsule, and Flu classes the organism discovered by
him as a Schizogregarine, naming it Octosporea muscae domesti-
cae. A point of considerable theoretical interest is the rather striking
resemblance which the trophozoites, especially when budding (figs. 2
and 3), bear to Prowazek's figures (9, fig. 1 j) of parthenogenesis in
Herpetomonas muscae domesticae, and Flu has pointed out
that the same may be said of stages in his Octosporea. It certainly
seems probable that stages of some Sporozoan parasite have been in-
cluded by Prowazek in the life-history of Herpetomonas.

Chatton and Krempf have recently i) described two parasites
from Drosophila confusa, which they identify with Octosporea
Flu, one with eight spores, 0. muscae domesticae Flu, and one
with a single spore in sporont, 0. monospora Chatton and Krempf.
They object to the classification of Microsporidia based on the number
of spores in each sporont, owing to the variability of this character, but
on their own showing, nothing is to be gained by founding a genus
Octosporea with no character of distinction from Thelohania.
I have retained therefore the provisionally effective generic name of
Thelohania for this Microsporidian with sporont containing eight
spores each with one polar capsule.

1) Bull, de la Soc. Zool. de France. T. 36. 1911. p. 172—179. Text fig.
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II. Prowazekia sp.

In one fly, Homalomyia canicularis, which I examined for

Leptomonas, the rectum contained numerous flagellates resembling

B d , with one anterior and one posterior flagellum. Smears were made
and stained with Giemsa after osmic vapour, and iron haematoxylin

after Schaudinn's sublimate alcohol, and in examination showed, that

the Bo do possessed a large deeply staining body situate near the base

of the flagella (figs. 9—13). With Giemsa the large nucleus stained

distinctly red, while the elongated body at the base of the flagella takes

on a very dark lilac or purple colour. Besides these bodies, chromatic

granules are constantly present, and vacuoles are seen in some cases.

The specimens stained with iron haematoxylin similarly show a very

clear vesicular nucleus with a large karyosome, a darkly staining elongated

body at the base of the flagella and numerous irregular staining granules.

The^ length of the iron haematoxylin specimens is about 6 n, but those

fixed with osmic vapour and stained with Giemsa are larger and seem

to be flattened out. No clear division stages are to be found, and the

basal granules of the flagella are not obvious.

It would seem that this organism is a form of Prowazekia
discovered by Hartmann and Oh a gas (4) in a culture of human
faeces in Brazil, and also found free-living by Nagler (7), and in the

human intestine by Mathis and Leger (6). Alexeieff (1) has ob-

jected to the creation of a new genus, asserting that Prowazekia is

really Bodo, and that the chromatic mass at the base of, the flagella

is not nuclear in structure or behaviour, and at the same time he says

of Hartmann's group, the B i n u c 1 e a t a. "C'est un groupement
purement theorique et Hartmann a tort de vouloir I'introduire en

systematique," In a later paper (2) however, he describes the behaviour

of the body at the base of the flagellum, in an organism identified by

him as Bodo caudatus, at the time of division as resembling a

nucleus in process of division and this view must be taken as modifying

his previous statements regarding the non-nuclear character of this body

in Prowazekia, although he himself persists in regarding Prowa-
zekia as a nomen nudum. A typical Bodo, according to Prowazek
(9), may have such a body, but he did not consider it nuclear in cha-

racter, naming it simply ^GeiCelsackchen". At present therefore, the

distinction between Bodo and Prowazekia is somewhat uncertain in

character, and it is possible that many organisms previously described

as Bodo will ultimately prove to be Prowazekia.

The rarity of these two parasites of flies described above seems to

point to a casual infection, due to the well known propensity of flies to

settle on any decomposing material, and it may be as well to remember
in this connection that Microsporidia found in Stegomyia were
stated to be the connected with yellow fever, though this has been denied

by later workers, while at least two species of Prowazekia are found
in human faeces.

September, 1911.
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Explanation of figures.

All figures were outlined with the aid of Abbes Drawing Apparatus.

I. Thelohania ovata.
Fig. 1. Trophozoite (meront) with five nuclear masses. X^OOO.
Fig. 2. „ „ budding off uni-nucleate bodies. X^OOO.
Fig- 3.

., » „ „ „ V X1250.
Fig. 4. Binucleate meront, with nuclei again dividing. X^OOO.
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b'ig. 5. Meront or (?) sporont, with four nuclei. X-000-
Fio-. 6. Eight developing sporoplasts, scattered owing to bursting of sporont

wall. XIOOO.
Fie 7. Eight macrospores in sporont. X 1250.

Fig. 8. Group of microspores. X 1000.

II. Prowazekia sp.

Fie. 9. Prowazekia sp. — Osmic vapour-G i em s a. X2000.
Fig. 10. „ „ „ „ „ X2000.
Fil. 11. „ „ „ „ „ X2000.
Fio-. 12. „ „ Corr.-alc-Iron haem. X2000.
FiS. 13. „ „ „ „ „ X2000.
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Note on the probable formation of adrenaline in the animal
body. By Casimir Funk.

Some months ago theauthor prepared the 3-4 dihydroxyphenylalanine

OH
OH,-

"

.'CH.,—CH—COOH

NH^
(which is probably present in small quantities in proteins) with the

intention of ascertaining whether it might possibly be the precursor of

adrenaline
OH

ohX\|
'n^'CH—CHo—NH—CH3

OH
Experiments showed that the compound had practically no action

on the blood-pressure and was without any marked toxic power when

injected. As many other catechol derivatives show very marked toxic

and vaso-constricting actions, it appears probable that the presence of

the side chain causes this difference in action.

Experiments were carried out to ascertain if adrenaline could be

obtained from the 3-4. dihydroxyphenylalanine by incubating with

suprarenal glands, but gave negative results. A negative result was

also obtained when the compound was incubated with a mixture of

suprarenal glands, liver and pancreas, it being thought that possibly the

transformation to adrenaline might take place in several steps in different

organs.

The experiments do not prove that this substance is not a precursor

of adrenaline, since the first stage in the formation of the latter may
take place in the intestine, and may be of a similar nature to the

transformation in the intestine of tyrosine

OH,'

'CH,—CH—COOH

NH2
into p-hydroxyphenylethylamine

OH-
I^CH,-CH, (XH,)





[Beprinted from the Journal of Physiology,

Vol. XLIII. No. 5, December 22, 1911.] i

ON THE CHEMICAL NATURE OF THE SUBSTANCE
WHICH CURES POLYNEURITIS IN BIRDS IN-

DUCED BY A DIET OF POLISHED RICE. By
CASIMIR FUNK.

{From the Bio-chemical Department, Lister Institute of

Preventive Medicine.)

As a result of the work of a number of observers (Eykman(i),

Gryns(2), and Fraser and StantonO)) it has been shown that the

cortical layers of rice contain a substance which cures beri-beri in man

and the polyneuritis which is produced in birds by feeding them on

polished rice.

The present inquiry is directed to determine the chemical nature

of the curative substance.

The experiments were carried out on pigeons of which a large stock

was kept. Polyneuritis was induced by feeding on ordinary polished

rice. The average time before the onset of symptoms was three weeks.

The presence or absence of the active principle in the different

fractions, obtained during the investigation of rice-polishings, was

determined by administering them to pigeons already severely affected

with polyneuritis and observing the result. The condition of the birds

at the time of the tests was such that untreated they succumbed within

12 hours.

It may here be mentioned that the extracts, if given in too large

a dose, were poisonous. This, as will be shown later, was due to the

presence of choline which accompanied the active principle until the

final stage of the separation. The poisonous action can be avoided by

giving a dose calculated on the quantity of polishings used. With

suitable doses passed into the crop by a tube, the pigeons recovered in

6-12 hours. Often, even after three hours the bird seemed quite well.

One symptom of polyneuritis in pigeons is paralysis of the crop and

the birds being also generally paralysed the dose administered is very

likely to run out again unless the head is supported. A further

possible source of error occurs when the crop is not completely paralysed

as the bird can vomit the material.
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In more chronic cases of polyneuritis although recovery takes place

and the animal feeds normally and appears well some amount of

lameness persists due to degeneration of nerves. The pigeons which

recovered after having received one dose of active substance were again

fed on polished rice. Under these circumstances they showed symptoms

of the disease for the second time in from 3 to 12 days according to the

dose administered,

Extraction of rice-'polishings. The method of extraction adopted

was a modification of that used by Eraser and Stanton and gave a

better yield than is obtained by their procedure. Since the amount of

curative substance present in the rice-polishings is really very small, a

quantity of substance amounting to 54 kilograms was used. This was

exhausted in separate portions of 1^ kilograms each with 4 litres of

alcohol containing gaseous hydrochloric acid to the extent of 2-5 "/o-

The extraction was hastened by the use of the shaking machine and the

liquid afterwards filtered by means of a large Buchner funnel. The

residue was pressed out in a hydraulic press and the liquid obtained

atiraed to the original filtrate. The yield of alcoholic extract obtained in

this way was 3^ litres for each portion treated.

Investigation of alcoholic extract. The alcoholic extract was evapo-

rated in vacuo at 30° C. and 347 grammes of a fat-like substance

obtained from each 3^ litres. This residue was melted at 50° C. and

heated with 1 litre of water on the water bath ; it was then filtered at

a temperature of 38° C.—40° C. The filtrate obtained formed two

layers which were separated by decantation, and the aqueous layer

extracted three times with ether in order to remove all fatty substances.

This aqueous solution contained no proteins and gave none of the known

reactions for amino-acids (Millon, glyoxylic acid, bromine, xanthoproteic

diazo- and diacetyl-reaction).

When tested on pigeons suffering from polyneuritis it was found

to be effective in doses corresponding to about 20 grammes of the

original polishings.

Treatment of fraction soluble in water with phosphotungstic acid.

The total aqueous extracts were now combined and amounted to 17 litres.

After adding sufficient H2SO4 to give a 5 7o solution the acid liquid

was treated with a 5 % phosphotungstic acid solution and left to stand

overnight. The precipitate obtained weighed when dry 900 grammes.

The filtrate freed from phosphotungstic acid by means of Ba(0H)2

was tested and found ineffective ; it still contained traces of nitrogen.

The phosphotimgstic acid precipitate was washed with 5 "/o H2SO4,

then ground up with Ba(0H)2 in a mortar and after the addition of

H2O shaken for three hours. The barium phosphotungstate precipitate
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was fihered off and washed thoroughly with water. Air was passed

through the alkaline filtrate to get rid of ammonia and the excess of

Ba(OH)o carefully precipitated by means of H0SO4 and separated. The

filtrate which was still very alkaline with a strong methylamine smell,

was quickly neutralised with HCl and evaporated in vacuo at ordinary

temperature. On extracting the residue with absolute alcohol a

considerable portion remained behind ; this was found to consist mostly

of inorganic chlorides and amounted to 21 grms. The solution thus

obtained was freed from alcohol and was tested on six fowls and found

to be effective in doses corresponding to about 40 grms. of the original

rice-polishings. The solution was free from proteins, phosphorus and

carbohydrates.

Treatment with mercuric chloride. In the next stage of purification

mercuric chloride was used. The alcoholic solution described above

was treated with an alcoholic solution of mercuric chloride and after

standing in the cold for some time the crystalline precipitate obtained was

filtered off and washed with cold alcohol. The weight of this pre-

cipitate was about 45 grms. and by partially evaporating the alcoholic

solution 5 grms. more were obtained. The 50 grms. of mercury salt

was recrystallised from water containing some mercuric chloride and

42 grms. of needle-like crystals obtained. Three portions composed of:

(1) Crystalline substance, (2) Aqueous filtrate, (3) Alcoholic filtrate,

were therefore obtained in treating with mercuric chloride as indicated

in the following table

:

Alcoholic solution of
]

/alcoholic filtrate (3)

extract treated with - =
mercuric chloride ) \ppt. of crystals which

]
/H.iO filtrate (2)

on recrystallising V
='

from H.,0 gave J
\ crystalline substance (1)

These three portions were now investigated separately.

(1) Treatment of the crystalline substance. This substance was

suspended in H.O and decomposed with H3S. The Hg-free liquid

proved effective in curing pigeons when administered in doses equivalent

to about 100 grms. of the original polishings.

As some preliminary experiments showed that the bulk of the above

crystals consisted of choline, an aqueous solution was made and treated

with AgNOa in the presence of Ba(0H)2. This reagent does not

precipitate choline but a small precipitate was obtained which was

decomposed by H2S and tested on one pigeon with positive result.

The filtrate of the AgNOj and Ba(0H)2 precipitate was proved to

be without effect.

(2) Treatment of mercuric chloride aqueous filtrate. This filtrate

was decomposed by H^S, the precipitate filtered off and the liquid
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evaporated in vacuo. The residue was dissolved in alcohol and

fractionated by consecutive additions of an alcoholic platinic chloride

solution. In this way eight fractions of a platinum chloride salt were

obtained. All these were devoid of curative properties and were found

on analysis to consist of choline.

•1718 grm. substance gave '0544 Pt.

•2310 grm. „ required 7^5 c.c. N/10 H2SO4 (Kjeldahl),

i.e. 31-66 Vo Pt and 4-54 "/o N.

(CsH.NOCOo . PtCl, requires 3r65 »/o Pt and 4-54 "/o N.

The alcoholic filtrate from the last platinum chloride precipitate was

evaporated in vacuo, the residue dissolved in H„0 and the platinum

eliminated by H„S. This solution was given to two pigeons and found

effective in doses corresponding to 40 grms. of polishings.

As the platinic chloride salt of choline is known to be very insoluble

and the choline itself was proved to be ineffective, it was thought that

another base must be present in the filtrate. Mercuric chloride was

again added but in this case no insoluble salt was formed ; it would seem

tliat the active substance is but partially precipitated by mercuric

chloride and then only in the presence of some other substances such as

choline. An attempt to form a picrate was equally unsuccessful. These

points suggested that the curative substance was probably present in all

the mercuric chloride fractions and curing experiments proved this

surmise to be correct.

Since it was difficult to find a suitable precipitant for the active

substance phosphotuugstic acid was again used. By this means 14 grms.

of a crystalline pliosphotungstate were obtained. This salt, which was

entirely insoluble in H2O, was recrystallised from dilute alcohol ; in this

way 1^1 grms. of a crystalline substance composed of five and six sided

prisms were obtained. This substance gets black when heated to 200° C.

and does not melt at 300" C. It contains 1'59 "/o of nitrogen after

drying in vacuo at 110° C. Half a gram of this substance was

decomposed with baryta and the excess of barium removed by COo.

On administering the filtrate to two pigeons suffering from poly-

neuritis they quickly recovered. Since each dose contained only 4 mgrs.

of nitrogen it is evident that a very small amount of the substance is

effective.

As the amount of this substance obtained was insufficient for further

analyses it is at present impossible to say anything with regard to its

chemical nature.

(3) Treatment of mercuric chloride alcoholic filtrate. This filtrate

was evaporated in vacuo and the residue extracted with water. On
removing the Hg by means of H2S a fluid was obtained which was



SUBSTANCE CURING BERI-BERL 399

effective in curing pigeons. Chlorine was removed from the liquid by

Ag2S04, the Ag eliminated by HgS and the H2SO4 by means of Ba(OH)o.

To the alkaline solution was added AgNOj and Ba(0H)2 as loDg as

a precipitate continued to form. The precipitate, which was at first

white but on standing became brown, was washed with water and

decomposed by H2S. A very dilute solution of H2SO4 was used to

remove the last traces of barium and the filtrate was then tested on

eight pigeons and found effective. The AgNOs + Ba(0H)2 filtrate was

freed from silver by hydrochloric acid and from barium by sulphuric

acid ; on testing it was found inactive.

The solution of the decomposed Ag salt was evaporated in vacuo and

an endeavour made to crystallise the residue from dilute alcohol, but no

crystals formed at first though some were obtained after the solution

had been kept in a vacuum desiccator for some time. These crystals

which consisted of long microscopical needles proved by their reactions

with brucine and diphenylamine to be the nitrate of a base. They gave

no reaction for substances such as Arginine, Histidine, Carnosine, and

Creatinine which from their chemical behaviour might be present in

this fraction. They left no residue on burning and melted at 233° C.

This high melting point does not correspond with any of the nitrates of

the known bases which might be present in this fraction. The product

of the first crystallisation weighed 0"25 grm. and the second O'lo grm.

The crystals contained nitrogen and were free from Ba, Ag, CI, and

H0SO4. They were insoluble in cold water and in alcohol but dissolved

with difficulty in hot water. They gave the following results on analysis^

after being dried at 110° in vacuo.

1481 grm. substance gave -3021 grm. COo and -0706 grm. H2O.

•0878 grm. „ „ 5-9 c.c. N (moist) at 749 m.m. and 16°.

Found 55-63 "/o C.

„ 5-29 Vo H.

„ 7-68 VoN.

These figures correspond best to the formula C17HJ8O4N (HNO3) for

which following figures are required :

56-16 Vo C.

5-28 7o H.

7-71 Vo N.

^ By the time my work had reached this stage my material was nearly exhausted and

only just enough for one analysis of carbon and nitrogen was available. I therefore asked

my friend Dr Nierenstein, Lecturer in Biochemistry in Bristol, who at the present time

is in constant practice in organic analyses, to undertake the determinations for me. Dr

Nierenstein has been good enough to do this and I beg to express here my gratitude

for his kindness.
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Although the active substance has been definitely identified with

the Ag salt obtained by precipitating with AgNOs in presence of baryta,

the proof of activity of the nitrate obtained from this Ag salt and which

was the salt submitted to analysis is less conclusive, as by this time the

exhaustion of the material permitted of but four experiments, three of

which were successful and one failed to cure the bird. For the same

reason it was not possible to investigate further the chemical reaction

of the substance but attempts to obtain by extraction of more raw

material the active substance from other food-stuffs are in progress.

In conclusion I wish to express my thanks to Dr Leonard Braddon

of Seremban (F.M.S.) for kindly supplying the necessary rice-polishings.

Summary.

(1) Polyneuritis of birds as shown by Eykman, Gryns, Fraser

and Stanton, is due to the lack of an essential substance in the diet.

"Jhe substance is only present in minute amount, probably not more

than *1 grni. per kilo of rice.

(2) The substance which is absent in polished rice and is contained

in rice-polishings is an organic base which is completely precipitated by

phosphotungstic acid and by silver nitrate and baryta. It is partially

precipitated by mercury chloride in alcoholic solution in the presence of

choline and is not precipitated by platinum chloride in alcoholic solution.

Reasons for provisionally regarding the active substance as a body

giving a crystalline nitrate which has the percentage composition of

55-63 Vo C, 5-29 % H and 7-68 */„ N are adduced, but as by the time the

search had approached the final stages the material becatne exhausted

;

duplicate analyses could not be made and but few animal experiments

performed.

The chemical nature of the curative substance could not be further

investigated immediately but larger quantities of raw material are being

worked up.

(3) The curative dose of the active substance is small ; a quantity

of substance which contains 4 mgr. of nitrogen cured pigeons.
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THE EFFECT OF A DIET OF POLISHED RICE ON
THE NITROGEN AND PHOSPHORUS OF THE
BRAIN. By CASIMIR FUNK.

{From the Bio-chemical Department, Lister Institute

of Preventive Medicine.)

In my previous paperci) I described the method for isohition from rice-

pohshings of a substance which cured polyneuritis in birds. The basic

character of this substance and its occurrence in that fraction soluble in

alcohol suggested the idea that the substance might be a constituent

base of a lipoid or cerebroside(2). The basic constituents of lipoids have

received little attention hitherto, but MacLean(3) has found that in

certain lipoids about 60 -/o of the total nitrogen belongs to a base other

than choline. From the severity of nervous symptoms in beri-beri and

the increased secretion of nitrogen and phosphorus in the urine of beri-

beri patients it seems probable that the symptoms may be due to a

destruction of lipoids in the body, especially in the nervous tissues.

As a preliminary to investigating normal brains for the presence of

such a base (this work being now in progress), experiments were made

to ascertain whether any differences could be detected between the

contents of nitrogen and phosphorus in the brains of normal pigeons and

in those suffering from polyneuritis. Similar investigations have been

carried out on the phosphorus content of brains of pigeons suffering

from polyneuritis by Schaumann(4) who employed a slightly different

method, but he was unable to find any differences chemically from

normal brains.

Another point of interest Avas to determine the total nitrogen

content of the brain in polyneuritis pigeons and to find the relationship

between this and the nitrogen contained in a dose of the substance

sufficient to cure. In previous experiments I have found that a very

small dose (4 mgr.) of the basic substance was sufficient to cure.

Schaumann(5) in a recent discussion on this subject suggested that the
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substance therefore may act as a hormone. The average nitro<yen

content of a pigeon's brain suffering from polyneuritis was found to be
about 33 mgr. and as the substance probably acts on the nervous
tissue, the relation between the nitrogen content of the curative dose
and the total nitrogen content of the brain appears too large to agree
with Schaumaun's hormone theory.

The brain of normal pigeons was found to contain on the average
9-77 Vo nitrogen and 1-84 7o phosphorus and that of birds suffering from
polyneuritis 9-31 "/o nitrogen and 1-.53 Vo phosphorus. These figures

correspond to a loss of a larger proportion of the phosphorus than of the
nitrogen of the brain, which might be expected if the disappearing
substance were of a lipoid nature. This marked difference leads to the

conclusion therefore, that polyneuritis is caused in the first place by a lack

in the food of this basic substance which is necessary for the normal
metabolism of the nervous tissues. As the result the lipoids of the
medullary sheath within and without the central nervous system are

more or less disintegrated. On the other hand the analysis of the brain

of cured pigeons (Table III) killed 24 hours after the cure shows that
the resumption of function in the axis cylinder is not immediately
followed by reparation in the medullary sheath.

Experimental. After the pigeons were killed the brain was taken
out directly and dried in a vacuum desiccator. The dried organ was
finally powdered and dried at room temperature in vacuo to constant
weight, and the nitrogen and phosphorus determined by the usual
methods. The cured pigeons (Table III) were cured by different

fractions of the milk- and yeast-lipoid and fractions from lime-juice^ and
killed 24 hours after the cure. Underfed pigeons were used as controls

(Table IV) and were fed on 5 grm. maize daily until they lost between
17 and 27 7o of their body weight. As shown, no appreciable loss of

nitrogen and phosphorus in these brains was observed.

Summary.

In polyneuritis of birds produced by a diet of polished rice, the
analysis of the brains shows a sensible diminution from the normal of

nitrogen and phosphorus content, in a proportion which suggests a
breakdown of the lipoids of the brain.

1 The preparation of the extracts employed in Table III will be described in a later

conununicatioD

.
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THE ETIOLOGY OF THE DEFICIENCY
DISEASES.

BERI-BERI, POLYNEURITIS IN BIRDS, EPIDEMIC DROPSY, SCURVY,
EXPERIMENTAL SCURVY IN ANIMALS, INFANTILE SCURVY,'
SHIP BERI-BERI, PELLAGRA.

BY

CASIMIR FUNK, Ph.D.

The diseases mentioned above present certain general characters

which justify their inclusion in one group, called deficiency diseases.

They were considered for years either as intoxications by food or

as infectious diseases, and twenty years of experimental work were
necessary to show that diseases occur which are caused by a

deficiency of some essential substances in the food. Although this

view is not yet generally accepted, there is now sufficient evidence

to convince everybody of its truth, if the trouble be taken to follow

step by step the development of our knowledge on this subject.

This article is written with the intention of giving a summary of

the modern investigations, and by means of a careful selection of

references to facilitate the research for anybody who wishes to

read the original literature. This careful selection was absolutely

necessary, for there is perhaps no other subject in medicine where

so many contradictory and inexact statements were made, which

instead of advancing the research retarded it by leading investiga-

tors in a wrong direction.

The deficiency diseases break out in countries where a certain

unvarying diet is partaken of for long periods. When this food

happens to be deficient in a substance which is necessary for the

metabolism, we have the real conditions for the outbreak of this

type of disease. From this point of view it is surprising to see

peasants in Eussia and in other countries, who live on potatoes,

cabbage, and a little bacon nearly exempt from these diseases ; it

will be seen later, however, that this one-sided food contains

apparently all the protective bodies which are necessary.

All these diseases present some general characters, which may

be sketched here. The most prominent symptoms are a general

cachexia with an enormous loss of weight ;
marked nervous

symptoms are often present, which are due probably to the
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degeneration of the peripheral nervous system. It is now known
that all these diseases, with the exception of pellagra, can be pre-

vented and cured bj' the addition of certain preventive substances;

the deficient substances, which are of the nature of organic bases,

we will call " vitamines "
; and we will speak of a beri-beri or scurvy

vitamine, which means a substance preventing the special disease.

As regards the classification two different groups present them-

selves : the beri-beri group and the scurvy group. The ins^estiga-

tions made on pellagra, however, have not yet resulted in a sufficient

elucidation of its etiology to establish it as a deficiency disease and

it is included here provisionally owing to its similarity in some

respects to the other diseases mentioned.

9 The Beri-beri Group.

To this group, which is characterized by more or less distinct

neuritis symptoms, belong beri-beri, polyneuritis in birds and

epidemic dropsy. Beri-beri occurs in countries such as Japan,

Malay States, Philippine Islands, Indo-China, &c., where rice is

used as a staple diet. This diet, however, must be eaten for long

periods (six to seven months) to produce the disease. The
symptoms which are described in most of the textbooks of tropical

diseases (1) present several distinct types, which can be shortly

summarized as follows. In most cases the patients lose enormously

ill weight, and very often suffer from oedema, contractions, paralysis

and paia^sthesia in the limbs. Pathological changes have been

found such as degeneration in the nerves and heart. The disease,

in most of the acute cases, terminates fatally. It has often been
stated that sometimes the patients recover without any treatment.

It is most probable in this case that the recovery is associated with

some very important changes in diet. The investigators who have
suggested a causal connection between beri-beri and an exclusive

diet of rice are Wernich [2] and van Leent [3]. Acting on these

ideas Takaki [4] was able by a change of diet (addition of meat)
practically to eradicate this disease from the Japanese navy.

Eykman [5] and his collaborator Vordermann [6] (especially the

latter) came to the conclusion, based on an investigation in 101

jails in Java made in 1895-1896, that the disease has a distinct rela-

tionship to the continuous consumption of decorticated (polished)

rice. This statement was confirmed on a very large scale by
Braddon [7], who found that natives (such as Indians, Tamiels)
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who use parboiled (cured) rice, which has been previously steamed
to remove the pericarp, were not in danger of contracting the

disease. Finally Fraser and Stanton [8] confirmed the results

of the previous workers especially as to the harmlessness of par-

boiled rice.

The next step in Eykman's [9] investigation, established the

important fact that birds (fowls, pigeons, ducks) when fed on
polished rice developed a disease which he called polyneuritis

galhnarum. The birds lose considerably in weight, and after three

to four weeks, contract a disease which is very similar to human
beri-beri. He also found that it was not possible to induce the

disease with rice containing the pericarp or that part of the pericarp

which is called the silver-skin by the Dutch authors. This most
valuable observation facilitated enormously the further experi-

mental research, and really started the experimental investigation.

Eykman, in endeavouring to explain the origin of the disease,

arrived at the conclusion that food rich in starch, like rice or starch

itself, produced a substance in the intestine (pp. 526 and 527), which

acted as a poison on the nerve-cells. He was, further, able to show
that the silver-skin is richer in nitrogen than any other part of rice,

and contains an antidote for the starch poison. He also stated

[10] that the aqueous extract from rice-polishings (silver-skin)

cures after the elimination of phytin, and that the protective sub-

stance dialyses and is not precipitated on alcohol. Gryns [11]

confirmed Eykman's results, and to him belongs the credit of being

the first worker to adopt the deficiency theory for the explanation

of the etiology of this disease. He says clearly that the disease

breaks out when a substance necessary for the metabolism of the

peripheral nervous system is lacking in the food. He has discovered

similar protective substances, in katjang-idjoe beans (Phaseolus

radiatus) and meat, and show'ed that these foodstuffs lose their pro-

tective power when heated to 120° C. These heating experiments

which were of great importance for the further knowledge of

deficiency diseases were confirmed by Eykman [10] . Breaudat

[12] used rice-polishings as a remedy in cases of human beri-beri

and obtained very good results. Fraser and Stanton [13] tried to

characterize more closely the protective substance, and have found

that it is soluble in strong alcohol and that this solution is effective

after the elimination of alcohol-soluble proteins. From an analysis

of different rices which induced beri-beri, they came to the
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conclusion that a valuable practical indication as to whether the

rice is harmful or harmless is its content of phosphorus. They found

that the less the phosphorus content, the more liable it is to cause

disease. On this basis Schaumann [14] constructed a theory, the

phosphorus-deficiency theory, which he extended to other deficiency

diseases such as scurvy and ship beri-beri, and which suggests that

these diseases are due to a deficiency of certain organic phosphorus

compounds in the food. With sHglit modifications he still holds

this view.

During the last two years a quick succession of papers appeared

which deal with the isolation of the protective substance from the

different foodstuffs. Hulshoff Pol [15] found that an aqueous

extract of Katjang-idjoe beans still retained its curative properties

after ^the precipitate, obtained with lead acetate, was removed.

From this filtrate he obtained a crystalline substance, called by him

X-acid ; he did not, however, show that this substance was actually

capable of curing the disease. Schaumann [16], who added yeast

to the series of curative substances, tried the different known
constituents of yeast, such as yeast nucleic acid and lecithin,

without, however, obtaining satisfactory results. Lately it was

shown by Eykman [17] that the protective substance in yeast is

soluble in 88 per cent, alcohol. Before this paper appeared the

writer^ tried to extract yeast completely with alcohol. The ex-

periments failed, however, only a small part of this substance being

extracted by this process, and even after repeated boiling for several

hours with alcohol the extracted yeast still retained its curative

properties. This shows that the bulk of the substance is present

in the yeast in a combined state. Teruuchi [18] extracted rice-

polishings with weak hydrochloric acid, and, after neutralizing to

remove phytin, the solution was evaporated and extracted with

alcohol. The solution obtained in this manner was active, although

it contained only a small part of the total phosphorus content.

Similar results were obtained by Chamberlain and Vedder [19],

and Shiga and Kusama [20]. The latter have found that the

protective substance of the rice-polishings is destroyed at 130'^ C.

in 0"5 per cent, hydrochloric acid, or in 1 per cent, sodium carbonate

solution, but not at 100° C. The rice-polishings being particularly

rich in phytin, Aron and Hocson [21] performed some experiments

' Kotes not yet published.
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with this substance, and claim to have obtained satisfactory results.

Their statements, however, are in discordance with those of Eykman
{loc. cit. [11]), and could not be confirmed by Schaumann (loc. cit.

[16]), and Cooper and Fank [22]. Kilbourne [23] suggested that the

deficient substances might be salts, especially potassium salts, with-

out, however, giving any experimental support to his theory.

In spite of all this experimental evidence which classifies beri-

beri beyond any doubt as a deficiency disease, Kohlbrugge [24]

lately isolated a micro-organism from rice, which he calls B. oryzce.

The culture, when injected into fowls, was capable of producing

polyneuritis in five days. The weak point of his theory is his

explanation of the efficiency of rice polishings in preventing the

disease. He states that the B. oryzce produces a special kind of

fermentation, which is stopped by the acid formed from rice-

polishings. The epidemical occurrence of beri-beri suggested to

many authors that infection is the real cause. It has been stated

that by transferring patients from one pavilion to another they

suddenly recovered. A careful inquiry showed, however, that this

transfer was associated either with a change in diet or with a

change in the cooking apparatus.

Summarizing our knowledge till 1911 of the chemical nature

of the protective substance from the rice-polishings, we find the

following w^ell-established facts :

—

(1) The substance is soluble in water, in alcohol, and in acidu-

lated alcohol.

(2) The substance is dialysable.

(3) It is destroyed by heating to 130' C.

(4) Is neither a salt nor a protein.

We see, therefore, that our knowledge of the chemical nature

of the substance was very small. This was the state of the subject

when I began my experiments in the middle of 1911, first in

collaboration with Cooper {loc. cit. [22]), and afterwards by myself.

The first problem which had to be settled was to ascertain to

what class of chemical bodies this peculiar substance belonged,

and whether it was a complicated compound or one of a com-

paratively simple structure. Is it easily destroyed by chemical

manipulations ? This last condition was a sine qua non for further

chemical investigation.

By a series of experiments with yeast it was possible to show
that dried, pressed yeast hydrolyzed for twenty-four hours with
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20 per cent, siilpburic acid still retained its curative properties.

Based on this remarkable stability in acid solution I came to the

conclusion that the curative substance might be one of the nitro-

genous substances, which are precipitated by phospho-tungstic acid,

and that it is of a simple chemical nature. A systematic investiga-

tion of rice-polishings was then started on these lines (loc. cit. [25]),

and very satisfactory results were obtained. The different fractions

separated during this investigation were tested on pigeons which

were suffering from polyneuritis induced by a diet of polished rice.

These pigeons presented very marked symptoms consisting of

cachexia, weakness of the wings and legs, and a peculiar spastic

paralysis of the neck, which in many cases caused the head to be

bent back towards the tail of the animal. Left to themselves

pigeons in this condition died as a rule in less than twelve hours.

The various fractions obtained during the numerous manipulations

were introduced by means of a syringe into the crop. The method
used is shortly summarized as follows : The polishings were ex-

tracted on a shaking machine for several hours, with absolute

alcohol partially saturated with gaseous hydrochloric acid. After

removal of the alcohol in vacuo a fatty residue remained, which

was melted and extracted with water on the water-bath ; the

aqueous fraction was then separated off in a separating funnel in

the hot chamber at 37^ C. This aqueous solution, which was
capable of curing pigeons, was precipitated with phospho-tungstic

acid. The separated phospho-tungstate precipitate was decomposed
with baryta, and the solution, after removing the excess of baryta,

tested on pigeons. Here the first experimental difficulty occurred.

It was at first impossible to ascertain the quantity necessary for

curing pigeons. In my first experiments too large a dose was
administered, and the pigeons died in a few minutes with marked
toxic symptoms. We will see later that this was due to the

presence of choline. This difficulty can be avoided by calculating

the dose on the quantity of polishings used. We know that

20 grm. of rice-polishings or the aqueous extract of this contains

sufficient substance to cure pigeons. All the later fractions were
administered in doses corresponding to the amount of original

polishings necessary to cure, a small allowance being made for

unavoidable losses due to the necessary manipulation. The above-

mentioned solution was totally free from phosphorus, proteins and
carbohydrates. This fact simplified the chemical task considerably.
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and indicated at the same time that the essential substance was
of basic nature. This fact spoke against Schaumann's phosphorus
deficiency theory, for it was clearly established for the first time
that cures could be effected by solutions which contained no phos-

phorus. Since the filtrate from the phospho-tungstic acid precipi-

tate was shown to be entirely devoid of action, the whole of the

curative _ substance must have been in the precipitate. This

precipitate appeared to be very simple from the chemical stand-

point, as only potassium and choline could be detected. By pre-

cipitation with gold- and platinic-chloride no other basic substances

could be detected, and experiments showed that choline was devoid

of action. After removing all the choline by means of platinic

chloride in alcoholic solution, the filtrate still retained its curative

properties. The presence of another basic substance was therefore

inferred, and various reagents were used to precipitate the latter.

After many trials it was found that the substance could be pre-

cipitated by means of silver nitrate and baryta. The silver salt

obtained proved to be curative, and by decomposing a crystalline

substance was obtained, which melted at 233° C. The analysis

of this compound led to the formula Ci^H.^oNgO,. The un-

saturated nature of this compound would explain very well its

physiological instability in heating experiments. So far the few

experiments performed have shown that this substance seems to

be the curative agent, ^,nd for purpose of simplicity I would propose

to call it provisionally beri-beri vitamine. The method of frac-

tionation is indicated in the following table :

—

Fatty substances

Rice-polishings |
> aqueous solution > phospho-tungstate-filtrata

"^

phospho-tungstate precipitate > potassium chloride

I +Y mercury chloride > choline

(silver nitrate and baryta)

beri-beri vitamine

The yield of vitamine was extremely small. From 1 kg.

polishings only ^ grm. of crystalline substance was obtained.

This is the chief experimental difficulty in the research. It is

hoped, however, that an extraction on a very large scale will give

the opportunity of investigating this most interesting substance

more closely.
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The dose of the crystalHiie vitamine necessary for curing

pigeons was very small. Such a minute dose as 40 mg. of the

substance was not only sufficient to cure a pigeon in a very short

time—often in three hours—but also maintained the cured animal

in health for periods varying from seven to twelve days, when

pohshed rice was used as food. After this time symptoms of the

disease again manifested themselves,

Schaumann [26] expressed the idea that the curative agent

acts only as an activator, and that besides this a substance of a

phosphatide nature is necessary. He thinks that these minute

quantities cannot be considered as food, but can only act as

hormones. This can be settled by direct investigation. It is

necessary to perform experiments on pigeons fed on polished rice

with the addition of vitamme. These experiments will be

performed when a sufficient quantity of pure substance is obtained.

With the discovery of this substance it was possible to try to

explain the action of these protective substances. It is surprising

how rapidl}' the nervous symptoms disappear after the administra-

tion of vitamine. This naturally suggested that this substance is

wanted for the metabolism of the nervous tissues and has some

connection with cell lipoids. It was therefore thought useful [27]

to compare the contents of nitrogen and phosphorus in the brains

of pigeons fed on polished rice with that of normal pigeons. This

investigation [28] showed that the brain of the polyneuritis

pigeons was sensibly poorer in nitrogen and phosphorus compared

with the normal oneSj a fact which suggests a degeneration of the

brain lipoids. Palladino [29] has shown recently that the same

happens in the brain of starved dogs. It is interesting to mention

here that Chamberlain, Bloombergh, and Kilbourne [30] have

sometimes observed marked neuritic symptoms in starvation in

birds. It is not surprising that in starvation the same deficiency

occurs, but it is probable that very often the general weakness

develops before the neuritic symptoms have time to appear. As a

matter of fact, by using the_ voluntary feeding method instead of

forced feeding I often noticed that the pigeons refuse to eat

anything in the last period and soon show characteristic neuritic

symptoms. Coming back to the chemistry of brain, I was surprised

at the small normal nitrogen content of pigeons' brains. The
relationship between the nitrogen content of the administered dose

and the total nitrogen of the brain, or even of the total lipoid
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fraction of the body, is so small that we might eventually consider

the vitamine as a specific food supply for this special kind of

tissue.

In search of foodstuffs which would give a better yield of

vitamine other substances were investigated, and bodies capable of

curing beri-beri could be detected in milk, yeast, ox-brain and

lime-jnice (see under Scurvy). The method^ used here was

analogous to that used in the case of rice-polishings. The cure

with fractions obtained from ox-brain was so unexpectedly quick

that it seems possible that the substance contained in brain is

ready for use. It is obvious from the statements of previous

workers that similar substances are present in vegetables, cereals

and meat. It is interesting to note that the vitamine can be

extracted from all these substances by means of alcohol. However,

in the cases investigated by me the vitamine could be extracted

from the alcoholic residue with water.

Another problem as to the form in which the vitamine is

present in the food presents itself here. Is it in the form of a

lipoid and split off by simple contact with alcohol, or is it only

absorbed to the lipoid fraction ? This interesting question requires

further consideration. Even if the vitamine is combined in a

lipoid molecule, it is not necessary to accept Schaumann's view.

As long as the organism is in a healthy state it does not matter,

according to the usually accepted conception of the breaking down

of food into simpler products in the intestine, whether it gets a

supply of a lipoid or of vitamine itself.- As the phosphoric acid

is present in polished rice in large quantities and fatty acids can

be eventually built from carbohydrates, the organism could easily

synthetize its own lipoid. If the lack of vitamine occurs and the

body is not able to synthetize this, and must get it ready from

plants, then deficient metabolism ensues and death results. It

was stated by Schaumann {loc. cit. [26]) that yeast cures better

than anything else tried up to now. I suppose that in a state of

general cachexia the synthetical power declines. Here the daily

supply of vitamine to the deficient food will elucidate this problem

entirely.

The author's view on the cause of beri-beri may be summarized

' Not yet published.

2 Compare here the paper by FingerUng [31], who finds that the organism is

even able to use inorganic phosphates for the sj-nthesis of Hpoids.
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as follows (the physiological importance of the vitamine will be

discussed in the last chapter). Judging from the manifest nervous

symptoms, the fatty degeneration in the nerve-cells, and the above-

mentioned chemical changes, I am inclined to think that vitamine

is necessary for the metabolism of the nervous tissue. The lack of

vitamine in the food forces the animal to get this substance fropa its

own tissues. The result is an enormous loss of weight. After this

available stock begins to be scarce there is a consequent breaking

down of the nervous tissue, with the result that nervous symptoms,

such as are observed in beri-beri, manifest themselves.

In the beri-beri group of deficiency diseases we may include

epidemic dropsy, which is called by the French authors the wet

form^pf beri-beri. This disease occurs in India, and Grieg's [32]

investigation suggests that it is due to the same cause as beri-beri

—namely, to an exclusive diet of polished rice.

Scurvy Group.

{Scurvy, Experimental Scurvy in Aniviah, Ship Beri-beri,

Infantile Scurvy.)

Scurvy.—As characteristic clinical symptoms of scurvy we find

very often ansemia and general cachexia, a marked tendency for

local haemorrhages and hsemorrhagic inflammation, especially in

the gums. In adults often haemorrhages in the periosteum and in

the frontal endings of the ribs, with changes in the marrow of the

bones, followed by a dislocation of the ribs from the cartilage.

Lately cases with neuritis and anaesthesia of the limbs were

observed by Hoist [33].

It is now generally accepted that scurvy is caused by the food

used. A diet consisting chiefly of starch, bread and tinned preserved

food is especially liable to produce the disease. The remedy for

this disease, as found by sailors in an empirical way, consists in good

dietetical conditions, lime-juice, fresh fruits and vegetables, especi-

ally onions. Scurvy patients recover very quickly when these

articles are available.

Just as in the investigation of beri-beri, the discovery of

experimental scurvy by Hoist [34] and his collaborator Frolich

was of great importance. They found that many animals (guinea-

pigs, rabbits, pigs, and dogs) kept on scurvy-producing diet, or on

food known by experience to be capable of producing scurvy, or on
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food autoclaved at high temperature, develop a disease which is

closely analogous to human scurvy. These authors have observed

that guinea-pigs fed on water and rye, or wheat bread (or oats, rye,

wheat, barley and rice-flour), or on barley (peeled grain), from oats,

barley or rice, die after several weeks of this diet. If death occurs

after three weeks the following changes were found constantly :

The side teeth were loose, with haemorrhages in the gums ; some-

times only a blue hypersemia was observed, and in few cases ulcera-

tion ; haemorrhages were found constantly in the periosteum of

the ribs.

For the investigation of scurvy Hoist particularly recommends
guinea-pigs, fed on oats and water. For such experiments only

grown-up animals weighing over 350 grm. should be used. The
animals should be weighed every few days, as they lose considerably

in weight (about 40 per cent.). Similar experiments w^ere made by

Schaumann (loc. cit. [16]), who experimented especially on dogs

and monkeys, by feeding them on food taken from sailing ships,

where ship beri-beri broke out, or with food extracted previously

with sodium carbonate. We will see further on the great similarity

of the latter with scurvy.

The great experimental difticulty here was, that the scurvy

protecting substance, or as we call it scurvy vitamine, is much less

stable than the corresponding beri-beri vitamine (Hoist) [35]. As

protective food in the experiments of Hoist and Frolich fresh

potatoes, apples, lime-juice, carrots, cabbage and leaves of lions-

tooth (Leontodon taraxacum) were used. The addition of this

food even protected guinea-pigs which had been fed already for

three weeks on oats. However, only fresh food possesses the

protective power ; dried material is completely valueless. This

fact explains, largely, why food kept for a long time on ships pro-

duces scurvy. A guinea-pig fed on fresh potatoes dies after several

months without scurvy, whereas one fed on boiled and dried potatoes

dies after a few weeks with characteristic scurvy symptoms. No
difference was observed if the drying process was performed in

vacuo or in air. The same thing applies to carrots. Cabbage

heated to 110° C. loses completely its protective power, and the

juice obtained by pressing the cabbage was inactivated even at

60° or 70' C. The same occurs if the juice is kept for a couple

of months, even with the addition of antiseptics.

Different in this respect is lime-juice. Although comparatively
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poorer in vitamine, the latter seems to be much more stable ; it is

not destro3'ed even after boiling for one hour. A set of interesting

experiments were described by Fiirst [36] (from Hoist's laboratory).

He tried the effect of food, yielding an alkaline ash (it was often

stated that scurvy is a result of a special kind of acidosis). This

food failed to prevent scurvy, so did the addition of yeast. The last

fact is remarkable, as it is known that yeast prevents beri-beri very

well. This fact will be discussed in the following chapter. Fiirst

further describes some experiments with seeds. Grains which are

known to prevent beri-beri such as oats, develop an antiscorbutic

agent after they have been germinated. They lose this power
when they are dried again, and in the presence of moisture develop

the scurvy vitamine. In the process of germination seeds are

knov^p to develop all kinds of enzymes in order to utilize their food

reserves. This fact suggested to Fiirst that this substance might

be produced by the action of enzymes, and he suggested that on

board ship a store of dried grain should be kept, which after

germination should be added to the diet on long voyages, when no
fresh provisions could be provided. It is surprising that a chemical

change, which can be performed by the enzymes of the seed, cannot

be reproduced by the animal body, which seems not to be adapted

for this kind of reaction. From this short resume we see that the

material which promises the best results in the way of chemical

investigation with regard to vitamines is lime-juice. The investiga-

tion of vegetables, owing to the feeble stability of their vitamine, do

not promise good results. Some other points also suggested to me
to work with lime-juice. It possesses the advantages of being

easily obtained and contains substances in a soluble state, which
makes the experimental work comparatively easy. Although the

original commercial lime-juice does not cure polyneuritis pigeons

(as was also stated by Chamberlain and Vedder, loc. cit. [19]) I was
encouraged to persevere with it by its fairly high nitrogen content,

which amounts to 0"35 per cent. This suggested to me that a

fractionation, analogous to that done with rice-polishings, might give

interesting results. The investigation is not finished yet and will

be repeated again on a large scale. The first fractionation was done
on 50 litres and the results were very promising. Here, as in rice-

polishings, the same difficulty occurs—the minute quantities of the

vitamine present. The lime-juice was cleared by precipitation with
lead acetate, and the filtrate, evaporated in vacuo, was precipitated



Gasimir Funic 13

with phospbo-tungstic acid. Although the original lime-juice was
unable to cure polyneuritis pigeons, this was done by the decom-

posed phosphotungstate precipitate. However, the effect in some
cases was not as good as with the similar fractions from rice-polish-

ings ; apparently here the question of dose enters. By means of

silver nitrate and baryta two fractions could be obtained from this

precipitate. The experimental work, which has to be repeated again,

gave the following results : The first fraction, which could not be

obtained crystalline, was effective in curing polyneuritis pigeons.

I was surprised to see that the same fraction, after my return from

holidays, lost its curative properties after six weeks. The second

fraction yielded 0'4 grm. of a crystalline substance, which, adminis-

tered to polyneuritis pigeons, kept them alive for seventy-two hours

without, however, improving their condition. This minute quantity

of substance was used up in two experiments on guinea-pigs fed

on oats ; into each guinea-pig a solution of this substance was

injected subcutaneously every second day in the period, when they

began to lose weight. No definite results have been obtained up

till now. From these experiments I am inclined to think that

scurvy vitamine is different from the beri-beri vitamine, although

chemically belonging to the same class of substances.

Ship Beri-heri.— This disease, which somewhat resembles

scurvy, was carefully investigated by Nocht [37], and takes an

intermediate place between scurvy and beri-beri. As described by

Nocht, this disease breaks out on board sailing ships on long

voyages when fresh provisions begin to be scarce. Characteristic

symptoms are anaesthesia, short breathing, and in fact death from

heart weakness. After a supply of fresh food the patient recovers

very quickly, in contrast to tropical beri-bei'i. Neuritis symptoms

were described only in few cases. Hoist and Frohlich [34]

consider this disease to be very closely related to scurvy, and it

would appear that all that we know concerning the etiology of

scurvy applies equally well to ship beri-beri.

Infantile Scurvy.—Infantile scurvy breaks out in children fed

on sterilized milk, with or without the addition of different

flour preparations. For the first exact description of this disease

we are mdebted to Sir Thomas Barlow [38]. The pathological

changes were especially investigated by Frankel [39], who describes

changes in the bone- marrow, which loses and becomes poor in

cells, as a result of the defective new formation of the bone
;
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fiuther, he describes a separation of the epiphysis and altera-

tions in the intermediate cartilage and the cartilages of the

ribs. In children in which the teeth were present haemorrhages

and affections of the gums were observed. This description

indicates the similarity of these symptoms with those present in

human scurvy cases, and especially with those described in the

experimental scurvy of the guinea-pig. This close similarity of

symptoms led Sir Thomas Barlow, Axel Hoist [35] and Looser

[40] to conclude that infantile scurvy and scurvy are identical.

Recently Vortisch van Vloten [41] published a paper, in which

he says that both diseases are identical and caused by a deficiency

of nutritive salts, especially potassium and iron.

Clinical interest in this disease was considerably increased by

the interesting communication of Neumann [42], who first showed

that infantile scurvy had some connection with boiled milk. He
found in a large number of cases that children fed on milk, pre-

viously heated in Soxhlet apparatus for ten to fifteen minutes, got

infantile scurvy. His explanation was that during the boiling

process toxic substances were formed in the milk. Heubner [43]

was able to confirm these results. Corroboration of these state-

ments has been furnished by data collected by A. Meyer [44].

Cases of infantile scurvy due to boiled milk were observed recently

in this country by Brachi and Carr [45]. The patients can be

cured either by an addition to the food of unboiled milk or of lime

or fruit juices. As Hoist and Frohlich have found, these contain

the antiscorbutic substance.

Is there any evidence that milk contains a substance which is

destroyed by boiling ? This question must be answered in the

affirmative. Bordas and Kaczkowski [46] have found that lecithin

is partially destroyed during the boiling of milk, even at 60° C. a fair

amount disappears, at 95'' C. 28 per cent., and after heating for half

an hour at 105^ to 110° C. as much as 30 per cent, is destroyed.

Bartenstein [47] observed that guinea-pigs fed on boiled milk

contract a disease which he considers to be identical with infantile

scurvy. Frohlich [48], who repeated Bartenstein's experiments,

does not quite agree with the latter ; he states that guinea-pigs

fed even on raw milk show, with the exception of slight tendency

to a porosity of bones, a normal aspect, whereas those fed on milk

previously heated for ten minutes at 100' C, thirty minutes at

100' C, and one hour at 112 C, show a high fragihty of the bones,
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whicb is a characteristic of scurvy, but without haemorrhages and

changes in the ossifications.

Besides that, Frohhch {loc. cit.) [48] performed a series of experi-

ments on the protective power of milk on guinea-pigs fed on oats.

He found that pasteurized milk (heated at 70' C.) prevents scurvy,

and milk heated for ten minutes at 98^ C. loses its protective power
completely.

Stepp [49] found that mice fed on food which was extracted

with ether died, while the addition of the extract kept the animals

in good health for a long time. Milk was shown to contain the

necessary substance in small quantities and was inactivated by

boiling. The animals could be kept also by an addition of ox-brain

hpoid.

Some preliminary experiments done by the author^ demon-

strated the presence of the beri-beri vitamine in milk, its com-

mercial preparation known as " Trumilk " was used for this

purpose and extracted with alcohol and ether. After hydrolysis

of the lipoid the vitamine was separated by means of phospho-

tungstic acid and silver nitrate and baryta. A small quantity of a

nitrate of a base was thus obtained which was capable of curing

polyneuritis pigeons. The scurvy vitamine could not be detected.

The probable cause of this was that during the preparation of

" Trumilk " the milk was exposed to a high temperature whilst

being concentrated in vacuo.

This vast amount of evidence suggests that the real physio-

logical difference between the raw and boiled milk is not in the

destruction of enzymes, antibodies and changes in proteins, but

in the content of vitamine. The scurvy vitamine in the milk seems

to be a fairly stable one. It is not destroyed like that in cabbage

at 60" to 70' C, but resembles more that of lime-juice. The scurvy

vitamine, as we know from other foodstuffs, is certainly destroyed

at 120^ C, but even at lower temperature the quantity of vitamine

destroyed depends on two factors—the temperature used and the

time of heating. Even in this case probably only a fraction of the

vitamine is destroyed. The reaction of the milk, the natural

content of the vitamines in cows' milk, which of course depends

entirely on the content of vitamines in the cows' food, are further

factors of which we do not know the importance.

' Not yet published.
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Recently Miss Lane-Claypone, in a report to the Local Govern-

ment Board, ^ came to the conclusion, on the basis of the clinical

evidence, that there is no real evidence to support the view^ that

infantile scurvy is due to boiled milk. The reasons mentioned

above—the influence of the time of heating and the vitamine

content of the original milk—render the clinical observations of

relative value only. In addition to this it is often impossible to

perform exact experiments in the hospital, and therefore besides

clinical evidence the results of experimental research on animals

ought to be collected.

At present our knowledge does not go beyond the fact that milk

is a food which provides all the constituents necessary for the

growing organism, and must, of course, contain all kinds of

vitami#es. All investigations bear out this view. On the other

hand, we know that these substances are very unstable and
destroyed by heat. As a result of this I would suggest that it

is safer not to heat the milk more than is strictly necessary.

The Eelationship between Beri-beri and Scurvy.

Between these two diseases a close analogy undoubtedly exists.

In the siege of Paris, cases of scurvy were described by Delpech [59],

which arose from an exclusive diet of white rice. Similar observa-

tions were recorded by Bucquoy [50]. Experiments on animals
show that rice produces in some animals (pigeons, fowls, ducks,

&c.) polyneuritis, in others, such as guinea-pigs and dogs, scurvy.

For instance, pigs under these conditions show symptoms of

neuritis and scurvy (Hoist, loc. cit. [33]). On the other hand. Hoist
.describes cases of scurvy with marked neuritis. In spite of all

•this evidence both diseases have to be considered as entirely

different. The common cause in both is a deficiency in diet, but
a deficiency of two different substances. Many facts are known
which speak in favour of this idea. We saw that the beri-beri

vitamine is a much more stable substance than the scurvy vitamine.

Different foodstuffs, which are known to prevent beri-beri and
polyneuritis, like yeast, oats and barley (unhusked), are unable to

prevent scurvy. On the other hand, grains develop the scurvy vita-

mine during germination. This fact suggests that the scurvy
vitamine can be formed by enzyme action from the beri-beri vita-

mine, which is undoubtedly present in these seeds. This would

' Reports to the Local Government Board, New Series, No. 63, 1912.
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suggest a certain connection between the two substances. In
favour of this view many facts are on record, but the problem
can be easily solved by experiment. It is necessary to investigate

whether this process goes hand in hand with tlie diminution of

the beri-beri vitamine in the seeds. I intend to perform such

experiments shortly. The complete investigation of lime-juice,

in which both substances occur, may throw some light on this

interesting problem. The nearer the chemical constitution of

both substances the closer will probably be their physiological

connection.

From the experiments on germinated seed, performed by Fiirst

{loc. cit. [36]) we saw that the animal organism is not able to perform

the slight change which is b)rought about by enzyme action in the

grain. From this it is obvious that the anti-scurvy substance must
be supplied as such by plants. The outbreak of scurvy as a result

of a diet which is known to contain the beri-beri vitamine suggests

that the organism is not able to do this kind of transformation.

But the opposite reaction (the formation of beri-beri vitamine from

the scurvy vitamine) is possible, and there are no facts known which

disprove this suggestion. In this case we would obtain a cycle,

which may be sketched here :

—

Beri-beri vitamine > plant enzymes > scurvy vitamine.

Scurvy vitamine > animal organism > beri-beri vitamine.

By this means the scurvy vitamine would prevent both diseases,

whereas the beri-beri vitamine only beri-beri.- As a matter of fact,

this suggestion explains very well indeed the occurrence of ship

beri-beri. When both substances are deficient, then the disease

which we know under the name of tropical l)eri-beri breaks out.

On ships the food gets poorer in scurvy vitamine quicker than

in beri-beri vitamine. The result of this is an outbreak of scurvy

or ship beri-beri. This, however, is only an attempt to explain

the close relationship between these two disease.

In conclusion, we might say that beri-beri and scurvy are both

caused by a deficiency of diet. The deficient substances, though

different, are closely related, and transformable to a certain extent

into each other. The influence of this deficiency on the general

metabolism will be dealt with in the last chapter.

Pellagka.

The investigation of this disease moves now essentially on

bacteriological lines. From the history of beri-beri and scurvy
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investigation we saw, however, that many years of careful study

were necessary to establish the true etiology of this disease. The

long struggle between the believers in the theories of infection and

intoxication is worth mentioning, and still persists in spite of

modern results. The idea that pellagi'a is due to some deficiency

in the diet was expressed by several authors, but at present there

is no positive evidence in favour of this theory, as agamst any

other theory. A glance at all the existing theories suggests that

an investigation of this disease on the lines mentioned above for

beri-beri and scurvy might yield valuable results. Up to now the

only evidence which speaks in favour of this view is its close

analogy with beri-beri, and especially with scurvy. Research on

this subject, which in the past has been very one-sided, is rendered

more *fhcult by the impossibility of producing experimental

pellagra in animals, and also by the lack of knowledge on the

prevention of this disease by means of a change of diet.

Pellagra, which was known in Italy in the eighteenth century

under the name of scurvy or Italian scurvy, occurs in Italy,

Roumania, Austria,' Spain, Portugal, Egypt, Algeria, United States,

Mexico and Central America, and is strictly limited to districts where

maize is used as the staple diet. This fact, along with the observa-

tion that the disease breaks out in countries where maize was

recently imported, speaks clearly in favour of some relationship

between pellagra and maize. This disease, which breaks out mostly

in spring and autui^m, shows nervous and psychic symptoms, and

leads often to general cachexia, diarrhoea, and suicide. A very

characteristic symptom is an erythema of the skin,- which is caused

by the sun and is localized in uncovered parts of the body, such as

the hands, face, and bare feet.

In addition to such views as those expressed by Hodson [5'2],

that pellagra is not a definite disease, there exist five distinct

theories—namely, the intoxication, auto-intoxication, infection,

photodynamic, and deficiency theories.

The intoxication theory, which expresses the view adopted

in Italy for many years, was first suggested by Ceni [53] and

Otto [54]. They observed that certain Aspergillus and Penicillium

strains, which are constantly found in spoiled maize, secrete toxic

substances, which, when isolated and administered to animals,

provoked intoxication symptoms closely resembling those of

pellagra. This theory was afterwards extended and energetically
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advocated by Lombroso [55], followed by Gosio [56] and Gavina

[57]. Lombroso especially performed a great number of experi-

ments, and was able to isolate an alkaloid from these fungi which
possessed a marked toxic effect resembling ergot poisoning. He
considered the disease as a chronic toxaemia, due to toxic sub-

stances developed in maize by the action of micro-organisms,

especially fungi. This theory is still accepted with slight

modifications in Italy (Bertarelli) [58] and Antonini [59] and was
recently expressed again by Camurri [60]. The latter accepts the

view that besides an insufficiency of maize diet and lack of nutritive

salts an intoxication takes place. He especially points out that

ferments of maize, which he thinks capable of forming toxic

substances, are able to act on maize, even after cooking. Acting

on these views the Italian Government took measures to endeavour

to eliminate spoiled maize from the market and to provide the

population with drying apparatus : special hospitals for pellagra

cases have also been established. All these measures seem to

have very little effect, and the number of patients is still increasing.

The Auto-intoxication Theory.—Originated by v. Neusser [61]

and de Giaxa [62], who stated that pellagra is due to toxic pro-

ducts formed in the intestine under the influence of certain

bacteria, especially of B. coli.

The Infectious Theory.—An enormous amount of different micro-

organisms have been credited with the power of causing pellagra,

but only a few, which seem to have some claims based on a large

amount of evidence, will be described here. Di Pietro [63] found a

particular strain of Penicillium glaucum, to which he attributes the

power of producing the disease. Ceni [64] isolated from the

organs of pellagra patients Aspergillus jiuorescens and A. fumigatus.

Tizzoni [65] and Tizzoni and Panichi [66] describe a microbe,

isolated from the organs and faeces of pellagrins, which they call

Streptobacillus pellagrce. The same germ could be detected in

spoiled maize. The culture of this microbe inoculated into guinea-

pigs w^as, however, unable to produce the disease, unless the animals

were put on a maize diet. Sambon [67], after a careful inquiry in

Italy, came to the conclusion that pellagra is not necessarily associ-

ated with maize diet, and its topographical distribution (near to

running streams) suggested to him that the disease may be caused

by a protozoan transmitted by a biting fly from the genus

Simulium. He was unable, however, to find the micro organism.
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Siiuilar association w itli a Simnliiini fly was snp^gested in Georgia

by Kobei-ts fG8J;.

. Recently a very peculiar niicro-organisui was isolated from

tBe cerebro-spinal fluid of the patients and described by the

British Pellagra Commission [69J, but has not been further

investigated. Certain curative results obtained many years ago

\;>'ith arsenic, and recently W'ith atoxyl, related by Babes and

Vasiliu [70], and Babes, Vasiliu and Gheorghus [71] suggested a

protozoological nature of the germ : good results with salvarsan

were also recently related. The number of cured cases w-as re-

latively small and might be due to a change of diet.

Babes and Busila [72^ were, however, unable to find a specific

connection between the serum of the pellagrins and the micro-

prganisi^ isolated from the organs and faeces of the patients.

The same negative results were obtained with extracts prepared

from the micro- organisms of pella,grins or of maize. Tizzoni [73]
recently, in a preliminary communication, describes a specific pre-

cipitation obtained by Streptohacillus pellagrce in the blood of

pellagrins. Finally, Alessandrini [74], who observed a connection

between pellagra and running water, in which larvae of nematodes
were found, accepts the latter as the cause of the disease.

Nevius-H3'de [75] criticizes all the evidence brought forward

and states that the disease is produced by all kinds of spoiled

flour. In a recent American report on pellagra by Clarke, Hamill,

Pollock, Curtis and Dick [76], the authors come to the conclusion

that there is actually no basis for the infection theory. They
were unable to infect monkeys with the blood of pellagrins.

Further criticisms of these theories will be found in the paper of

Kaubitschek .

Plwtodijnamic T/z^or//.—Eaubitschek [77], in his very interesting

and critical paper,, begins his research by investigating experi-

mentally all the known theories, and comes to the conclusion that

all these theories do' not stand a careful experimental test. He
found that polenta (a kind of maize-cake like that eaten in Italy)

was almost sterile, and as a rule also the blood of pellagrins.

The bacteriological examination, post mortem, gave no evidence,

whatever in favour of an infective etiology of pellagra, and the

sero-diagnostic examination of the blood did not show the presence
of antibodies against maize proteins or germs contained in maize..

Opposed to the view of many Italian authors, Eaubitschek found
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that extract of spoiled maize inoculated into animals gave no trace

of symptoms which could be considered analogous to those in

pellagra.

Based on the experiments of Aschoff [78], who admits the

existence of sensitizing substances against light in the lipoids,

he makes the hypothesis that spoiled maize produces a toxic

substance which is able to sensitize the skin for sun. rays-

Analogous experiments were already performed by Hausmann [79J.

Raubitschek's experiments were carried out in the following

manner : White mice fed on maize and exposed to daylight

developed, alter four weeks, a disease, "with very marked loss of

weight. After six to eight weeks the animals died, often with

cramps and hyperemia in the ears and mouth. White mice kept

as controls in the dark or in light on a mixed diet, and dark-

furred mice kept on maize in the light, did not show any trace of

reaction. This disease is somewhat analogous to fagopyrismus, a

disease which breaks out in white cattle fed on buckwheat.

Raubitscbek found that the sensitizing substance is present in the

alcohol-soluble fraction of the maize. Maize extracted previously

with alcohol was proved, then, to be harmless to white mice exposed

to light, whereas the extract contained the toxic substance. The
same results were obtained with spoiled maize (polenta) and rice.

From the last fact Raubitscbek concludes that beri-beri has a photo-

dynamic origin. Similar observations were related independently

by Horbaczewski [80] and Lode [81]. The results of these authors

agree with those of Raubitscbek. On the other hand, several

objections were already made to this theory. Lavinder [82] was

not able to confirm Raubitschek's results ; Babes [83] does not

believe that good maize is able to produce pellagra. Hausmann
[84] points out that in time of intense sunlight the skin affection

is less pronounced than in spring.

Raubitschek's experiments seem to apply only to albino mice,

and do not show any analogies with the known experiments on

the importance of lipoids or alcohol-soluble fraction for the life of

animals (Stepp's experiments on white mice), in beri-beri and

polyneuritis. Albino rats put on rice diet ni daylight do. not show

any symptoms of disease for ten weeks.

The Deficiency Theory of Pellagra.—This short resume shows

very well that the present state of the pellagra investigation is the

same as that of beri-beri ten years ago. One might be surprised
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that the recent advances m our knowledge of beri-beri did not

influence more the investigation of pellagra. It is beyond any

doubt that pellagra has some close connection with maize diet.

Even if cases of pellagra are known which have no relationship

with maize, this would not speak against the deficiency theory,

as long as the food used is also deficient. Unfortunately, I could

not find many data about the diet in districts where pellagra occurs.

Lombroso {loc. cit. [55]) and Camurri {loc. cit. [59]), however,

describe such diet :

—

Lombroso (p
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tioned above. Experiments carried out on animals with maize

diet gave the following results :

—

Bezzola [85] has shown that maize is not sufficient food to

keep guinea-pigs in good health ; they soon lose hair and get

diarrhoea and die. No difference was observed whether good or

spoiled maize was given. Lucksch [86] found that guinea-pigs

fed on a good quality of maize lose their hair, show a hyperaemia

of the intestinal mucosa, and an increase in size of the suprarenal

glands. Fed on a mixture of maize, flour and green food they lose

hair and get paralysis of the hind legs and a catarrh of the small

intestine. The maize diet was, then, proved too insufficient also

for rabbits and dogs. In springtime the results were more marked

than in autumn. The blood of these animals was examined and

found sterile. Hoist [87] points out the very frequent occurrence

of scorbutic symptoms in pellagra, especially the porosity of the

bones, which is one of the characteristic symptoms of scurvy.

He repeated the experiments of Lucksch on guinea-pigs, and

stated that he could prevent the disease described by Lucksch,

which he considers to be scurvy, by an addition of fresh cabbage.

Loss of hair and other symptoms were absent in his cases, although

the experiments were carried out in springtime.

Schiiffner and Kuenen {Arch. f. Schiffs- und Tropenhyg.,

vol. xvi, p. 277, 1912) have found an erythema of the skin in

23 per cent, of the beri-beri patients in Dutch India.

In order to ascertain definitely whether or not pellagra is a

deficiency disease, exact investigation of food in pellagra districts

are necessary. Further, it is important to know whether it is

possible to improve the condition of the patients by any change

of diet. Lombroso (loc. cit. [54]) in his book states that a considerable

improvement and even cure could be obtained by a meat diet.

These experiments, carried out on a large scale, with the elimina-

tion of possible errors, would probably give some valuable clues

to the etiology of pellagra. Still more important would be some

means by which an experimental pellagra could be induced in

animals. This would enable us to do research on this disease,

independently of pellagra districts.

The Kesults of our Knowledge of Deficiency Diseases

Applied to Animal Metabolism and Nutrition.

The results of modern investigation of deficiency diseases seem

to be unknown to most physiologists. I noticed only one resume
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which draws attention to the deficiency diseases with regard to

general metabolism ; this is the resume of Mandel on protein

metabolism [88]. The food was up to now valued only by its

content in proteins, fats and carbohydrates, and calories value.

From the time of the remarkable results of Emil Fischer on the

chemistry of proteins a great number of different proteins of

vegetable and animal origin were investigated. Each of the

proteins was hydrolyzed and its content of amino-acids deter-

mined. The proteins themselves were used for metabolism experi-

ments. It was shown that the proteins differ enormously in the

quantity of their "building stones." The plant proteins especially,

which are known to have an enormous content of glutaminic acid

(up to 40 per cent.), differ from animal proteins, which contain

on antaverage only 10 to 15 per cent. Some of these proteins,

like gelatine, zein and gliadin, are known to be deficient in some

of the amino-acids. Experiment has shown that proteins which

are deficient in tyrosine, phenylalanine and tryptophane, are unable

to keep the body in nitrogenous equilibrium. The relative

quantities of amino-acids also constitute a very important factor.

Michaud [89] has shown that by feeding dogs with their own
proteins a relatively small amount of nitrogen suffices to keep the

animals in nitrogenous equilibrium. Evidently an animal fed on

proteins which differ in the quantity of amino-acids from the

proteins of its own body is forced to use much more proteins and

is unable to use these amino-acids, which are in larger proportion

in the food than in its own body. The experiments of Abder-

haldenand Samuely [90], and Abderhalden, Funk and London [91],

have shown that by feeding animals on gliadin, which contains

43 per cent, glutaminic acid, the composition of the proteins of the

blood serum remains the same.

From this we can easily understand why Chittenden [92] finds

that most people take in their food more nitrogen than is really %

necessary. In this food the organism is forced to find all the

substances which are necessary for life, and which are present in

this particular food in only small amount. By knowing all the

substances which are necessary for life, it will be easy to choose

a diet containing all those substances, and in this case the amount
of nitrogen would probably be much below the figures obtained

at present. At the same time this would solve the problem of

choosing the cheapest food containing all the substances necessary
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for life. We see from the present resume that besides amino-acids

small quantities of substances called vitamiries must be contained

in the food. Besides the vitamines described in this paper similar

substances were found in milk. Osborne and Mandel [93] , by

feeding rats on different proteins, came to the conclusion that even

proteins, which are probably complete in the number of amino-

acids and contain the latter in a right proportion (casein), are

capable of maintaining adult animals in nitrogenous equilibrium,

but prevent normal growth in young animals. On adding to this

diet milk freed from proteins the animals showed normal growth.

Similar experiments were performed in this country by F. G.

Hopkins.^ I suppose that the substance facilitating growth found

in milk is similar, if not identical, with the vitamines described

by me.

In the metabolism experiments performed with the view of

determining the nutritive value of different proteins the question of

vitamines was not considered. We have seen, however, that animals

kept on a diet deficient in vitamines lose enormously in weight, and
do not maintain their nitrogen balance, even when the food is rich

in nitrogen and calories. By an addition of small quantities of

vitamines the animals kept on unchanged diet recover and are

found to retain nitrogen. In future special care ought to be taken

to supply the animal in metabolism experiments with sufficient

quantities of the different vitamines. Only in this way can satis-

factory and clear results be obtained. Abderhalden, in a recent

paper [94], comes to the conclusion that the problem of artificial

food is solved. Instead of synthetizing proteins it is possible to

supply a mixture of amino-acids in the right proportion, and he

thinks that all amino-acids and all necessary substances are already

known. He fed dogs with meat which was broken up completely

by ferments, and also with an artificial mixture of known amino-

acids. His experiments were of short duration (seven days) and

were performed after feeding for some time with broken-up meat,

which contains, as was shown, all the protecting substances. An
extension of his experiments for a longer period would undoubtedly

result in his dogs getting scurvy. I agree with Abderhalden's

general idea on this subject, but I think, however, that his con-

clusion is a little premature. The problem of artificial food cannot

' Private communication.
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be solved, unless we know all the chemical constituents of our

food. As has been shown in this paper, this is not the case, and

many substances like vitamines await investigation ; the synthesis

of these substances will take many years of work still.

I suppose that the present resume has already convinced the

reader of the physiological importance of the vitamines. It is quite

possible that their importance is much more considerable than is

indicated in this paper. A predisposition to many other diseases

may be induced by the deficiency of these protective substances.

Among these diseases rickets may be mentioned. The investigation

of this disease has not made much progress. Besides an abnormal

calcium metabolism, which is probably the result and not the cause

of the disease, nothing of importance is known. I think that

expeiinients with vitamines, which can at least do no harm, ought

to be performed here in order to ascertain if a deficiency of the

latter is not the real primary cause of the disease. We will see the

whole importance of these protective bodies when we inquire for

what purpose these small quantities of substances are required in

the animal organism. It is obvious that the minute amount

necessary cannot be considered from the point of view of food. It

is most probable that they are used as such or transformed into

substances which are able to act in small quantities. Such sub-

stances in the body are known to be ferments, hormones and

products of the secretion of internal glands. With the exception of

adrenaline we know practically nothing about these substances.

The secretions of thyroid and parathyroid glands, of pituitary and

genital glands, are completely unknown and so are the enzymes and

hormones. The further investigation of vitamines, the knowledge

of their chemical composition, and their fate in the animal body,

will probably help to elucidate these problems.

From the present resume we can conclude that all the deficiency

diseases can be prevented by a complete diet. A monotonous diet

ought to be avoided, because in this case a deficient food is made
use of for long periods and prepares the ground for the outbreak of

the deficiency diseases. There is no doubt that as our knowledge

of the relative value of different foodstuffs increases we will be able

to prevent completely the outbreak of the latter.
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CIV.— The Constitution of Aminotyrosine and the

Action of Oxydases on Some Tyrosine Derivatives.

By Casimir Funk.

In connexion with the synthesis of dl-d : 4-dihydroxyphenylalanine

(Trans., 1911, 99, 554), an attempt was made to obtain the

optically active compound by employing aminotyrosine, which was

considered by Neuberg to be 3-aminotyrosine (" Handbuch der

Biochemie," Oppenheimer, Vol. 4, Part II., p. 363). An analogous

process was used by Erlenmeyer and Lipp (^Annalen, 1883, 219,
166) in the preparation of tyrosine from arainophenylalanine.

Aminotyrosine was prepared according to the methods described

by Strecker {Annalen, 1850, 73, 70), Staedeler {ibid., 1860, 116,

57), and Beyer (Zeitsch. Chem., 1867, 437) from tyrosine through

the nitro-compound. In these papers very few experimental data,

no melting points, reactions, or analyses were given. The tyrosine

employed for the synthesis was optically active /-tyrosine, but both

the nitro- and amino-tyrosine obtained were completely inactive,

so that racemisation must have occurred during the preparation of

the nitro-compound. By diazotising the aminotyrosine according
to Erlenmeyer and Lipp's method, no 3 : 4-dihydroxyphenylalanine
was obtained, but a substance was isolated which possessed the
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composition of the initial product, differing, however, from the

latter by its resistance to oxidation, and especially to the action

of oxydases. Bertrand {Bull. Soc. chim., 1896, [iii], 15, 791) has

shown that these ferments are only able to oxidise ortho- and

para-compounds. It must be concluded, therefore, that the new

non-oxidisable aminotyrosine is a m-eta-compound, and that the

original nitro- and amino-tyrosine are mixtures of two isomerides,

namely, the ortho- and meta-compounds

:

OH^ \CH2-CH(NH2)'C02H and

nh7 _
0h<^ ^ch2-ch(nh2)-c02h.

~NH2
By the action of nitrous acid, 3-aminotyrosine is destroyed and

2-aminotyrosine, described above, left in the solution.

Until recent times the belief was current that the ferments

laccase and tyrosinase were specific in their action; thus laccase

was considered to oxidise only phenols and aminophenols, tyro-

sinase only tyrosine. It has, however, since been shown that this

is not the case, and in the present paper further proof of this is

given, and it is shown that 3 : 4-dihydroxyphenylalanine, amino-

tyrosine, and adrenaline are oxidised equally well by both

ferments.

The action of laccase and tyrosinase might be used with good

results for the determination of the position of hydroxy- and

amino-groups in compounds, analogous to those described in this

paper.

Experimental.

Preparation of Nitrotyrosine.

Z-Tyrosine (150 grams) from silk was suspended in water, and

nitric acid (600 c.c. ; D 1"3) was added drop by drop, the mixture

being kept cool in cold water and continually stirred with a

turbine. During the reaction the nitrate of the nitrotyrosine

separated in golden-yellow needles (130 grams), which melted and

decomposed at 170°. The crystals were dissolved in a little water,

ammonia was added, and the solution was evaporated on the

water-bath until crystals began to separate. Nitrotyrosine was

thus obtained in yellow needles, which after drying under

diminished pressure at 110°, melted at 220°, and were optically

inactive. Yield, 104 grams.
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PreparaUon of Ammotyrosine.

Nitrotyrosine (104 grams) was dissolved in water and heated

on the water-bath for one hour with tin (200 grams) and hydro-

chloric acid (1200 c.c. ; 4:10). The warm solution was then

decanted, freed from tin by means of hydrogen sulphide, and the

filtrate evaporated under diminished pressure in a stream of coal-

gas. Colourless needles of dichloroaminotyrosine separated out,

which melted at 155—160°. The hydrochloride was dissolved in a

very little water, and neutralised with the calculated amount of

2iV^-potassium hydroxide. On evaporation under diminished pres-

sure, aminotyrosine (60 grams) was obtained, which on recrystal-

lisation from water gave slightly grey-coloured prisms melting and

decomposing at 265°. This compound gave with ferric chloride a

pink coloration, and with Mi lion's reagent first an orange colora-

tion, followed by reduction of the mercury salt. The aqueous

solution assumes a pink colour after a short time. The substance

is optically inactive

:

0'233, by Kjeldahl's method, required 236 c.c. ^/lO-HgSO^.

N = 14-18.

CflHigOgNa requires N= 14"28 per cent.

Preparation of 1-Armnotyrosine,

oh/ \CH2-CH(NH2)-C02H.

A solution of aminotyrosine (10 grams in molecular proportions

of sulphuric acid) kept at —2° was treated with a slow stream

of gaseous nitrous acid, prepared from 3' 6 grams of sodium nitrite

dissolved in 50 c.c. of water and 5"1 grams of sulphuric acid in

50 c.c. of water. The solution was then boiled for one hour, during

which time a little nitrogen was evolved. After the removal of

sulphuric acid by means of barium hydroxide, the solution was

evaporated under diminished pressure. The residue yielded

5 grams of yellow needles, which after recrystallisation from water

and drying under diminished pressure at 110° melted at 273°.

With ferric chloride a pink coloration and with Millon's reagent

a white precipitate were obtained. The aqueous solution was not

oxidised on contact with air

:

0-2074 gave 0-4188 CO2 and 0-1122 H2O. C = 55-07; H = 6-01.

0-1868, by Kjeldahl's method, required 18-6 c.c. iy^/lO-HaSO^.

N = 13-99.

CgHigOeNj requires O=55'06; H= 6-17; N = 14-28 per cent.
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This substance is aminotyrosine, and differs from the initial

product by the melting point, stability against oxidation, the

colour of the crystals, and, as is shown later, in its behaviour

towards oxydases. From the latter point of view the substance

must be considered to be 2-amiiiofi/rosine. The mixture of both

substances melted at 260°.

Tribenzot/l-2-aminotj/rosine,

BzO^ \CH2-CH(NHBz)-COoH.

^HBz
Aminotyrosine (0"5 gram) was dissolved in x¥-potassium hydroxide

(51 c.c); to this solution sodiviin hydrogen carbonate (3"5 grams)

was added, and then benzoyl chloride (2 '3 grams) in small portions

at a time. The compound separated out during the reaction as

the sodium salt. It was then treated with dilute sulphuric acid,

the precipitate finally extracted with light petroleum to dissolve

the benzoic acid, and recrystallised from a mixture of acetic acid

and ethyl acetate. Colourless, microscopical needles (0"9 gram)

were obtained, which were sparingly soluble in alcohol or ethyl

acetate, readily so in acetic acid, and insoluble in water. After

drying under diminished pressure at 100°, they melted and

decomposed at 192—195° :

0-1766 gave 0-4602 COg and 00746 H2O. C = 71-07; H= 4-69.

C30H24O6N2 requires C = 70-83; H = 4-76 per cent.
j

An attempt was then made to separate the mixture in the initial

'

product by means of benzoylation, but was unsuccessful. Three

grams of the initial aAinotyrosine yielded only 0-3 gram of a

benzoyl compound which melted at 191—195°, whilst in the

mother liquor no further product could be detected. By mixing

both benzoyl compounds, the melting point was not depressed.

Action of Laccase and Tyrosinase.

For these experiments O'OS gram of each substance was dissolved

in 5 c.c. of water, and 1 c.c. of the ferment solution added. The
tyrosinase was prepared from Agaricus campestris, and the laccase

from the latex tree (Rhus succedanea). The colorations were

Laccase. Tyrosinase.

Quinol red no change
Tyrosine no change black
Aminotyrosine black black
2-Aminotyrosiue no change no change
3 : 4-Dihydroxypheijylalanine pink pink
dl-Adren-dVme pink pink
Nitrotyrosine no change no change
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observed after five minutes. The experiments with quinol and

tyrosine showed that the laccase was free from tyrosinase and the

tyrosinase free from laccase.

The difference between the aminotyrosines is thus evident. These

experiments also reveal the new fact that many substances are

oxidised both by laccase and tyrosinase.

Lister Institute of Preventive Medicine,

Chelsea S.W.

B. CLAY AND SONS, LTD., BRUNSWICK ST., STAMFORD ST., S.E., AND BUNGAY, SUFFOLK.
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OCCURRENCE OF FERMENTS IN THE STERILE MILK
COLLECTED BY MILKING TUBE FROM COWS AND
GOATS.

By ARTHUR HARDEN
AND JANET E. LANE-CLAYPON.

{Biochemical Department, Lister Institute.)

The literature upon the presence of various ferments in milk is

extremely large and dates back through many years. Up to the

beginning of 1911, however, when the experiments described in this

paper were undertaken, no observer had dealt with milk uncon-

taminated by bacteria.

Man)' obsei'vers had collected milk with very great care, but it did

not appear that anyone had obtained sterile milk for the purpose of

investigation of the ferments, although the method of obtaining sterile

milk had been described by Lister (1878) and frequently employed for

various purposes. It was decided to adopt the method described by

Swithinbank and Newman (1903), for the collection of sterile milk, by

means of a milking-tube or catheter.

The apparatus used by these observers consists essentially of two

portions ; the first is a milking-tube connected by about 3 or 4 ft, of

rubber-tubing to a piece of glass tubing. The milking-tube and glass

tube are both enclosed in test-tubes the open ends of which are

blocked by plugs of cotton wool, so that the whole can be sterilised

and preserved sterile.

The second part of the apparatus is a filter flask, through the cork

of which passes a piece of glass tubing, clo.sed by a short piece of

rubber- tubing, and a clamp. Both the end of the rubber-tubing and

the side tube of the flask are plugged with cotton wool, so that this

also can be kept sterile.

The teat of the cow's udder which is to be used is carefully cleaned

with 2 7o lysol, as are also the hands of the experimenter. A little
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milk must be milked away so as to remove that portion of the milk

which had been stagnating in the mouth of the teat. The milking-

tube is now removed from the test-tube and inserted into the teat,

when the milk flows into the test-tube at the other end of the

rubber-tubing. As a rule the milk runs freely but occasionally the

udder has to be " milked " a little, as the cow " holds the milk back."

The milk which flows into the test-tube should be discarded or

used for boiled controls. The rubber-tube is now disconnected from

the glass tube, and (the cap of india-rubber having been removed from

the tube of the filter flask) connected to the filter flask, so that the

milk runs into the flask, and the requisite quantity can be collected.

This apparatus was used throughout the experiments, with

satisfactory results. While the work was in progress, a paper by

Rullmann (1911) appeared, covering the ground upon which we were

working, the results obtained by him agreeing in almost every

parMcular with those which we were obtaining.

We decided however to continue the experiments, especially as the

method which we were employing for the estimation of catalase was

different from that used by him.

Both goats' and cows' milk were used, the goats being kept on the

premises, and thus easily accessible. The cows' milk was obtained from

a neighbouring dairy where cows were kept under good conditions.

We are much indebted to Mr E. J. Walker the owner of the dairy for

allowing us to use his cows for the purpose of these experiments and

desire to take this opportunity of thanking him for his kindness.

Experiments upon goats' milk.

The ordinary milking-tube used for cows was found to be rather

too large for the goat's teat and a smaller size of silver catheter was

obtained. Immediately after collection plates were made of the milk.

The amount taken was either 1 or 2 c.c. and the medium used was

nutrient agar, and also wheylitmus-agar. Some of the plates were

incubated at 37° C. and others at 22° C. for four or five days.

In no case did we succeed in getting all the plates free from any

growth, although not infrequently some of the plates remained sterile.

The count varied from 0"3-9'7 per c.c, the organisms being for the most

part moulds which had evidently obtained entrance from the outside air,

and possibly during the process of plating. In a few cases the goats

were difficult to catheterise, and kicked out the catheter, the slight
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contamination observed being probably introduced in tliis way. The

ferments investigated were peroxidase, catalase and both direct and

indirect reductase (Schardingcr, 1902), and the results obtained for

each ferment are dealt with separately.

Peroocidase.

Para-phenylene-diamine and hydrogen peroxide were used for the

detection of this ferment, 1 c.c. of a 1 7o solution of the para-phenylene-

diamine, and 0"4 c.c. of a 1 Yo solution of the peroxide being employed.

The reaction was in all cases instantly positive, the controls with boiled

milk being always negative. It seems clear therefore that goats' milk

while in the udder contains peroxidase.

Catalase.

In the first three experiments an Einhorn Saccharimeter was used,

which is practically the method known as Koning's (Koning, 1906),

and was that used by Rullmann in his experiments with cows' milk.

The results obtained are given below. The amounts used were

15 c.c. milk, 1 c.c. water and 5 c.c. of 1 "/o H2O2 incubated at 37'' C.

The water was used to make siitficient fluid in the saccharimeter.

Method of Bacterial
procuring milk count per c.c.

Amount of oxygen
given off in c.c.

1. Taken by catheter 5-0 la 45 mins.^O. In 1| hrs.

0-25. In 17 hrs. =^0-5

Control

Negative.

2. Milked into sterile 350-0

flask

In 3hrs. = 0. In 21 hrs.=

0-25

3 a. Milked into sterile Plates spoiled In 3 hrs. = 1 c.c. In 4 hrs. „
flask by sporing =1-2 c.c.

3 6. Taken by catheter 3*0 Inlhr. = lc.c. In 4 hrs. „
+ 1 c.c.

These experiments showed that the Einhorn saccharimeter was not

reliable for the estimation of the gas evolved, owing to the im-

possibility of shaking the apparatus. The importance of shaking in the

estimation of catalase has been pointed out by many observers, and was

brought prominently into discussion in the papers published in 1911

by Kooper (1911) and Grimmer (1911). The Lobeck apparatus was also

tried but it was finally decided to use the apparatus devised by

Harden, Thompson and Young (1910) in estimating the gas evolved in
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alcoholic fermentation. This consists of a flask with long neck, capable

of containing about 100 c.c. of fluid, which is clamped into a water-

bath of desired temperature, and connected with rubber and glass

tubing to a eudiometer, so that it can be taken out of the water-bath

and shaken, without any disturbance of the gas content of the

apparatus. The apparatus is so arranged that the pressure on the gas

in the flask is always equal to that of the atmosphere.

In these experiments .50 c.c. of milk and 5 c.c. H2O2 (1 "/o) were used

throughout both for goats' and cows' milk, control experiments with

H2O2 having shown that this quantity of H.Oo gave the optimum

evolution of gas with 50 c.c. milk at 25° C, the temperature at which

the water-bath was kept.

5 c.c. of a 1 7o solution of hydrogen peroxide are capable of evolving

about 18 c.c. of oxygen at atmospheric temperature and pressure under

the influence of catalase and hence, as soon as this number was

appupached, a fresh quantity of HjOo was added.

All the apparatus with which the milk came in contact was

sterilised. After the 50 c.c. of milk had been pipetted into the flasks

they were allowed to remain for at least 10 minutes in the water-bath

before the hydrogen peroxide was added. The eudiometer was then

adjusted, the flasks shaken and a reading taken every 5 minutes.

The following were characteristic experiments and results

:

I. Bacterial count 1 per c.c.

3.40 p.m. .5 c.c. B..f)., added, by 5.17 p.m. 12-6 c.c. O^ given off.

5.20 p.m. 5 c.c. more added, by 6.20 p.m. 14-1 c.c. Oj given off

6.20 p.m. 5 c.c. more added, by 7.0 p.m. 8'6 c.c. Og given off.

In 2 hours 40 minutes 35-3 c.c. O2 in all.

II. Bacterial count 1"6 per c.c.

2.18 p.m. 5 c.c. H.p., added, by 2.39 p.m. 12-8 c.c. Oj given off.

2.46 p.m. 5 c.c. more added, by 3-6 p.m. 14-1 c.c. O2 given off.

3.12 p.m. 5 c.c. more added, by 4.40 p.m. 18-0 c.c. O2 given off.

In 2 hours 22 minutes 44-9 c.c. in all.

The controls with boiled milk in each case were negative.

These results show that a much higher figure is obtained when the

shaking is carried out at short intervals during the experiment, than

when the Einbom tube is used, and they leave no doubt that catalase is

present in the milk of goats as it leaves the gland.
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Reductase.

The reduction of methylene blue was tested for, both with

methylene blue alone and also with Schardinger's reagent, the tubes

being incubated at 87° C. Ten c.c. of milk were taken, and O'l c.c. ot

the reagent. In the milk collected by catheter there was no reduction

of methylene blue alone in any of the tubes, the times of observation

varying from \\ to 18 hours. The only case in which reduction

occurred was in milk which was milked by the animal attendant, and

had an initial bacterial count of 350 per c.c. This milk reduced the

methylene blue in two hours completely.

Schardinger's reagent was not reduced on any occasion except that

upon which there was reduction of the methylene blue. This however

was probably merely a reduction of the methylene blue and not a

specific action on the Schardinger's reagent. It seems therefore that

there is no reductase either direct or indirect present in sterile milk

from goats.

Koning (1906, 1907), working with carefully collected goats' milk

used as soon as possible after milking, obtained similar results, although

he considered that there must be traces of reductase present, since,

when goats' milk was added to cows' milk, the reduction of Schardinger's

reagent took place more rapidly than when the cows' milk was

simply diluted with water. Sames (1910) however has found that

Schardinger's aldehyde-reductase will not bear dilution, so that if this

be the case Koning's results might really show a delay in the action of

the ferment in the cows' milk as a result of dilution by water and not

an acceleration of the action by the addition of the goats' milk.

Experiments with cows' milk.

The same method as was used for the detection of the ferments in

goats' milk was used for the cows' milk. The milk was collected by

catheter, and brought at once to the Lister Institute, the several

reactions being started as soon as possible after arrival.

Peroxidase.

The bacterial counts of the specimens of milk used for the

peroxidase reactions varied from O-6'O per c.c. The reaction was

strongly positive on all occasions. On one occasion when the cow had

calved 2-3 weeks before the milk was examined, the reaction with para-

pheuylene-diamiue was positive before the addition of the peroxide,
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indicating the presence of an oxidase. Inasmuch as the oxidases have

been shown to be a mixture of a peroxide and of a peroxidase this

observation has no special significance for the present work, Rullmann

alvSO found peroxidase constantly present in sterile milk from cows.

Catalase.

The reaction in this case was always positive, as it was also in

Kallmann's work, but the amount of 0.^ given off was frequently very

small, and much less than that given off by the goats' milk.

The following are some of the experiments ; in all cases 50 c.c. of

milk were taken. Controls of boiled milk in all instances gave negative

results.

I. Bacterial count 0.

11.55 a.m. 5 c.c. HoO, added, and flask shaken every 5 minutes.

12.55 p.m. 2-5 c.c. Oo given off, 5 c.c. more HoO.^ added.

3.45 p.m. 1*2 c.c. Og given off.

3*7 c.c. in all.

In 3 hours 50 minutes 3-7 c.c. O2 given off from 50 c.c. milk.

II. This experiment was carried out in the severest heat of

summer (1911), and unavoidably towards midday. The cow in this

case kicked out the catheter, and the bacterial count was 47 per c.c.

6"0 c.c. were given off in 3 hours 25 minutes. It is unlikely that the

rather higher amount of catalase was due to the action of the bacteria,

since, even at the end of the three hours, the number present cannot

have been high, and in subsequent experiments with milk practically

free from organisms equally high values were obtained.

III. Bacterial count 2*0 per c.c.

In \ hour 6*3 c.c. Og were evolved from 50 c.c. whole milk

In 4 hours 12-6
,,

In 1 hour 1-2
,,

In 4 hours 2-8
,,

In \ hour 2-5
,,

In 4 hours 4-5
,,

The cream was made up to 45 c.c. with sterilised saline.

45 c.c. skimmed milk,

cream of 45 c.c. of milk.

IV. Bacterial count about 6 per c.c. Plates spoiled by sporing

organisms.

In 50 mins. 5*9 c.c. Oj were evolved from 50 c.c. whole milk.

,,
2-4 ,, ,, ,, 45 c.c. skimmed milk without sediment.

„ 0"9 ,, ,, ,, cream from 45 c.c. of milk.
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Experiments upon centrifugalised milk as well as upon whole milk

were also carried out, with the following results.

V. Bacterial count 1 per c.c.

In J hour 3-7 c.c. 0.^ were given off by whole milk.

„ 2-9 ,, ,, ,, whole milk without sediment.

,,
0'4 ,, ,, ,, the sediment alone.

The sediment was examined for leucocytes of which only a few

were present. This experin)eut shows that the seat of the catalase is

not wholly or even chiefly in the leucocytes of the sediment, as was

also found by Meyer. Jensen, Torday and others found the catalase to

be associated with the fat content, and Jensen also found that the

stoppings contained more catalase and more leucocytes than the rest of

the milk, but that the amount of catalase was very slight compared

with that produced by the bacteria.

Catalase therefore is present in cows' milk collected by catheter,

having a negligible bacterial content ; the amount present being

variable.

This agrees with the work of RuUmann except that our figures are

higher than his, but this is probably accounted for by the diflerent

apparatus used, for Rullmann used the Koning apparatus which as was

seen in the case of the goats' milk gave lower figures than that employed

by us.

Rullmann's figures for 10 c.c. milk were as follows

:

In 1 hour from 00—traces of Oo.

In 12-18 hours 0-2-1-8 c.c. O...

In 24 hours 0-2-3-6 c.c. 0^.

Reductase.

The reduction of methylene blue was negative in every case, even

when the observations extended over more than 18 hours at 37°. With
Schardinger's reagent the reaction was very variable.

I. Bacterial count per c.c. Positive in 3 hours at 37° C.

II. Bacterial count 47 per c.c. Positive in 5 hours at 37° C.

III. Bacterial count 47 per c.c. Negative after 2 hours 45 mins. at 37° C.

IV. Bacterial count about 13 per c.c. Positive in 3i hours at 37° C.

V. Bacterial count 2 per c.c. Positive in 2^ hours at 37° C.

VI. Bacterial count 1 per c.c. Negative after 28 hours at 37° C.

The irregularity of the reaction is probably to be explained by the

fact that sometimes the cows had been fairly recently milked and at

other times not. Jensen (1906) and Romer and Sanies (1910) have

shown that the strippings have the highest reducing value for
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Schardinger's reagent, and the last two authors have further shown

that the first milk rarely contains any aldeh^-de-reductase (the ferment

reducing Schardingei-'s reagent).

Reinhardt and Seibold (1911) have also shown that the reaction

with Schaidinger's reagent is often negative during the first two

months after calving, and that the time of its appearance is also very

irregular.

No precise data could be obtained in regard to the time after

calving of the cows from which the milk was obtained, and these facts

are sufficient to accoimt for the variable results obtained. The length

of time taken for the reaction to develop is longer than that observed

by most investigators but the optimum temperature is from 45°-50° C.

and the foregoing observations were made at 37° C. which accounts for

this point of difference. RuUmann also found direct reductase absent

and the reaction with Schardinger's reagent positive, in catheter milk.

#
Conclusions.

1. The presence of peroxidase and catalase can be demonstrated in

the milk obtained by catheter from both goats and cows.

2. The catalase content of goats' milk is apparently higher than

that of cows' milk.

3. The reduction of methylene blue does not occur with catheter

milk of either goats or cows, at any rate within many hours.

4. Schardinger's reagent is not reduced by goats' milk, but

catheter milk from a cow frequently reduces it.
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THE OXIDATION OF ISOLATED ANIMAL TISSUES.

By ARTHUR HARDEN and HUGH MACLEAN.

{From the Lister Institute. Biochemical Department.)

In the course of a former investigation(i), on the alleged post-mortem

occurrence of alcoholic fermentation in animal tissues, it was found that

no apparent formation of carbon dioxide from sugar was obtained when

the experiments were conducted in an atmosphere of carbon dioxide or

hydrogen. Since, however, the living tissues contain normally a con-

siderable amount of oxygen, it was thought advisable to determine

whether any evidence of glycolysis of this nature could be found when

the experiments were conducted in an atmosphere of oxygen. In

carrying out this plan it was necessary to determine the normal gaseous

metabolism of the tissues, since it is well known that oxygen continues

to be absorbed and carbon dioxide given out for a considerable time

after death. A number of researches on this subject have been carried out

by former investigators, but a perusal of the literature shows that the

results obtained by different authors vary to .such a degree as to render

them useless for practical application; the very great variations in the

results recorded indicated that no reliance could be placed on the

averages of these figures, and it was therefore found necessary to investi-

gate the subject from the beginning.

As will be seen the figures obtained in this investigation differ

very considerably from those given in many of the researches already

published, but on the whole they are fairly consistent, and as the ap-

paratus employed is capable of recording accurately differences of 1 c.c.

of gas, it may fairly be claimed that under the conditions of the experi-

ments the results indicate with a considerable degree of accuracy what

actually takes place.

The most elaborate and recent investigation on this subject has

been carried out by Battelli and Stern(2), but their results vary in an

extraordinary manner, and it is extremely doubtful whether the method

they adopted is sufficiently accurate. Unfortunately their description

PH. XLIII. 3
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of the apparatus employed is so lacking in details as to render it very

difficult to understand the exact manner in which their results were

obtained.

i^s no very satisfactory method is described we found it necessary to

construct an apparatus by which an accurate determination of the

amount of oxygen absorbed and the carbon dioxide given out could be

obtained. After several preliminary experiments it was found that the

following arrangement answered exceedingly well, and after a little

practice very accurate readings could be obtained.

Description of apparatus. The apparatus employed is a modifica-

tion and elaboration of a form previously used by Thompson in this

laboratory, for estimating the gaseous metabolism of micro-organismsoi

An arrangement was adopted whereby a continuous stream of oxygen

could be circulated through the apparatus. The whole was closed and

air-tight, and at one point in the circulation a vessel containing strong

standard potash was introduced ; at another point was placed a flask

containing the minced up organ. The oxygen passed through the

minced tissue and afterwards through the potash, so that any carbon

dioxide derived from the tissue was immediately absorbed by the alkali,

and could subsequently be estimated. Any oxygen absorbed by the

tissue was indicated by a scale on a burette so that the amount of

carbon dioxide given out and the amount of oxygen absorbed in any

given time could be readily determined.

The details of the apparatus are as follows

:

Two ordinary nitrometers, A and B (Fig. 1), were taken and to the

upper end of each a two-way tap {G and D) was attached ; in the photo-

graph given below (Fig. 2) these taps are sealed on, but the attachment

can be more easily made by means of rubber stoppers (the two lower

taps seen in the photograph belong to the nitrometer and are not

necessary for the purpose of this apparatus). The nitrometers are con-

nected by rubber tubing with reservoirs filled with mercury. Another

two-way tap {E, Fig. 1) is seen on the left of the sketch ; this is

connected with the potash flask by the tube F, while on the lower side

it opens into nitrometer A or B, according to the position of the tap.

A three-way tap H is connected with both nitrometers and through

auijther three-way tap K with the flask in which the tissue is placed, or

with the air, as desired. When the taps are in the position represented

in the diagram, and the reservoir of B raised, it will be seen that there

is direct communication between nitrun)eter B and the flask containing

the minced organ (through H and K), so that oxygen passing through
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from B would pass up along the unshaded tubes through the flask,

afterwards passing through the potash bottle and along tube F to

nitrometer A. By reversing the positions of the reservoirs and of all

the taps except K, oxygen would pass from nitrometer A along the

shaded path to H, then round the circuit as before to tap E, and finally

along the shaded path to nitrometer

B. In this way by alternately

raising and lowering the mercury

bulbs and reversing the taps a con-

tinuous circulation could be kept up.

The photograph shows the actual

apparatus used in the experiments.

When an experiment is to be made

the apparatus is connected by means

of a rubber tube with a cylinder

containing oxygen. Then tap K is

turned so as to allow oxygen to pass

along to the tissue and potash

flasks, and back to tap E, which is

removed ; when sufficient oxygen

has been passed through, tap E is

replaced and taps K and H opened

towards one of the nitrometers.

The mercury reservoir of this nitrometer is now lowered, and the

nitrometer filled with oxygen to the desired level. When sufficient

oxygen is passed, tap K is turned round to connect the flask with

tap H. In the photograph (Fig. 2) nitrometer B is seen partly filled

with oxygen, while A is filled with mercury. Both nitrometers are

graduated in fifths of a cubic centimetre. The flask for the tissue to be

investigated is placed in a water bath kept at 87" C. and is connected

with the circulatory apparatus by means of a tight rubber stopper

through which pass an inlet and outlet tube. A weighed amount of

substance is now quickly placed in the flask, some more oxygen passed

in, and the stopper tightly replaced. To allow for changes caused by

differences of temperature the whole is left for ten minutes, and then

oxygen is circulated until a constant reading^ is obtained. This gener-

^ In connection with this point, a constant reading is obtained only in cases where

oxidation is slow. At the beginning of the experiment the expansion of oxygen gives an

increase in the readings, and when this passes over there is a steady decrease in proportion

to the activity of the tissue. Equilibrium is therefore considered to be attained when
either constant or steadily decreasing readings are obtained.
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ally means that oxygen has to be circulated about fifteen to twenty

times, and occupies about five minutes. After a constant reading is

obtained the flask is removed from the bath at frequent intervals and

shaken vigorously. At the end of the experiment oxygen is again

circulated till a constant reading is obtained, while during the experi-

ment it is also circulated at frequent intervals in order to prevent any

possible accumulation of carbon dioxide and give the maximum chance

Fig. 2.

for oxidation to occur. The difference between the first and final con-

stant readings gives the amount of oxygen absorbed by the tissues,

whilst titration of the caustic potash indicates the amount of carbon

dioxide given off. Though the apparatus seems a little complicated it

is really not so in practice; it is easily fitted up and works well.

As there was a tendency for some mercury to pass up the smaller

tubes, small bulbs with traps were employed to overcome this difficulty.

They are seen in the photograph immediately above the taps corre-

sponding to C and D of Fig. 1.
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Experimental.

In the first experiments carried out an attempt was made to

determine the amount of carbon dioxide given off as the result of oxida-

tion by the absorbed oxygen. It is well known that animal tissues,

even in the absence of oxygen, are capable of giving off considerable

amounts of carbon dioxide under the conditions of the experiment, but

especially when boiled for some time with weak acids. Pfliiger(4) and

Stintzing{5) obtained very large amounts of carbon dioxide from tissues

treated in the latter manner ; in many cases 100 gms. of rabbit muscle

yielded over 100 c.c. In our experiments however we failed to obtain

such large quantities though the method adopted was in many cases

practically the same as that used by the above observers. The tissue

was taken as soon as possible after death, minced up very quickly,

washed, and placed in a tlask
; some acidified water was then added and

the mixture boiled for 1^ to 2 hours. The carbon dioxide was collected

in standard potash and estimated by titration. The following figures

indicate the total amount of carbon dioxide obtained from fresh minced

muscle when treated as described.

Time after death No. of finis. No. of c.c.

No. Animal in minutes talven obtained

1 Babbit 12 100 21-84

2 ,, 9 100 22-4

3 ,, 10 100 16-24

4 Guinea-pig (with bones) 7 178 97-5

In many other experiments done with rabbit's muscle the average

amount of carbon dioxide obtained varied from 16 c.c. to 25 c.c. per

100 gms. of muscle.

In order therefore to determine the true oxidation it was necessary

to estimate the total carbon dioxide evolved by boiling with weak acid

in a control experiment. At the same time an equivalent weight of

minced tissue was placed in the flask of the apparatus and kept in the

presence of oxygen for a given time. The carbon dioxide given out and

the oxygen absorbed were then estimated, and the tissue subsequently

boiled with weak acid in the same way as the control, the amount of

carbon dioxide obtained from this being added to that obtained from

the tissue incubated in oxygen. The total amount minus the control

carbon dioxide gave the carbon dioxide formed by oxidation. This was

generally nearly the same as the oxygen absorbed, though certain

3—3
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variations were found, the respiratory quotient varying from about

09 to 1"3. An example of such an experiment is given here.

Exp. 1. 80 gms. minced rabbit's muscle obtained immediately after death were

boiled for 1^ hours with weak HCl.

Total COo obtained = 13-38 c.c.

80 gms. of same muscle in oxygen at 38^ C. for 3 hours yielded 25 c.c. COo and absorbed

11 c.c. 0, and on subsequent boiling gave 2 '8 c.c. CO^.

Total yield of CO. = 27-8 c.c.

And 27*8 c.c. - 13-38 c.c. (amount originally present) = l'4-oO c.c. COg due to oxidation.

Experinients were now conducted to ascertain whether the addition

of ghjcose to the minced tissue had any effect in raising the carbon

dioxide output, or increasing the amount of oxygen absorbed. Two

equal portions of minced tissue were treated in exactly the same way,

the only difference being that a certain amount of glucose was added to

one flask. The results, however, were entirely negative, for the tissue

1^ which sugar had been added gave practically the same figures as the

control, and in no case did the addition of sugar change the carbon

dioxide output or the oxygen intake. Other substances, such as glycogen,

sodium lactate, and sodium pyroraceraate also gave negative results.

Exp. 2. 80 gms. muscle + 100 c.c. blood + -5 gm. glucose absorbed 8 c.c. 0^ in 2 hours.

,, ,, ,, no glucose ,, 7-2 ,, ,,

Exp. 3. 80 gms. muscle + 160 c.c. blood + 1 gm. glycogen absorbed 31-4 c.c. 0., in 3 hours.

,, ,, ,, no glycogen ,, 33-2 ,, ,,

Exp. 4. 4-3 gms. muscle + 100 c.c. sol. of sodium lactate^ + lOO c.c. blood absorbed

17-6 c.c. Oj in 3 hours.

45 gms. muscle + 100 c.c. sol. of sodium pyroracemate'- + 100 c.c. blood absorbed

10-6 c.c. Og in 3 hours.

45 gms. muscle + 100 c.c. blood absorbed 19 '5 c.c. Oo in 3 hours.

It would thus seem that minced tissues when used immediately

after death possess no greater power of forming carbon dioxide from

added sugar in an atmosphere of oxygen than they have in an atmo.sphere

of carbon dioxide or hydrogen. In this connection it is exceedingly

important to use fresh tissue and to limit the duration of the experi-

ment to three hours or less ; the difficulties described in our former

paper are exaggerated when tissue is kept in an atmosphere of oxygen,

1 5-6 gms. Kahlbaum's Syrup to 500 c.c. salt solution.

- 4-4 gms. Kahlbaum's Acid neutralised to litmus and made up to 500 c.c. with salt

solution.
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and as the addition of glucose to a minced organ provides a better

nutrient medium for bacteria apparently positive results are sometimes

obtained which in reality are due to infection. In every case in which

any difference was found in our experiments bacteria were proved to be

present; where bacteria were absent sugar produced absolutely no

effect.

Eccperiments luith expr-essed juice of tissues.

With a view to ascertaining something of the nature of the oxidisable

substance in the tissues from which the carbon dioxide was produced

many experiments were carried out and an endeavour was made to

ascertain whether expressed tissue juice was capable of respiration.

Muscle and tissue juices were obtained by mincing up the fresh

substance, grinding it in a mortar witli silver sand, and kieselguhr, and

subjecting this to high pressure in the usual way. This juice was then

tested, but in no case was there any evidence of respiratory activity, as

seen in the following results.

Exps. 5-9. The minced muscle or organ was thoroughly ground for 10 minutes with

an equal weight of sand. This was then mixed with kieselguhr and ground for 10 to

15 mins. more. The powdery mass wliich resulted was subjected to a pressure of from

2J to 3 tons per square inch, and the juice obtained incubated at 3^° C. in an atmosiDhere

of oxygen.

Exp.
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beinw expressed, some experiments were made to determine whether

this interference destroyed or reduced the respiratory activity. It was

found that when the minced tissue was rubbed in the mortar without

sand no appreciable diminution was in evidence, but when sand was

used tlie resulting mass was less active than the original minced muscle.

There was a distinct reduction both in the amount of carbon dioxide

given out and in the amount of oxygen absorbed. The followdng figures

were obtained for oxygen absorption.

Exp. 10. 100 grns. minced muscle (rabbit) + 100 gms. sand subsequently added

absorbed 17 c.c. 0., in 8 hours.

100 gms. minced muscle (rabbit) thoroughly fjrotind with 100 gms. sand absorbed

13 c.c. 0^ in 3 hours.

Exp. 11. 90 gms. minced muscle (rabbit) +90 gms. sand absorbed 10 c.c. in 3 hours.

90 gms. minced muscle (rabbit) ground with 90 gms. sand absorbed 6 c.c. in 3 hours.

This difference, however, was not very great, and did not explain the

inactivity of tissue juice. Experiments carried out with magnesium

hydr;ite added to the sand in order to prevent the usual development of

a(^ity gave no better result. The reduced activity is probably due to

direct interference with the integrity of the muscle cell. Though the

tissue, when pround up with sand, was still fairly active it was found

that the subsequent addition of much kieselguhr had a marked effect in

lowering oxidation.

The powdeied substance prepared in the usual way with sand and

kieselguhr Avas much less active than the control without kieselguhr;

in some cases it seemed to have little or no respiratory activity

whatever. Thus

:

Exp. 12. 100 gms. minced rabbit's muscle + 100 gms. sand ground for 10 minutes and

then mixed with 30 gms. kieselguhr and ground for 5 minutes gave on incubation in

oxygen with 100 c.c. blood an absorption of 4-6 c.c. oxygen in 2 hours.

100 gms. rabbit's muscle thoroughly minced + 100 gms. sand + 100 c.c. blood absorbed

14-8 c.c.

Exp. 13. 100 gms. rabbit's muscle minced and ground in mortar for 5 minutes with

10 gms. kieselguhr incubated as above with 100 c.c. blood absorbed 9 c.c. oxygen in 2 hours.

100 gms. minced muscle + 100 c.c. blood absorbed 15 "8 c.c. oxygen in 2 hours.

This effect of kieselguhr is difficult to understand, but it suggests

that we are here dealing with a substance, possibly of enzymic nature,

which is adsorbed or otherwise reduced in activity by the kieselguhr.

Since the inactivity of the expressed juice might be due to the

insolubility of the resjDiratory substance, the residual press cake itself

was tested, but here again comparatively little effect was obtained

;



ANIMAL TISSUE OXIDATION. 43

even the addition of the expressed juice did not result in any appreci-

able action. Since, however, kieselguhr interferes so markedly with

the respiration processes, an attempt was made to obtain juice with

a minimum of this substance. A specimen of this mass was tested

before being put into the press, and found to be fairly active, but here

again the juice was inactive and the press cake alone was considerably

reduced in activity, while the addition of juice to the press cake did not

appreciably effect the result. Aqueous and saline extracts obtained by

thoroughly mixing the minced tissue and fluid and then straining

through a cloth were also tried with negative results. The majority of

these experiments were carried out on rabbit's muscle. As this is not of

itself very active, juice from the pressed breast muscles of pigeons was

obtained, but though the original minced substance was exceedingly

active, the juice in tins case as before gave negative results.

Exp. 14. Breast muscles from six pigeons taken and tlioroughly minced.

(a) 40 gms. minced muscles 4- 100 c.c. blood absorbed 41 c.c. O2 in 2 hours.

Residue was mixed with sand and kieselguhr and pressed. Yield = 58 c.c. juice.

(b) 58 c.c. juice absorbed 3-4 c.c. Oj in 2 hours.

(f) 100 gms. press cake +100 c.c. blood ab.sorbed 4*8 c.c. in 2 hours.

Exp. 15. 110 gms. pigeons' muscles minced thoroughly with knife: added 250 c.c.

water and ground thoroughly in mortar. Then pressed through cloth and obtained 260 c.c.

extract. Subsequent pressure in press did not give much more juice.

(a) 100 c.c. extract + 100 c.c. blood absorbed 4 c.c. Oj in 2 hours.

(b) 100 c.c. extract + 30 gms. press cake+ 100 c.c. blood absorbed 11 c.c. in 2 hours.

(c) 100 c.c. saline sol. + 30 gms. press cake + 100 c.c. blood absorbed 10 c.o. in 2 hours.

Battelli and Stern make the statement that tissues which have

been kept for some hours after death, und in which the oxidation

processes are gradually getting less can be re-activated by the addition

of an aqueous extract of some fresh tissue. This extract need not be

derived from the .same kind of substance as that used iu the experiment;

for example, liver may be activated either by liver juice or by muscle

juice.

To the hypothetical s\ibstance which they suppose is present in the

extract they gave the name ' pnein'(6). We repeated some of these

experiments, but failed to obtain any appreciable evidence of the

presence of such a phenomenon as they describe. Those experiments

were carried out on the muscles and livers of the rabbit and on the

livers of the dog, ox and pig, and all with negative results when

bacteria were absent. It is noteworthy that Battelli and Stern do

not mention the possible presence of bacteria in any of their experi-

ments; in their paper on what they designate as accessory respiration(7) it
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is almost certain that in many cases bacteria must have been present in

abundance, the organs having been kept for several hours after death

in the incubator at 38° C. or left in the body of the animal. If the

so-called ' accessoi-y respiration' is not altogether the result of bacterial

infection it is certain from the method adopted that the results obtained

must have been vitiated by bacterial action.

Experiments luith minced tissues. Since tissue juice failed to show

any definite respiratory action a number of experiments were carried out

on the minced tissues. In common with other observers, it was found

that the activity of the tissue was greatly increased by the addition of

blood. As a general rule minced tissue to which blood was added was from

two to four times as active as the same tissue when incubated in saline

solution. This effect was proved to be dependent on the haemoglobin

present, for isolated haemoglobin prepared from horse's blood gave the

same effect as an equivalent amount of blood. This is shown in the

following experiment.

Haemoglobin was prepared from horse's blood according to the directions given by

SVhulzl*). The crystalline substance obtained contained a considerable amount of

ammonium sulphate, but since experiment showed that this salt did not appreciably

afifect the respiration, no attempt was made to remove it. A solution of the haemoglobin

obtained was of such strength that 70 c.c. of it were equal to 28 c.c. of blood, and 1 c.c.

contained 0-04 gm. ammonium sulphate.

Exp. 16. 50 gms. minced rabbit muscle + 28 c.c. blood + 2-8 gms. ammonium sulphate

+ 72 c.c. salt solution absorbed 6-4 c.c. 0^ in 2 hours.

50 gms.^ninced rabbit muscle + 70 c.c. Hb sol. + 30 c.c. salt sol. absorbed 63 c.c. Oo in

2 hours.

The maxinuim effect was obtained when blood was used in the

proportion of about 100 c.c. to 40 gms. tissue. When only 50 c.c.

blood were used the effect was generally somewhat less, but the results

were by no means constant. Haemolysed blood acted in just the same

way as ordinary blood. Again, blood from some other animal was quite

as efficient as the animal's own blood, and the addition of even a few

cubic centimetres to the minced tissue increased the oxidation ap-

preciably. Changes in the reaction of the tissue produced little or no

change ; any slight differences observed were very irregular and

indefinite, and too small to be of any practical importance. Since

bacteria were very troublesome, several antiseptic substances, such as

toluene, chloroform etc. were tried, but they all depressed the tissue

oxidation processes. A typical example is as follows

:

Exp. 17. 100 gms. minced muscle + 100 c.c. normal salt solution absorbed 5 c.c. 0^

in 2 hours.

100 gms. minced muscle + 100 c.c. normal salt solution + 2 c.c. toluene absorbed 1*2 c.c.

O9 in 2 hours.
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TABLE I.

--I
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The absorptions given were obtained in two hours, and the half of

this is taken in calculating results per hour. It might be objected that

oxidation during the first hour is much more active, but in general little

difference has been observed. After the second hour, however, the

tissue gradually loses activity, but later results are generally com-

plicated by bacterial action so that no reliance can be placed upon

them.

The figures given in Table I, agree in a general way with

those obtained by Battelli and Stern; thus pigeon muscle gives

much higher values than rabbit's muscle, while sheep and ox are

intermediate. On the other hand, the absolute values for each tissue

are very different, and never amount even approximately to the values

given by these observers. The general conclusion from these figures is

that the post mortem oxidation processes are not sufficiently active to

render it easy to detect the oxidisable substance ; a very small amount

of the latter would be sufficient to account for all the oxidation found.

Summary

1. An apparatus for estimating the post mortem gaseous meta-

bolism of minced organs is described in the paper.

2. Minced organs and tissues of animals have no more power of

producing carbon dioxide from sugar when incubated in an atmosphere

of oxygen than they have in an atmosphere of nitrogen or hydrogen.

3. Tissue juices prepared by the aid of kieselguhr and aqueous

and saline extracts of tissues possess little or no respiratory activity.

4. The oxidation processes of minced tissue are materially lowered

by grinding up the tissue with sand or by mixing it with kieselguhr;

antiseptics act in the same direction.

5. The figures obtained by us for the oxygen absorption and

carbon dioxide output of minced tissues are considerably lower than

those obtained by Battelli and Stern.
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In working out the action of B. ladis aeror/cnes on glucose quantitatively,

Harden and Walpole(l) found that, in addition to the products already noted

in the action of B. coli communis on glucose (2), a small quantity of acetyl-

methylcarhinol, CH3-CH(OH)-CO"CH3, and a considerable proportion of

2.3-butylene glycol, CH3-CH(OH)-CH(OH)-CH3, were formed, the latter

corresponding to about 33 per cent, of the carbon of the sugar fermented.

The production of acetylmethylcarhinol by the action of Tyrothrix tenuis,

B. suUilis and B. mesentcricus mdgatus, and similar organisms on glucose, had

been previously noted by Grimbert (3) and by Desmots (4).

The presence of acetylmethylcarhinol is of especial interest, as it has been

shown to be the substance responsible for the Voges and Proskauer reaction (5).

In view of this fact, and of the interest attaching to this mode of decom-

position of glucose, it becomes a matter of some importance to discover

what substances will give rise to acetylmethylcarhinol and butylene glycol

during fermentation, and also which bacteria are capable of producing these

two compounds. B. lactis aerogenes and B. cloacce have been shown to
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produce both substances from glucose, mannitol, and fructose (6, 7, 8) ; hence,

in the first place, the action of these organisms was studied, and similar

experiments were later carried out with B. coli conwiunis, but with negative

results.

It was of especial interest to discover whether these substances could be

produced from carbon compounds less complex than the liexoses, and a

variety of simpler substances containing fewer carbon atoms were therefore

tried, e.g., glycerol, ethylene glycol, malic acid, etc.

The formation of acetylmethylcarbinol or butylene glycol from substances

containing three or fewer carbon atoms would necessarily involve a carbon

synthesis which would be of considerable theoretical interest. An instance

of this kind, the production of butyric acid and butyl alcohol from lactic acid

and from glycerol in the butyric fermentation, has long been known (9, 10).

To explain this, it has been supposed that acetaldehyde is first formed and

then serves as the source of the butyl alcohol and butyric acid. The

aldehyfte may be supposed to undergo an aldol condensation followed by

reduction, with or without subsequent oxidation :

2CH3-CHO = CH3'CH(OH)-CH2-CHO.

CH3'CH(OH>CH2-CHO + 4H = CHs-CHs-CHs-CHs-OH + HaO.

It seems possible that the production of acetylmethylcarbinol and

butyhme glycol may be due to a somewhat similar course of events, which

may be represented as follows, although these reactions have not, hitherto,

been observed in the laboratory :

—

2CH3'CHO + 2H = CH3-CH(OH)-CH(()H)-CH3.
,

2CH3-CHO = CH3-CO-CH(OH)CH3.

Experiments to test this hypothesis were made, with the result that the

production of the glycol by bacterial action from acetaldehyde was con-

clusively established, although the mechanism of this production has not yet

been ascertained.

It by no means necessarily follows, however, that in the fermentation of

glucose the butylene glycol is actually produced from preformed

acetaldehyde.

1. Experimental Methods.

As a general rule the culture medium consisted of 1 per cent. Witte's

peptone water containing 5 per cent, of the substance under investigation.

Sufficient chalk was added to neutralise any acid formed during fermentation,

and after inoculation the culture was grown for three weeks at 37° C. under

anaerobic conditions, the flask being fitted with a mercury trap to allow tlie

escape of any gases.
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Among the products of the reaction, acetyhnethylcarbinol and butylene

glycol only have been estimated quantitatively. A more complete investiga-

tion has, however, been made in the case of glycerol, and the results

obtained will form the subject of another communication.

To ascertain whether the carbinol and glycol were derived from the

acetaldehyde, sugar or other substances in question, and not simply from

a constituent of the peptone, control experiments were carried out with

peptone water alone as culture medium. In no case could the slightest trace

of either substance be detected.

2. Detection and Estimation of Acetylntethylcarhinol and BidyUnc Glycol.

As some of the substances employed could only be used in small

quantities, it was necessary to elaborate a method for the detection of both

acetylmethylcarbinol and butylene glycol in small amounts. Attempts were

first made to separate these two compounds by cautious evaporation and

estimate them individually, but it was found impossible to arrive at any

quantitative values in this way.

The method ultimately adopted was as follows :—

The medium in which the organism hiid been grown was carefully

distilled to as small a bulk as possible over a free flame and then to dryness

under reduced pressure at 37° G. The distillates were then united and made

up to a definite volume and portions tested for reducing power and for

Voges and Proskauer's reaction, which, as stated above, is due to the

presence of acetylmethylcarbinol. To perform this reaction 3 c.c. of 1 per

cent. Witte's peptone water are mixed in a test-tube with an equal quantity

of 10 per cent, caustic soda, 2 c.c. of the solution to be tested are then

carefully poured on to the surface of the liquid, and the tube is allowed to

stand at room temperature. If acetylmethylcarbinol be present, a pink ring

fornjs at the juncture of the two liquids. With very small quantities of

carbinol, this may take some hours to develop, but with larger amounts the

colour soon appears and quickly spreads through tlie whole of the solution,

a green fluorescence being also produced. It was found that more delicate

results could be obtained by the above method than by simply mixing the

solutions.

Experiments in connection with other work, shortly to be published, have

indicated that the carbinol is alone responsible for the reducing power of

the distillates, and hence an estimation of this by Bang's (11) method at

once gives the amount of acetylmethylcarbinol present, the reducing power

of this substance being known (12).

The estimation of the butylene glycol is not such a simple matter.
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A small amount is held in the dry residue after distillation, and must be

extracted with dry ether, and the glycol thus obtained, after evaporation of

the ether, added to the distillate.

The estimation depends on the fact that the glycol is readily oxidised by

bromine under the influence of light to diacetyl, which can be estimated

by its reducing power. Any acetylmethylcarbinol present is quantitatively

oxidised to diacetyl in this way, but as the quantity of this substance will

already have been determined, the amount of diacetyl formed from it is

known, and the difference between this and the total diacetyl represents

that due to the glycol. The details of the process are as follows :—An
aliquot portion of the distillate is treated with a small quantity of bromine

(0-1 c.c. for the distillate from the fermentation of 5 grm. of substance), and

left exposed for 12 to 15 hours to the light of a 50-candle-power electric

lamp. A further addition of bromine is made if the solution becomes

completely decolorised, and the exposure continued. Any free bromine is

then removed by the cautious addition of sulphurous acid, excess of this

being carefully avoided. The solution is next saturated with sodium chloride,

and the diacetyl distilled off and estimated by determining the reducing

power of the distillate.

The results obtained by the above method are low, as the oxidation of

the glycol to diacetyl is not quantitative. Control experiments with known

amounts of glycol show that the actual results obtained are two-thirds

the correct value, and a correction for this has been made in the tables

given below.

In most cases the diacetyl produced by the oxidation was further charac-

terised by the preparation and analysis of the phenylosazone.

Two typical analyses gave the following results :

—

1. Substance fermented—galactose. Organism

—

B. cloacce. Osazone

—

m.p. 243° C.

0-2109 grm. gave 39-4 c.c. N at 23-5° C. and 765 mm. N = 2114 per cent.

2. Substance fermented—arabinose. Organism

—

B. lactis aerogencs. Osa-

zone—m.p. 244° C.

0-1349 grm. gave 25 c.c. N at 22° C. and 765 mm. N = 21-13 per cent.

Diacctylphenylosazone, Ci(5Hi8N4, requires N = 21*05 per cent.

In the sugar experiments the amount uufermented was estimated in the

residue left after the extraction of the glycol by dissolving it in water,

njuking up to a known volume, and determining the reducing power after

treatment with mercuric nitrate (Patein).
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3. Results Obtained.

The results obtained with the organisms employed are indicated in the

tables given below. The figures given in Columns 8 and 9 are the values

calculated from the actual results found for 10 grm. of sugar fermented.

As previously mentioned, the results obtained with B. coli communis were

in every case negative.

Table I.—Action of B. lactis aerogcncs (Escherich) and B. cloaccc (Jordan) on

various Sugars.

Experi-

ment.
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Table II.—Action of B. ladis aiirogcnes (Eschericli) and B. cloaca: (Jordan)

on various Alcohols.

Experi-

ment.



1911.] Acctylmethylcarhinol and 'Z.3-Butylene Glycol. 498

added. At the end of this time and occasionally during the progress of the

experiment sub-cultures were made to show that the organism in question

was still alive and uncontaminated. In two experiments tlie whole of the

acetaldehyde had not been used up, so that the liquid obtained by distillation

of the culture medium was strongly reducing to Fehling's solution. In two

other cases sufficient time was allowed to elapse between the last addition of

aldehyde and the examination of the products to ensure the complete

removal of this factor.

In these two cases the distillates obtained had no reducing power. In

every experiment the distillate was tested by means of the Voges and

Proskauer reaction for acetylmethylcarbinol, and in no case could any trace

of this be detected.

The liquid was further examined for butylene glycol, which was in every

case found to be present, though in extremely small quantities. It was

detected as described above by the formation of diacetyl, tliis substance

being proved to be present in every case by the positive results given by the

Voges and Proskauer reaction after oxidation of the culture distillate.

In one case sufficient osazone was prepared from the diacetyl for a deter-

mination of the melting point, which was found to be 244° C. Among the

products of the reaction were also found ethyl alcohol, acetic acid, and some

succinic acid. Lactic acid was not present. These products were estimated

in the manner previously described by Harden (13) with a few slight

modifications. In the estimation of the alcoliol any unchanged acetaldehyde

present was removed by oxidation with moist silver oxide. The acetic acid

was determined by the method of Macnair(14).

The table below shows the results obtained in three typical experi-

ments :

—

Table III.

Total acetaldeliyde added
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Summary of Results.

1. B. ladis aerogeius and B. cloaca;, when grown in a peptone solution

containing either ghicose, fructose, mannose, galactose, arabinose, isodulcite,

maunitol or adonitol, produce both acetylmethylcarbinol and 2.3-butylene

glycol.

2. Glycerol, ethylene glycol and acetaldehyde, under similar conditions,

also give rise to 2.3-butylene glycol in presence of B. lactis aerogencs, but no

acetylmethylcarbinol is produced. In these three cases a carbon synthesis

is involved, analogous to that which occurs in the butyric fermentation of

glycerol and lactic acid.

3. The fermentation of citric and malic acids, of dihydroxyacetone, and of

peptone water, gives rise to neither carbinol nor glycol.

EEFERENCES.

% 1. Harden and Walpole, ' Eoy. Soc. Proc.,' 1906, B, vol. 77, p. 399.

2. Harden, 'Chem. Soc. Journ.,' 1901, p. 610.

3. Grimbert, 'Compt. Rend.,' 1901, vol. 132, p. 706.

4. Desmots, 'Compt. Eeud.,' 1904, vol. 138, p. 581.

ii. Harden, ' Roy. Soc. Proc.,' 1906, B, vol. 77.

6. Harden and Walpole, ' Roy. Soc. Proc.,' 1906, B, vol. 77, p. 399.

7. Walpole, 'Roy. Soc. Proc.,' 1911, B, vol. 83, p. 272.

8. Thompson, 'Roy. Soc. Proc.,' this vol., ji. 500.

9. Fitz, 'Ber.,' 1880, vol. 13, p. 1309.

10. Buchner and Meisenheimer, 'Ber.,' 1908, vol. 41, p. 1410.

11. Bang, 'Biochem. Zeitschr.,' 1907, vol. 2, p. 271.

12. Harden and Walpole, 'Roy. Soc. Proc,,' 1906, B, vol. 77, p. 399.

13. Harden, 'Chem. Soc. Journ.,' 1901, p. 610.

14. Macnair, 'Chem. News,' 1887, vol. 55, p. 229.

Habbison and Sons, Printers in Ordinary to His Majesty, St. Martin's Lane.



[Reprinted from the Proceedings of the Royal Society, B. Vol. 85] i/^ / J

The Bacterial Production ofAcetyhnethylcarhinol and 2.3-Butylene

Glycolfrom Various Suhstayices.—-II.*

B7 Arthur Harden, F.R.S., and Dorothy Norris, Biochemical Department,
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The action of B. suUilis (Cohn), B. mesentericus vulgatus (Fliigge)

{B. vulgatus (Fliigge) Migula), and Tyrothrix tenuis (Duclaux) {B. tenuis

(Duclaux) L. and N".)on various substances has been investigated by Per^(l).

This observer, on distilling his various culture media, obtained Isevo-rotatory

distillates strongly reducing to Fehling's solution. In all cases he concluded

that the volatile substance present was glyceraldehyde, and upon his

results based a tlieory that sugars undergoing bacterial fermentation break

down primarily to a triose, that is to say, glycerose.

He was, however, unable to characterise his compound satisfactorily ; for

example, it did not give Schiff's reaction, no osazone was obtainable, and

although in some cases he obtained small quantities of lead, calcium, and

barium salts of an acid formed by the oxidation of his volatile substance with

nitric acid, which he took for salts of glyceric acid, the quantities analysed

were so small that no reliance can be placed upon the results. Moreover

none of his salts was obtained in crystalline form.

Soon after the appearance of Perm's work Wohl (2) succeeded in preparing

glyceraldehyde in a pure state, and found that it was non-volatile in

steam, that it gave Schiff's reaction, and also formed a highly characteristic

osazone, M.P. 131° C. It seemed therefore impossible that the volatile

substance obtained by Pur^ could have been glyceraldehyde, and a further

investigation of the subject has therefore been made.

In a previous communication (3) the action of B. ladis aerogenes and

B. cloacce on many carbohydrates, alcohols, etc., has been described. With

glycerol itself the liquid obtained on distilling the culture medium was

absolutely without reducing power. In the majority of cases, however,

the distillate possessed reducing power which was shown to be due not

to the presence of glyceraldehyde, but to that of acetylmethylcarbinol,

CH3-CH(OH)CO-CH3, the substance responsible for the Voges and Proskauer

reaction (4), which had previously been observed as a product of the

bacterial fermentation of glucose by Grimbert (5). The above experiments

were carried out under anaerobic conditions, but Walpole (6) has shown that

* For first part see paper read February 1, B, vol. 84. p. 492.
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the yield of carbinol may be increased by aerobic culture. The whole of

Pere's experiments were carried out under aerobic conditions, and although

he employed different organisms from those given above, they have all been

shown by Desmots (7) to be capable of producing acetylmethylcarbinol

under suitable circumstances. Desmots, in fact, describes experiments very

similar to those carried out by Pere, but makes no mention of the possible

formation of glyceraldehyde. It seems therefore not at all unlikely that

Pere's volatile reducing substance was acetylmethylcarbinol and not glycer-

aldehyde. His experiments have accordingly been repeated, using identical

culture media and conditions of growth, and the results of these investiga-

tions form the subject of the present communication. In addition to

repeating Pere's experiments a quantitative estimation of the action of

B. lactis aeroyenes on glycerol has been made. In this case neither acetyl-

methylcarbinol nor glyceraldehyde is obtained.

Action o/B. subtilis and B. mesentericus vulgatus on Mannitol and Tyrothrix

tenuis on Glucose.

The culture media were made up exactly in the same way as those used by

Per^, and in the case of the first two organisms named consisted of 20 grm

of mannitol in 200 c.c. water containing 2 grm. ammonium phosphate, 1 grm.

ammonium sulphate, and 0'4 grm. potassium phosphate. For the experiment

with Tyrothrix tennis 5 grm. of glucose were made up to 100 c.c. with broth.

After sterilisation and inoculation with the organism in question, the various

culture media were incubated at 37° C. In every case growth was continued

for 30 days, after which time the cultures were worked up according to

Pore's directions. To take one example—the action of B. subtilis on mannitol

—

after the 30 days' incubation the culture medium was made acid with citric

acid and distilled, the distillate was found to be strongly reducing and

Isevo-rotatory, and also gave a very strong Voges and Proskauer reaction,

which is characteristic of acetylmethylcarbinol, but is not given by glycer-

aldehyde. The remaining distillate was then made alkaline and again

distilled, yielding a second time a reducing Isevo-rotatory body giving the

Voges and Proskauer reaction. This second distillate was then steam-distilled

for three hours, and by the end of that time the whole of the reducing body

had passed over with the steam, the residue being non-reducing and optically

inactive. The steam distillate, on the other hand, was still la^vo-rotatory,

reducing, and gave the Voges and Proskauer reaction. An osazone was

prepared from this distillate and gave a definite melting point of 243° C,

corresponding to the phenylosazone of diacetyl, which is always obtained

from acetylmethylcarbinol in this manner. In a similar way the action of
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B. mesentericus vulgatus and Tyrothrio: tenuis on mannitol and glucose respec-

tively was also examined and similar results obtained.

The Action o/Tyrothrix tenuis on Glycerol.

This offered a case of much greater interest, as the formation of

acetylmethylcarbinol would involve a carbon synthesis, and does not take

place from this substance when B. lactis a'erogenes is used under anaerobic

conditions.

Perth's directions were again carefully followed, 5 grm. of glycerol were

made up to 100° C. with broth, and, after sterilisation and subsequent

inoculation, were incubated at 37° C. for 30 days. An investigation of the

culture medium, as described above, again showed the presence of acetyl-

methylcarbinol, which passed over into the distillate, and was characterised

by the preparation and analysis of the osazone, as well as by the Voges and

Proskauer reaction. The lead, calcium, and barium salts of the oxidation

products analysed by Per^, and believed by him to be the salts of glyceric

acid, were in all probability the salts of lactic acid. As he was only able to

analyse extremely small quantities (0'032 grm. of a lead salt containing

50 per cent. Pb) of non-crystalline substances, the experimental error was

probably too great for him to distinguish between these two acids. There is

therefore no evidence to show that glyceraldehyde is produced in the

above fermentations, and the theory that sugars undergoing bacterial

fermentation are first broken down to trioses derives no support from this

investigation.

The Action of B. lactis aerogenes {Esclicrich) on Glycerol under Anaerobic

Conditions.

The experiments previously described were all carried out under aiirobic

conditions, and, as an example of anaerobic decomposition, the action of

B. lactis aerogenes on glycerol has been studied. This organism under these

conditions forms acetylmethylcarbinol from all the hexoses, but produces

none from glycerol, no reducing substance at all being found among the

products of the reaction.

The method of investigation was substantially that used by Harden (8), the

gases, however, being collected and measured in the apparatus devised by

Harden, Thompson, and Young (0). The organism was grown in an

atmosphere of nitrogen, the medium consisting of 1 per cent. "VVitte's

peptone solution containing 10 per cent, of glycerol, sufficient chalk being

added to neutralise the acids formed during fermentation. In the glycerol

experiments quoted, the times of growth were respectively five weeks,
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two weeks, and four weeks. A different strain of the organism was used in

Experiment 1 from that used in Experiments 2 and 3.

The glycerol added, and the amount unfermented, were estiniated by-

means of the method of Zeisel and Fanto (10), as described below.

Estimation of the Residual Glycerol.—100 c.c. of the liquid in which the

organism had grown were evaporated at a low temperature under reduced

pressure, in order to ensure the removal of all alcohol. The residue was

then taken up in a small quantity of water, the volume made up to 100 c.c.

with water, and 5 c.c. of this solution taken for the estimation.

Search for AcetylmethylcarMnol.—A portion of the culture medium was

distilled and the distillate tested for reducing power with Fehling's

solution. In every case the distillate was found to be non-reducing and the

absence of acetylmethylcarbinol was further confirmed by trying the Voges

and Proskauer reaction, which was invariably negative. It was also found

impossible to prepare any osazone.

Detection of t.o-Butylenc Glycol.—This substance was detected and estimated

as previously described, the estimation being made on 300 c.c. of the culture

medium in which the organism had been grown. In every experiment this

glycol was found to be present, the other products being ethyl alcohol, formic,

lactic, and succinic acids, carbon dioxide, and hydrogen.

The diacetylphenylosazone prepared from the oxidation product of the

butylene glycol was analysed and gave the following results :

—

01372 grm. substance gave 0-3656 grm. CO2 and 0-0876 grm. H2O.

C = 72-6 per cent. ; H = 7 per cent.

0-0950 grm. substance gave 17'5 c.c. N at 21° C and 7G5-5 mm. N = 21-12

per cent.

CisHisNi requires C = 72-2 per cent., H = 6-8 per cent, N = 21-05 per

cent.

The lactic acid produced was also characterised by the preparation and

analysis of the zinc salt and by Fletcher and Hopkins' reaction (11).

0-1500 grm. of the zinc salt dried at 105° C. gave 0-0499 grm. ZnO.

ZnO = 33-28 per cent.

(C3H503)2Zn requires ZnO = 33-4 per cent.

The analysis of the calcium salt prepared from the succinic acid formed

gave the following results :

—

0-0550 grm. substance gave 0*0202 grm. CaO. CaO = 36-7 per cent.

(C4H404)Ca requires CaO = 35-9 per cent. The pure acid was also isolated

in this case and gave M.P. 183-4° C.

The percentage of these substances on the weight of glycerol fermented is

shown in the following table. Columns 1, 2, and 3. Columns 4 and 5
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show for comparative purposes the result of the action of B. ladis aerogencs

on glucose and manuitol respectively.

Table I.
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glucose. It would be interesting to find whether the same relationship holds

in the case of glycerol and glyceraldehyde. Formic acid (or its decomposi-

tion products, CO2 and H2) and alcohol, which might be formed according to

the equation

C3H803=C2H60 + CH202.

make up 64—77 per cent, of the glycerol fermented.

Summary.

1. The volatile reducing substance obtained by Pere in the aerobic

fermentation of manuitol by B. suhtilis and B. mcscntcricus indrjatus, and of

glucose and glycerol by Tyrothriv tenuis, is acetylmethylcarbinol, which is

readily volatile in steam, gives the Yoges and Proskauer reaction, and forms

the phenylosazone of diacetyl.

2. The action of B. lad is aerogcncs on glycerol, under anaerobic conditions,

does not give rise to any reducing substance.

The ^oducts of this decomposition have been quantitatively estimated and

are as follows :—Ethyl alcohol, formic, acetic, lactic and succinic acids, carbon

dioxide, hydrogen and 2.3-butylene glycol.

{Note added Fehruary 29, 1912.—Since writing the foregoing paper our

attention has been called to a paper by Fernbach* in which he shows that

T. tenuis acts both on glucose and glycerol with the production of non-

volatile dihydroxyacetone. Volatile reducing substances were also formed

which he regards as a mixture of methylglyoxal and formaldehyde. Since

neither of these substances is optically active they cannot be identical with

the Isevo-rotatory substance obtained by Pere and ourselves, so that Fern-

bach's observations in no way disprove our conclusion that the optically

active, volatile substance produced is acetylmethylcarbinol.]
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Action of Dissolved Substances upon the Autofermentation
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(From the Biochemical Depai-tment, Lister Institute.)

During experiments upon the permeability of the yeast-cell it was found

that, when yeast was immersed in a molar solution of sodium chloride, and

allowed to stand at air temperature, the amount of gas produced by auto-

fermentation was considerably greater than that given by a water control.

The production of carbon dioxide by autofermentation of yeast is

brought about by the action of at least two enzymes. The reserve material

of the cell, for the most part glycogen, is first converted by a glycogenase

into a sugar, which in turn is fermented by zymase with the production of

alcohol and carbon dioxide. As the rate of autofermentation is con-

siderably less than that produced by the same yeast in presence of excess

of sugar, it follows that the rate of autofermentation is controlled by the

rate of production of sugar within the cell, in other words, by the rate of

action of the glycogenase. An increase in the rate of autofermentation,

therefore, indicates greater activity of this enzyme within the cell. In

order to investigate the action of solutions of various salts upon the rate

of autofermentation of yeast, this was ascertained by measuring the volume

of carbon dioxide evolved during successive intervals of time by means of

the apparatus described by Harden, Thompson, and Young (1). The yeast

employed was prepared from top-yeast as obtained from the brewery by

pressing out the wort in a small hand press, it having been demonstrated (2)

that practically the whole of the interstitial liquid can be removed in this

way. A certain weight of such pressed yeast was carefully weighed into

each of the fermentation flasks, and treated with a certain volume of the

various liquids under experiment, controls being made with water. The

li(iuids were saturated with carbon dioxide at 25°, the temperature of the

water-bath.

1. Effect of Sodium Chloride and other Salts upon the Autofermentation

of Yeast.

When yeast was immersed in molar sodium chloride solution the rates

of evolution of gas during the first six successive intervals of 20 minutes
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were 10-6, 84, G-G, 4-9, 4-8, 48 c.c, as against 4-9, 4% .",•."., 29, 2-8, 2-7 c.c.

when the same weight of yeast was immersed in water. In the former case

fermentation practically came to an end after six hours, at which time

GO c.c. of gas had been collected as against 31 c.c. from the water control

(Table I). In the latter case evolution of gas continued steadily until, after

about 60 hours, the volume of gas was identical with that from the sodium

chloride experiment.

Table I.—Effect of Sodium Chloride upon the Autofermentation of Yeast.
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slight difference is observable in the effect of concentrations ranging from

0'7 to 1*1 molar.

Experiments made with other salts showed that the phenomenon described

for sodium chloride is a general one for all salts, both of inorganic and

organic acids. The following salts were all found to give positive results

:

Chlorides of sodium, potassium, lithium, ammonium, magnesium, calcium,

and barium ; sulphates of sodium, potassium, ammonium, and magnesium
;

sodium salts of phosphoric, hexosephosphoric, arsenic, acetic, malic, citric,

lactic, pyruvic, and glyceric acids.

With the salts of organic acids, the possibility exists that these may

themselves be the source of the carbon dioxide, Neubauer (o) and Neuberg,

Hildesheinier, Tir, and Karczag (4, 5, 6) have, in fact, stated that some

races of yeast are capable of producing carbon dioxide from salts of lactic,

glyceric, pyruvic, oxalacetic, and many other acids. As this phenomenon is

accompanied by the disappearance of the acid in question, it can readily be

distinguished from that which forms the subject of the present paper.

2. The Nature of the Effect Produced hy Stdts on the Autofcrmcntcdion of

Ycad.

It seemed advisable at the outset to ascertain experimentally if the

increase in the rate of gas production were actually due to stimulation of the

glycogenase, as was to be expected, or of the zymase. The sugar fermentation

of 1 grm. of yeast immersed in molar sodium chloride gave only 1*7 c.c. of

carbon dioxide per five minutes, as against 4*1 c.c. in the case of a water

control. The action of the zymase is therefore inhibited rather than

enhanced by this treatment. The increase in the rate of autofermentation

would accordingly seem to result from a more efficient working of the

glycogenase.

This might be duo to one or more of the following causes :—

(1) To some specific action of the salt employed.

(2) To a concentration within the cell by removal of water as a result of

plasmolysis.

(3) To removal from the cell of some substance or complex which has an

inhibitory or controlling action upon the rate of glycogen fermentation.

(4) To disorganisation of the cell, whereby the factor controlling the access

of" enzyme to glycogen is in some way modified.

(5) To "hormone" action of the substance on the lines suggested by

H, E. and E. F. Armstrong.

(1) S]jceific Action.—In order that a specific action should be exerted, it is

essential that the agent should be capable of entering the cell. As regards



451 Messrs. Harden and Paine. Action of Dissolved [Oct. 17,

this question, in an earlier work* the conclusion was reached that most salts

are probably not capable of penetrating beyond the outer layers of the

cytoplasm. This would render any specilic action upon the enzyme very

doubtful. Moreover, it is improbable that so many different salts should

exert a similar effect. Further, such action, if exerted in the cell, should also

be exhibited in the contents after removal from the cell. The following talde

shows the result of addition of salt to yeast-juice both in presence and absence

of added sugar :

—

Table III.—Effect of Sodium Chloride upon Fermentation by Yeast-juice.
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Table V.—Showing Effect of Molar and Docimolar Solutions of Sodium

Chloride.

Time, in

liovirs.
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Table VII.—Effect of Solutioiis Iso-osiiiotic with 0*5 Molar Potassium

Nitrate.

No. 84
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substance which would produce no pLasmolysis of yeast even in concentrated

sokition, and to show that it woukl not cause acceleration. In earlier

experiments urea was found to produce no plasmolysis at molar concentra-

tion. The determination of the effect of this substance upon the rate of

autofermentation was therefore of first importance. In one experiment molar

urea was compared with molar sodium chloride and water. The urea was

found to be without influence, as shown in the curves (p. 453).

In the following experiment (No. 85) the effects of isotonic solutions of

urea, sodium chloride, and potassium nitrate were compared.

Table VIII.—Effect of Urea Solutions.

No. 85
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Table IX.—JSliowing Diifusion of Urea into the Yeast-cell.
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Table XL—Effect of Partial Desiccation in Vacuo.

Time.
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Other instances of the same effect are the following, all of which refer to

10 grui. of yeast :

—

Table XIIL—Effect of Toluene.

Date.
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twice molar), but above this concentration plasmolysis became well marked.

Tlio influence of alcohol solutions on the autofermentation of yeast is shown

by the following curves, which apply to 10 grm. of yeast :

—

Concentrations of alcohol which plasmolyse the cells produce a consider-

able increase in the rate of autofermentation. With 20 per cent, the action

of the enzyme almost came to an end after about seven Iiours, at which

time 147 c.c. of gas had been collected as against 52 c.c. from the water

control. The weaker concentrations of alcohol at first produced an inhibitory

effect upon the rate. After a short time, however, the rate increased, and
then slightly exceeded that of the water control.

Eventually, after eight days, the volume of gas yielded from each, with

the exception of that in presence of 20 per cent, alcohol, was practically

identical and approximately equal to 200 c.c,
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The Iteliaviour of alcohol, thoreforo, is in accord with that of urea, although

the effect is not quite so simple.

Summary.

1. All dissolved substances which plasmolyse the yeast-cell also cause a

large increase in the rate of autofermentation.

2. Substances such as urea, which even in concentrated solution do not

produce plasraolysis, have no accelerating effect.

3. Toluene produces a similar effect to concentrated salt solutions.

4. The effect produced by salts is probably a direct result of the con-

centration of the cell contents due to plasmolysis, but in the case of toluene

it is possible that some other factor (such as disorganisation of the cell, or

hormone action) is concerned.
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Mit 3 Figuren im Text.

In einer Anzahl neuerer Arbeiten hat A. v. Lebedew^)

eine Theorie der alkohohschen Garung aufgestellt, nach welcher

eine Hexose in Kohlensaui'e und Alkohol in der folgenden

Weise zerlegt wird:

1. C,H,A = 2C3H,03

2. 2C3Hg03 + 2RHP0^= 2C3H5O2RPO4 + 2H2O

3. 2C3HARPO,= C,H,,0,(RPOJ,

4. C,H,,0,(RP0J, + H,0 = C3H,0H + C03

+ C3HARP0, + RHP0,

5. CeH,oO^(RPOJ,+2H,0=2C2H,OH-^2C02-f2RHPO,

Diese Theorie stiitzt sich auf die Tatsache, daB der durch

Macerierung mit Wasser von lufttrockener Hefe dargestellte

Hefesaft Dioxyaceton prompt vergart und bei Gegenwart von

Phospliat in ein Hexosephosphat iiberfiihrt, das mit dem aus

Glucose, Fructose oder Mannose unter gleichen Bedingungen

gewonnenen identisch ist. Dies ist eine Modifikation der friiher

von Iwanoff ^) formuherten Hypothese, die er auf Grund seiner

Untersuchungen mit Zymin und Hefanol entwickelte, daB

bei der Hefegarung von Hexosen der Zucker depolymerisiert

1) A. Lebedew, Compt. rend. 153, 136, 1911; Bull. Soc. Chim. 9,

678, 1911; Ber. d. Deutsch. chem. Ges. 44, 2932, 1911.

2) Iwanoff, Centralbl. f. Bakt., Abt. II, 24, 1, 1909.
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wird. Die dabei entstandenen Produkte bilden dann bei

Reaktion mit Phosphorsiiure ein Triosephosphat, aus welchem

Kohlensaure, Alkohol und freies Phosphat entstehen. Seitdem

ist nachgewiesen worden, daB die phosphororganische Verbindung

ein Hexose-diphosphorester ist, aber hiervon abgesehen haben

Harden und Young^) gezeigt, daB Iwanoffs Theorie den

Tatsachen widerspricht, und die danials erbrachten Beweis-

griinde konnen ebenso zur Entkraftung der von Lebedew
modifizierten Theorie dienen. Auf die Garung des Dioxyacetons

wird spater eingegangen werden. Diese beiden Theorien haben

das Gemeinsame, daB die Hexosephosiiliorsaure, Iwanoffs Triose-

phosphorsaure, als ein der Bildung von Alkohol und Kohlensaure

vorangehendes Zwischenprodukt angesehen wird.

Die Verfasser haben wiederholt gezeigt, daB durch Phos-

phatzusatz zu einem Gemiseh von Hefesaft oder Zymin und

emer Hexose, die mit konstanter Geschwindigkeit gart, eine

auffallende Beschleunigung in der Garung auftritt, bis ein

Maximum erreicht wird. Diese erhohte Geschwindigkeit dauert

kurze Zeit an, fallt plotzlich ab und kehrt zu ihrem urpriing-

lichen Wert zuriick. Die Kohlensaure- und Alkoholmengen,

die in dieser Zeit im UberschuB gegen die in Abwesenheit

von hinzugefiigtem Phosphat auftretenden gebildet werden, sind

chemisch diesem letzteren nach folgender Gleichung aquivalent:

(1) 2CsHi20e + 2Na.,HP0^ = 200^ + 2C2H6O

+ C,H,„0,(P0,Na,), + 2H,0.

Nach dieser Periode findet man iiberdies das ganze Phos-

phorsalz als Hexosephosphat vor. Die Bildung von Hexose-

phosphat wird, wie man hieraus sieht, von einer alkoholischen

Garung begleitet, deren Umfang ganz genau der Menge des

hinzugesetzten Phosphats entspricht. Die Garungsgeschwindig-

keit nimmt rapid ab, sobald alles freie Phosphat in Hexose-

phosphat umgeformt ist, obgleich die Konzentration des

letzteren gerade dann auf der Hohe ist. Wenn die Bildung

von Hexosephosphat derjenigen der Kohlensaure und des

Alkohols voranginge, miiBte das Umgekehrte eintreffen — die

GroBe der alkoholischen Garung miiBte sich dann proportional

zu derjenigen des gespaltenen Hexosephosphats verhalten, wah-

1) Harden und Young, Centralbl. f. Bakt., Abt. II, 26, 179, 1910.
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rend die Garungsgeschwindigkeit des Hexosephosphats von seiner

Konzentration abhangen und am groBten sein miiBte, wenn

letztere den hochsten Grad erreicht hat.

Die Ubereinstimmung in der zugefiigten Phosphat- und

der darauf gebildeten Garungsmenge ganz auBer acht lassend.

sucht Lebedew^) diese Anomalie dadurch zu erklaren, daB

das Hexosephosphat selbst die Garungswirkung hemmt, sobald

seine Konzentration eine gewisse Grenze iiberschritten hat.

DaB hierin unmoghch der Grund in der Geschwindigkeits-

abnahme unter den obwaltenden Versuchsbedingungen hegen

kann, geht klar aus der Tatsache hervor. daB sich bei Zusatz

von mehr Phosphat die Erscheinung wiederholt. Die Garungs-

geschwindigkeit steigt wieder an, bis ein Extraquantum Kohlen-

saure und Alkohol, jener neuen Phosphatmenge entsprechend,

gebildet worden ist, fallt dann plotzHch auf denselben konstanten

Wert wie im Anfang, und alles Phosphat ist dann als Hexose-

phosphat zugegen. Daher entsprechen Lebedews Gleichungen

in dieser Hinsicht nicht den aus Experimenten gewonnenen

Resultaten und konnen folghch nicht als giiltig angesehen

werden. Auf das aus unseren Versuchen gesammelte Beweis-

material beziiglich dieser Phanomene haben wir verschiedentHch

hingewiesen. Zur Orientierung iiber die Versuche, welche die

obigen Punkte behandeln, vergleiche man (fiir Hefesaft) Proc.

Roy. Soc. B. 77, 415, 1906 und (fiir Zymin) Centralbl. f. Bakt.,

Abt. II, 26, 181, 1910.

Reaktion des Lebedewschen Macerationssaftes luit Phosphat.

Der nach der Lebedewschen Methode, Maceration von

getrockneter Hefe, dargestellte Saft zeigt dasselbe Verbalten,

wie aus den folgenden Versuchen ersichthch ist.

Es kam die von Schroder in Miinchen hergestellte und

von Lebedew^) benutzte Trockenhefe zur Anwendung. Mace-

ration und Filtration wurden genau nach den Vorschriften des

letzteren ausgefiihrt.

Die Garungsversuche wurden bei 25" in Gegenwart von Tohiol in

dem schon beschriebenen Apparat^) angestellt, so daB Messungen der

1) Lebedew, Ber. d. Deutsch. chem. Ges. U, 2938, 1911.

2) Lebedew, Ber. d. Deutsch. chem. Ges. 44, 2935, 1911.

^) Harden, Thompson und Young, Bioch. Journ. 5, 230, 1910.

a*
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Garungsmengen jede 5 Minuten vorgenommen werden konnten. Alle

Fliissigkeiten wurden vor Beginn jedes Versuchs mit CO2 gesattigt und

die Garkolben vor jeder Ablesung tiichtig geschiittelti).

Das freie Phosphat wurde mittels Fallung mit Magnesiumcitrat-

gemisch bestimmt und als Mg2P207 gewogen. Der durch Maceration

von Trockenhefe dargestellte Hefesaft enthalt ungebundenes Phosphat,

so daB bei Hinzufiigung von Zucker ein hoher Anfangswert der Garung

erzielt wird, der, sobald dieses Phosphat in Hexosephosphat iibergefiihrt

ist, auf einen konstanten Wert heruntergeht. Das wahrend dieser

Periode iiber die der konstanten Geschwindigkeit entsprechende Menge

gebildete Kohlendioxyd entspricht ganz genau dem freien, im Saft vor-

handenen Phosphat. Wenn nach Ablauf dieser Zeit ein neues Quantum

Phosphat zugesetzt wird, wiederholt sich derselbe Vorgang. Alle diese

Momente kommen in dem ini folgenden beschriebenen Versuch deutlich zur

Geltung, wo drei Proben mit je 20 com Maoerationssaft im Garschrank

20 Minuten lang angesetzt wurden.

Nr. 1 wurde dann gekocht, abfiltriert und das freie Phosphat im

Filtrat bestimmt. Nr. 2 und 3 wurden mit je 5 ccm einer Losung von

2 g #'ructose versetzt, die vorher bei 25" mit CO2 gesattigt worden war.

Die Garungsmengen wurden hierauf beobachtet und in der folgenden

Tabelle zusammengestellt.

Tabelle I.

Zeit
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Freies Phosphat in den urspriinglichen 20 ccm = 0,3129 g Mg2P207

nach 40 Minuten . . . . . = 0,0420 g

Verestert 0,2709 g Mg2P207

entsprechend 54,8 ccm COg bei normalem Druck und Temperatur

(Mg2P207 = 2C02).

Nr. 2 Nr. 3

Gesamtmenge von CO2 in 40 Minuten . . = 94,9 ccm 98,9 ccm

Korrektur fiir konstanten Wert = 5 ccm

in 5 Minuten =40 ,,

Entwickelte CO2 bei 15,2*' und 761,2 mm
Druck auf Grund des freien Phosphats

Bei normaler Temperatur und Druck . .

40

54,9 ccm 58,9 ccm

=-51,2 ccm 54,9 ccm

Dem Kolben Nr. 3 wurden nach diesen 40 Minuten 5 ccm einer

annahernd 0,3 molekularen Losung Na2HP04 zugesetzt, die Fructose

enthielt und bei 25° mit CO2 gesattigt wurde. Alle 5 Minuten Ablesungen

wie vorher.

Tabelle II.

Zeit nach Hinzu-
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auf der hemmenden. durch Anhaufung von Hexosephosphat

ausgeiibten Wirkung auf den GarungsprozeB beruht, sondern

auf dem Verschwinden von freien Phosphaten aus der Losung

infolge deren Umwandlung in Hexosephosphat. Dieser Versuch

zeigt auch, daB das ungebundene Phosphat der Kohlensaure,

welche infolge seines Vorhandenseins entwickelt wird, vollstandig

aquivalent ist.

V. Le be dews Gleichungen sind mithin, soweit sie die

COg- und Alkoholbildung als derjenigen von Hexosephosphat

folgend anstatt sie begleitend darstellen, ungenau.

Vergleich der Garungsmengen von Hexosephosphat allein

und in Gegenwart von Zucker.

Nach der schon friiher geauBerten Ansicht der Autoren^)

wird Hexosephosphat durch ein im Hefesaft vorhandenes Enzym

(Hexosephosphatase) in Hexose und freies Phosphat gespalten.

(2) CeH,„0,(PO,R,), -f 2H,0= C^H.^Oe+ 2R,HP0,.

Letzteres tritt dann wieder bei vermehrten Zuckermengen

in die oben (1) angegebene Reaktion. Die konstante Garungs-

menge, die bei einem UberschuB von Zucker nach Verwandlung

des gesamten Phosphats in Hexosephosphat sich ergibt, wird

auf diese Weise durch die Geschwindigkeit bestimmt, bei der

das Phosphat gemaB der Gleichung (2) in Freiheit gesetzt

wird. Daraus folgt, daB wenn man Hefesaft auf Hexose-

phosphat bei Abwesenheit von Zucker einwirken laBt, die

Garungsprodukte geringer als bei dessen Anwesenheit sein

miiBten, da die durch Hydrolyse von Hexosephosphat ent-

standene Zuckermenge nur halb so groB ist, wie sie zur Re-

aktion mit dem in derselben Zeit freigewordenen Phosphat

erforderlich ist.

Nach Lebedews Theorie miiBte die anfangliche Garungs-

geschwindigkeit des Hexosephosphats bei Ab- wie Anwesenheit des

Zuckers gleich groB sein, da das Hexosephosphat unmittelbar

der Bildung von Kohlensaure und Alkohol vorangeht. In den

folgenden drei Versuchen mit Macerationssaften aus drei Proben

von Schroders Hefe werden diese Werte verghchen. Das

Hexosephosphat wurde im Saft vorbereitet, indem man einen

1) Harden und Young, Proc. Roy. Soc. B. 80, 299, 1908.
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geringen UberschuB voa dem. zur Umwandlung des gesamten

freien. im Saft vorhandenen Phosphats in Hexosephosphat not-

wendigen Zucker hinzufiigte. Wenn dieser Punkt erreicht wurde,

fiel die Garungsmenge auf den konstanten Wert herab, blieb

eine Zeit lang im Verhaltnis zu dem iiberschiissigen Zucker

auf dieser Stufe und sank dann auf den niedrigeren Hexose-

phosphatwert, in dem MaI3e, wie sich der im CbermaB vor-

handene Zucker erschopfte. Fiigte man in diesem Augenblick

neuen Zucker hinzu. so wurde ein sofortiges Zuriickgehen auf

den hoheren konstanten Wert beobachtet.

1. Versuch. Zwei Gemische mit je 20 ccm Macerationssaft, 0.5 g
Fructose enthaltend, wurden im Brutschrank angesetzt und ihre Garung
beobachtet. Es wurde ein Maximum von 28 ccm pro 5 Minuten erreicht,

das nach 25 Minuten auf 6 ccm und nach 35 Minuten auf 1,5 ccm per

5 Minuten herabsank. Eine dritte Probe von 20 ccm, der man 2 g iiber-

schiissigen Zucker hinzugefiigt hatte, ergab denselben hohen Maximal

-

wert, jedoch fiel dieser nur auf 5 ccm in 5 Minuten und blieb damit

konstant.

Nach 35 Minuten versetzte man die erste Probe mit 0,5 g Fructose,

die zweite dagegen nicht — die Garungen hielten an. Die Ergebnisse

erhellen aus der Tabelle III (1).

2. Versuch. 90 ccm Hefesaft wurden mit 5g Fructose und 15 ccm

einer 0,3 molaren Losung Na2HP04 im Thermostat angesetzt, bis alles

freies Phosphat gebunden und der tJberschuB an Zucker aufgebraucht war.

Aus diesem Gemisch wurden zwei Portionen von je 20 ccm entnommen,

die eine wurde mit 5 ccm Wasser, die andere mit 5 ccm, 1 g Fructose

enthaltend, versetzt. Die Resultate sind in Tabelle III (2) zusammen-

gestellt.

Tabelle III.

Zeit nach
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sich erliielt. um dann aus Mangel an Zucker eine Tendenz zur weiteren

Abnahme zu zeigen. Zu dieser Zeit warden zugesetzt:

Zu (1) lOccm neutralisierte Losung von Hexosephosphorsaure (8,5 g

Saure in 100 ccm);

zu (2) 15 ccm der obigen Hexosephospbatlosung;

zu (3) 10 ccm Hexosepbosphat -^ 0,5 g Glucose.

Alle drei Gemiscbe wurden auf dasselbe Volumen mit Wasser auf-

gefiillt. Die Garmengen sind in Tabelle IV angegeben.

Tabelle IV.

Zeit nach
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Kohlenliydraten erklaren, die bekanntlich in der Fliissigkeit

stattfindet^), und durch die heminende Einwirkung des nach

der Hydrolyse von Hexosephosphat sicli anhaufenden freien

Phospliats^).

Die Versuclie von Euler und Ohlsen.

Euler und Ohlsen^) behaupten, einen Macerationsextrakt

aus einer besonderen Hefeart dargestellt zu haben, welcher gar

keine Wirkung auf Glucoselosung ausiibt, bevor diese nicht

erst teilweise durch lebende Hefe angegoren ist. Ein solcher

Extrakt ist dann fahig, aus dieser so behandelten Glucose und

Phosphat Hexosephosphat zu bilden, ohne zugleich Kohlensaure

zu entwickeln. Sollte diese Beobachtung Bestatigung finden, so

wird es wichtig sein festzustellen, ob das produzierte Hexose-

phosphat dem ganzen aufgebrauchten Zucker restlos entspricht,

oder ob irgendeine andere Substanz, der Natur nach ein Zwischen-

produkt zwischen Zucker einerseits und Alkohol und Kohlensaure

andererseits, gleichzeitig gebildet wird. Mit anderen Worten,

es besteht die Moghchkeit, erstens, daB die Garung des Zuckers

stufenweise vor sich geht: im ersten Stadium vollzieht sich

synchron aus 2 Molekiilen Zucker die Bildung von Hexose-

phosphat und einer anderen Substanz, -die weiterhin im zweiten

Stadium in Kohlensaure und Alkohol zersetzt wird, und zweitens,

daB der von Euler und Ohlsen bereitete Saft nicht das zur

vollstandigen Spaltung notwendige Enzym enthalt. DaB die

Theorie der Autoren mit der Bildung eines solchen Zwischen-

produktes nicht im Widerspruch steht, ist schon ausgefiihrt

worden*).

Garung von Dioxyaceton.

Als die Theorie, daB wir in der Milchsaure das Mittelglied

bei der Zersetzung der Zuckerarten durch Hefe in Kohlensaure

und Alkohol ansehen miissen, durch Slators") Versuche un-

1) Harden und Young, Ber. d. Deutsch. chem. Ges. 37. 1052, 1904.

2) Harden und Young, Proc. Roy. Soc. 80, 304, 1908.

3) Euler und Ohlsen, diese Zeitschr. .?7, 313, 1911; Zeitschr. f.

physiol. Chem. 76,. 468, 1912.

4) Harden und Young, Proc. Roy. Soc. B. 82, 329, 1910.

5) Slator, Journ. Chem. Soc. 89, 141, 1906; 93, 231, 1908; Ber.

d. Deutsch. chem. Ges. 40, 123, 1907.
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haltbar wurde, kamen Buchner und Meisenheimer auf

ihrer weiteren Suclie nach einer Zwischensubstanz darauf,

die Wirkung von Hefe und Hefesaft auf Methylglyoxal,

Glycerinaldehyd und Dioxyaceton zu erproben. Schon vorher

war von G. Bertrand^) gezeigt worden, dafi lebende Hefe

die letztgenannte Substanz sehr langsam vergart. Buchner
und Meisenheimer-) fanden, daB Methylglyoxal durch lebende

Hefe oder Hefesaft nicht in Garung versetzfc wird, daB aber

sowohl Dioxyaceton wie Glycerinaldehyd durch PreBhefe lang-

sam und durch Hefesaft sehr langsam vergoren werden. Wenn
Hefesaft, der im Vakuum auf die Halfte eingeengt war, mit

gekochtem, ebenfalls auf die Halfte seines Volumens konzen-

trierten Saft (Koenzym) versetzt wurde, so konnte die Mischung

Dioxyaceton in 2°/piger Losung fast ebenso restlos ^^^e Glucose

vergaren. Buchner und Meisenheimer betrachteten deshalb

diesen Stoff als ein moglicherweise intermediares Produkt der

alkoholischen Garung. In jiingster Zeit hat v. Lebedew
entdeckt, daB der durch Maceration von lufttrockener Hefe

gewonnene Saft auch Dioxyaceton angreift, und berichtet. daB

diese Substanz in Konzentrationen bis zu 5*^/^ so leicht wie

Rohrzucker vergoren wird. Ferner hat er konstatiert, daB dieser

Macerationssaft auBerdem in einer Mischung von Dioxyaceton

und Phosphat die Bildung eines organischen Phosphorsaure-

esters, der mit dem aus Hexosen unter denselben Bedingungen

gewonnenen identisch ist, bewirken kann. Auf diese Versuche

stiitzt sich seine Hypothese, die wir schon oben erortert

haben.

Die Beweisfiihrung Slators betreffs der Milchsaure kanu

auch auf Dioxyaceton angewandt uerden, so daB es, an-

genommen, diese Substanz ist ein Zwischenprodukt bei der Um-
bildung von Zucker zu Kohlensaure und Alkohol, mindestens so

schnell wie Zucker vergoren werden miiBte, vorausgesetzt, daB

seine vorhandene Menge nicht den Garungsvorgang hemmt. Die

letzte Frage wird sofort erledigt, wenn man festgestellt hat, ob

Zusatz von Dioxyaceton zu einer Zuckergarung die Garintensitat

verringert.

1) Bertrand, Ann. Chim. Phys. (8) 3, 181, 1904.

2) Buchner und Meisenheimer, Ber. d. Deutsch. chem. Ges. 43.

1773, 1910.
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Solch ein Vergleich ist vor kurzem fiir lebende Hefe von

Slator^) angestellt worden. Die dabei ermittelten Ergebnisse

fiihren den genannten Forscher zu dem SchluB, daB Dioxy-

aceton nielit direkt durch lebende Hefe vergoren wird und

folglich kein intermediares Produkt bei der Garung der Zucker-

arten sein kann.

Die SchluBfolgerungen, welche B u c h n e r und Meisenheimer
sowie v^. Lebedew aus ihren Versuchen mit HefepreB- und Mace-

rationssaft in bezug auf die Garfahigkeit von Dioxyaceton und

Glucose (oder Rohrzucker) zogen, sind nicht stichhaltig, da

ihre Beobachtungen nur in verhaltnismaBig langen Z\nsclien-

raumen — 3 Stunden und mehr — gemacht wurden und des-

halb kein prazises Bild von dem Gang der Erscheinungen

geben. Wenn dagegen in Zeitravimen von einigen Minuten

anstatt Stunden beobachtet wird, wie dies in den im folgenden

beschriebenen Versuchen geschehen ist, so kommt sofort ein

groBer Unterschied in dem GarprozeB in den beiden Fallen

zum Vorschein.

Versuche iiiit Macerationssaft.

Der folgende Versucli ist typisch fiir mehrere, in welchen

die Wirkung des Macerationssaftes, der nach der v. Lebedew-
schen Methode aus Schroder scher getrockneter Hefe hergestellt

war, auf Rohrzucker, Dioxyaceton-) und ein Gemisch von beiden

Substanzen verglichen wurde.

Jedesmal wurden 20 ccm Saft -|- 0,2 ccm Toluol unter Zusatz von

folgenden Substanzen angesetzt, im iibrigen wurde wie in den schon

beschriebenen Versuchen verfahren:

A. 1 g Rohrzucker,

B. 1 g Rohrzucker -{- 1 g Dioxyaceton,

C. 1 g Dioxyaceton.

Die Ergebnisse sind in den Kurven .4, B, C, Fig. 1 u. 2, graphisch

dargestellt, welche die Kohlensaureentwicklung in der Zeiteinheit an-

geben. Fig. 1 zeigt ein Friihstadium des Versuches, wahrend in Fig. 2

der Gesamtverlauf der Garung in kleinerem MaCstabe gezeichnet ist.

Aus Fig. 1 ergibt sich, daB bei Zucker (Kurve A) ein hoher Anfangs-

1) Slator, Ber. d. Deutsch. chem. Ges. ib, 43, 1912.

2) Das Dioxyaceton wurde aus Glycerin mit Hilfe des Sorbose-

bakteriums hergestellt. Eine Reinkultur des letzteren war den Autoren

durch die Freundlichkeit von Prof. G. Bertrand iiberlassen worden, die

ihm hierdurch ihren besten Dank dafiir aussprechen.
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wert, 31,6 ccm in 5 Minuten, bedingt durch die Anwesenheit freien

Phosphats im Saft, bald erreicht wird. Sobald das Phosphorsalz in
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durch den Verbrauch des freien Phosphats hervorgerufenen C02-Menge,

wie dies in den spater zu beschreibenden Versuchen iiber die Wirkung

des Konzentrationsgrades bewiesen wird.

Die Dioxyacetongarung C verhalt sich ganz verschieden. Kein

lioher Anfangswert ist zu verzeichnen, vielmehr eine allmahlich an-

wachsende C02-Entwicklung (1,2 com in 5 Minuten), die langsam ab-

nimmt und zu Ende geht, bevor die theoretiscli berechnete Kohlensaure-

menge produziert ist.

Kurve B zeigt, dafi die Gegenwart von Dioxyaceton nicht hemmend
auf die Garung des Rohrzuckers einwirkt. Es treten dieselben Erschei-

nungen wie in A auf, nur mit dem Unterschiede, daB die Garmengen

in langsamerem Tempo abnehmen, und daB Dioxyaceton neben dem
Zucker vergoren wird. Das anfangliche Maximum war 28 ccm in 5 Mi-

nuten, der nach Erschopfung des freien Phosphats erreichte konstante

Wert 7,3 ccm in 5 Minuten wie bei A.

Wenn Dioxyaceton ein Zwischenprodukt bei der Zucker-

garung darstellte, dann miifite der Zucker vor der Garung erst

in Dioxyaceton umgewandelt werden und folglich die Gar-

intensitat des Dioxyacetons unter obigen Bedingungen min-

destens so groB sein wie die ermittelten Anfangswerte fiir Rohr-

zucker.

DaB bei der Garung von Dioxyaceton noch ein anderer

Faktor als bei der Zuckergarung mitspricht, wird durch die

weitere wichtige Tatsaclie bekraftigt, daB, wenn der Saft vor

Gebrauch langere Zeit stehen gelassen wird, sein Garvermogen

gegeniiber Dioxyaceton schneller als gegeniiber Rohrzucker

versiegt.

Die punktierten Kurven D und E in Fig. 1 und 2 stellen die

Wirkung auf diese Substanzen desselben Saftes dar, wie er in dem
vorhergehenden Versuch zur Verwendung kam, aber nach 3 Tage langem

Stehen bei 0^. Die Kurven sind ein Bild der aus folgenden Gemischen

entstandenen Garungen:

D. 20 ccm Saft + 1 g Rohrzucker -f- 0,2 ccm Toluol.

E. 20 ccm Saft -j- 1 g Dioxyaceton -f- 0,2 ccm Toluol.

Sie zeigen, daB der Hefesaft Rohrzucker noch in ahnlicher Weise,

aber langsamer als frischer Saft vergart, wahrend seine Wirkung auf

Dioxyaceton nahezu Null ist.

V. Lebedew behauptet, daB Dioxyaceton in Konzentrationen

bis zu b^j^ ebenso schnell wie Zucker vergart, daB jedoch in

hoheren Konzentrationen die Garung eine tragere wird. Seine Er-

klarung hierfiir ist, daB in hoheren Konzentrationen das Dioxy-

aceton eine hemmende Wirkung auf die Zymase ausiibt. Zu

diesen Schliissen gelangte er, indem er das prozentisch wirklich
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vergorene Substrat verschiedener Konzentrationen von Rohr-

zucker und Dioxyaceton miteinander verglich. Doch diese

Vergleichsmethode ist durchaus irrefiihrend, da bei niedrigem

Gehalt die absolute Zuckermenge klein ist und darum vergoren

wird, ehe noch das Enzym wirkungslos geworden ist, wahrend

bei hohem Gehalt das Enzym schon vor der ganzlichen

Vergarung des Zuckers abstirbt. Dasselbe triflft auch fiir Di-

oxyaceton zu, nur daB in diesem Falle, da die Garungs-

geschwindigkeit viel geringer als bei Zucker ist, allein bei den

niedrigen Konzentrationen das Gesamtdioxyaceton vergoren

wird. Unterhalb eines gewissen Verdiinnungsgrades hangt des-

halb die Garung von der absoluten Menge der vorhandenen

Substanz ab — bei Dioxyaceton liegt er tiefer als bei Zucker.

Ein unbedingt richtiger, Fehler vermeidender Vergleich kann

nur zwischen den Spannungsgeschwindigkeiten in jedem ein-

zulnen Falle gezogen werden. Ein soldier ist aus den Zahlen,

die Lebedew angibt, ausgesclilossen. Auch muB in Betracht

gezogen werden, daB ein Teil des Zuckers in Hexosephosphat

umgewandelt, weiterhin gespalten und mit geringerer Geschwin-

digkeit als Zucker vergoren wird, so daB bei kleinen Zucker-

mengen der wirkliche zu beriicksichtigende' Garungswert nur

kurze Zeit andauert.

Die Wirkung der erhohten Konzentration auf die Gar-

menge erlautert der folgende Versuch. Die Resultate sind in

der folgenden Fig. 3 (S. 472) zur Anschauung gebracht.

Die Kurven stellen den Verlauf der Garung von "20 ccm Macerations-

saft (Schroder) dar, der mit Toluol und wasserigen Losungen, die im

folgenden aufgezahlten Substanzen enthaltend, von jedesmal 28 ccm Vo-

lumen versetzt wurde.

A: 2 g Fructose,

B: 0,.5 g Fructose,

C: 0,25 g Fructose,

D: 2 g Dioxyaceton,

E: 0,5 g Dioxyaceton.

F: 0,25 g Dioxyaceton.

Fiir Fructose ist, wie ersichtlich, der durch Phosphatgegenwart

bedingte hohe Anfangswert in alien drei Fallen der gleiche. Bei C wird

der ungebundene Zucker bald aufgebraucht, wonach die C02-Menge ab-

nimmt, denn das gebildete Hexosephosphat ist nunmehr die einzige

Zuckerquelle. Bei B andert sich der Wert zweimal infolge der Erschopfung

zuerst von Phosphat, dann von Zucker. Bei A dagegen verringert
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sich allmahlich nach dem Sinken aus Mangel an ungebundenem Phosphat

die COg-Menge parallel mit der ersterbendeu Enzymtatigkeit des Hefe-

saftes. Bei Dioxyaceton ist der Anfangswert in alien drei Fallen der-

selbe und bleibt es die ersten 4 Stunden lang, bis der Vorrat des ver-

garenden Materials bei den niedrigeren Konzentrationen ausgeht, wahrend

bei D die Garung durch den Schwund des fermentierenden Komplexes

zum AbschluB gebracht wird.

500

tfSO

350

250

150

100

50
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Anliche Resultate erhielten wir auch in einem anderen

Versuch, der zahlenmaBig in Tabelle V wiedergegeben ist, mit

Macerationssaft aus einem anderen Schroderschen Hefepraparat.

Jedesmal wurden 20 ccm Saft beniitzt, das Gesamtvolumen der

Mischung betrug 28 ccm.

Tabelle V.
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Dieses Resultat liefert neues Beweismaterial dafiir, daB

bei der Dioxyacetongarung andere Faktoren als bei der Zucker-

garung eine Rolle spielen.

Bei dieser Gelegenheit sei darauf bingewiesen, daB die

dutch Macerierung englischer obergariger Hefe bereiteten Hefe-

safte bei weitem nicht so wirksam wie die aus Miinchener

Hefe stammenden sind. Ein analoger Unterscbied ist auch

zwischen den PreBsaften aus engbscben Hefen und den von

Bucbner benutzten bemerkbar und ebenso zwischen den Pra-

paraten aus Miinchen und Paris, wie v. Lebedew konstatiert^).

Versuche mit HefepreCsaft.

Eine Anzahl Versuche sind iiber die Dioxyacetongarung

mit Hefesaft ausgefiihrt worden, der durch Zerreiben von Hefe

mit Sand und -Kieselgur nach der Buchnerschen Methode

dargestellt worden war. Die Beobachtung von Buchner und

Meisenheimer, daB HefepreBsaft allein diese Substanz iiber-

haupt nicht oder nur sehr langsam vergart, ist von uns be-

statigt worden.

Es wurden auch Untersuchungen mit PreBsaft angestellt, dem
man Kochsaft, im Vakuum bei 39° zur Halfte seines Volumens

reduziert, zugesetzt hatte. Die Konzentrierung des ungekochten

wirksamen Saftes, wie sie von den deutschen Forschern mit Er-

folg ausgefiihrt wird, gehngt mit den Hefesaften englischer Her-

kunft nicht, da sie wahrend des Prozesses ihre Aktivitat ein-

biiBen. Wir benutzten deshalb den unkonzentrierten PreBsaft.

Die Resultate mehrerer Versuche sind in Tabelle VII mit-

geteilt, aus der man entnehmen kann, daB nur in Versuch Nr. 9

ein Unterscbied zwischen der Selbstgarung und derjenigen in

Gegenwart von Dioxyaceton zu verzeichnen ist.

In den vorstehenden Versuchen ist der Unterscbied, auBer

in Nr. 9, zwischen der Selbstgarung und der Garung bei An-

wesenheit von Dioxyaceton so unbedeutend, daB wir es nicht

fiir notwendig hielten, die Garungsgeschwindigkeiten anzugeben.

In Versuch Nr. 9 war die Zunahme in der Gesamtgarung mit

Dioxyaceton ebenso deutlich wie mit Glucose, aber der Verlauf

der beiden Prozesse gestaltete sich ganz verschieden, wie ein

Blick auf TabeUe VIII lehrt.

1) Ann. Inst. Pasteur 26, 8, 1912.
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Tabelle VII.

Nr.
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Diese Zahlen zeigen den Unterscbied im Verlauf der beiden

Garungen; die Verhaltnisse stimmen genau mit denen bei Ma-
cerationssaft iiberein, rrnr daB in diesem Falle das Gemisch

auBerdem noch eine erhebliche Selbstgarung ergab.

Versuche mit Zyniin.

Zu diesen Versuehen wurde Schroders Zymin benutzt

und in einer Koenzymlosung suspendiert, die durch Kon-

zentrierung eines gekochten wasserigen Zyminextraktes her-

gestellt worden war. Dieser konzentrierte Extrakt enthielt ein

aktives Koenzym, dessen Existenz dadurch bewiesen wurde,

daB 2 g vorher durch Auswaschen mit Wasser wirkungslos ge-

maehtes Zymin nacli Zusatz von Glucose und 10 ccm Extrakt

293 ccm COg entwickelten.

Zwei Versuche mit je 2 g Zymin und 20 ccm Koenzym-

losung sind in Tabelle IX zahlenmaBig niedergelegt. In beiden

Fallen wurde fast keine Dioxyacetongarung in 48 Stunden be-

obachtet.

Tabelle IX.

1. Selbstgarung • ...
„ + 0,5 Dioxyaceton .

2. Selbstgarung

„ + 0,5 Dioxyaceton .

+ 0,1

CO2

ccm

90,8

102,1

99,7

97,0

103,7

BilduDg von Phosphorsaurecster wahrend der Dioxyaceton-

garung.

Der folgendeVersuch wurde zur Nachpriifung von Lebedews
Behauptung angestellt, ob freies Phosphat walu-end des Garungs-

prozesses von Dioxyaceton gebunden wird.

Drei Proben Macerationssaft (Schroder) wurden bei 25° im Brut-

schrank belassen, bis die Temperatur eine konstante war. Nr. 1 wurde
dann gekocht, abfiltriert und das ungebundene Phosphat im Filtrat

bestimmt.

Zu glelcher Zeit wurde 1 g Dioxyaceton zu 2 und 3 hinzugefiigt

und die Garungsmenge beobachtet.

Nach 2 resp. 9 Stunden wurden Nr. 2 und 3 gekocht, filtriert und
das freie Phosphorsalz quantitativ ermittelt.
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Die in Tabelle X angefiihrten Resultate beziehen sich auf 20 ccm
Saft. Das Phosphat ist in g Mg2P207 ausgedriickt.



Der Mechanismus der alkoholischen Garung. 478

wickelnden, dem zugefiigten Phosphat entsprechende Kohlen-

sauremenge eine aquivalente Hexosephosphatbildung einher. Die

C0„ stammt niclit aus der Vergarung von vorlier gebildetem

Hexosephosphat, wie v. Lebedew behauptet hat. Die beob-

achteten Phanomene sind also genau dieselben wie bei Zymin

und PreBsaft.

2. Die durch HefepreB- oder Macerationssaft bedingte

Garungsgeschwindigkeit von Dioxyaceton ist geringer als die

bei den Zuckerarten erzielte, obgleich Zugabe von Dioxyaceton

zu einer garenden Mischung dieser Safte mit Zucker die Garung

nicht im ungvinstigen Sinne beeinfluBt. Dioxyaceton kann des-

halb kein Zw ischenprodukt der Zuckergarung sein.
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Part I.—An Examination of Some Cultures of Amoebae isolated

from Dysenteric Lesions and Other Sources. By W. Glen

Liston.

Anyone who has attempted to study the literature on

amcebic dysentery and liver abscess must have been struck

by the confusion existing at present as to the exact differentia-

tion and life-history of the amoebse, which have been reported

as the causative agents of this disease. This confusion can

be accounted for, in large measure, by the inadequate and

incomplete study of the morphology and development of

the amoeba which have been supposed to be the causative

agents,

Schaudinn (3) first warned us that all amoeba to be found

in the human intestine were not of the same species. Using

the method of building up a life-history from the study of the

changes whicli are observed in a series of individuals at

different stages of development—a method which, in his

hands, had yielded in many instances splendid results

—

Schaudinn showed that there were at least two species of

amcebge to be found in the human intestine : the one non-

pathogenic, which he named Entamoeba coli, the other

VOL. 57, PAKT 2. NEW SERIES. 10
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pathogenic, which he named Entanaceba histolytica. A
number of other workers using his methods have discovered

still other species, viz. E. tetragena, E. minuta, etc.

More recently Musgrave and Clegg (1) in the Philippine

Islands, and Xoc (2) in French Cochin China, have stated

that they have isolated by culture from liver-abscesses and

dysenteric stools a somewhat polymorphic anioeba, which

they regard as the causative agent of liver-abscess and

dysentery in their respective counti-ies. The}^ have also

found the same species in a number of other situations—in

drinkingf water, on veo-etables, and in the intestines of

healthy men and animals. In fact, they seem to think that

all amoeba which can be cultivated on their agar medium, and

wliich form cysts varying in diameter between 7 and IQ/u,

belong to one species,^ a species which can at one time pass

a harmless existence outside the body, at another time, when
conditions are favourable, invade the tissues, and give rise to

the grave lesions associated with dysentery.

The present paper has been written to show that at least

two very distinct species of amoebfe have been found in

cultures obtained after the manner of Musgrave and Clegg.

I am, however, not yet in a position to state whether both or

either of these species are really the causative agents of

dysentery and liver-abscess. I am indebted to Captain Wells,

of the Indian Medical Service, who has for some time been

' While Musgrave and Clegg iu their monograpli on " Amoebas "

{Bureau of Govt. Laboratories, No. 18, p. 77), state that "The cultiva-

tion of pure species of aina?bas has offered strong evidence of the

plui-ality of the species of these protozoa, and this i^lurality apparently

extends to those which produce infection in man." in a later publica-

tion WooUey and Musgrave, in a paper published in the same series.

No. 32, June. 1905, write :
" It may be well to state at the outset that

we can see no valid reason for depaiiing from the nomenclature of

Iiosch. He described a pathogenic amoeba and called it Amoeba coll.

Why this term should be applied to a suppositious non-pathogenic

organism it is difficult to say. We shall, in referring to the cause of

intestinal amoebiasis, use the name introduced by Losch." The measure-

ments of the cysts are those given by Noc.
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engaged in the study of dysentery in India, for tlie cultures I

have used. These cultures of amceba? I understand were

obtained in Bombay from the following sources : (a) a liver-

abscess
;

(b) a dysenteric stool
j (c) Bombay City tap-water;

(d) the stool of a healthy monkey.

A period of leave to England presented me witli a favour-

able opportunity for studying these cultures under the control

and guidance of a skilled protozoologist. I have to thank

Dr. Martin, the Director of the Lister Institute, and Professor

Minchin, of the London University, for allowing me to work

in the laboratory at the Lister Institute, and the latter

especially for drawing up for me a scheme of research in

connection with the cultures I had obtained, and for instructing

me in the best methods for studying the amoebae.

Professor Minchin suggested that I should endeavour to

ascertain whether the amoebae from these different sources

were one and the same species, by studying their morphology

and development in cultures, and, by using the physiological

test, attempt to produce dysenteric lesions in animals. He
further suggested that I might find out whetlier these parasitic

amoebae absorb food osmotically, like a trypanosome, or must

devour things like the ordinary free-living amoeba?. I was to

endeavour, if possible, to get pure cultures free from bacteria,

A preliminary examination of the cultures, which had been

planted more than a month previously, showed that in each

case all the amoebae wei'e encysted, and that in all they were

associated with a variety of bacteria. The size of the cysts

in the different cultures varied considerably, but it vv^as

observed that on the whole the cysts in the culture obtained

from a dysentery-stool were smaller than those found in the

cultures obtained from Bombay tap-water and from the

monkey. The cysts in the liver-abscess culture varied more

considerably than the other cultures ; many very small cysts,

often grouped together, were mixed with cysts as large as

those found in the water or the monkey culture. It appeared,

then, that in the case of the liver-abscess culture two types

of cysts were present. Measurements of the cysts showed
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that while the smaller type vai'ied in diameter between 6 and

8 n, the larger types varied in diameter between 12 and 15 ju.

To detei-raine whether the amoebas which developed from

these cysts remained true to type, a single cyst was isolated

under a lower power of the microscope on the point of a

brush or needle which had been dipped in gum, and the cyst

was then transferred to fresh culture-medium. It was found

that the amoeba? always remained true to type, that is to

say, large cysts were always formed by amoebae which had

developed from a single large cyst, while small cysts were

always the product of small cysts. Moreover, the amoebag

from the large cysts were considerably larger than the

amoebas from the smaller cysts. There thus appeared at Grst

sight to be two species of amoebas present in the liver-abscess

culture. This supposition was further substantiated by the

fact that the other two types differed in respect to (a) their

methods of multiplication
;

(b) their behaviour in saline

solution; and (c) in other minor points. These points of

difference wnll now be discussed.

(a) Methods of Mdltiplicatiox on Culture-medium.

The large amoeba was observed to multiply by endogenous

budding as well as by division into two individuals. On one

occasion a living amoeba in a pure culture derived from large

cysts was watched for some hours. During this period three

or four buds were formed within the body of the amoeba and

liberated from it. This method of multiplication was more

easily followed in fixed and stained specimens. Budding

was observed both in old and in young cultures. In one

case, an amoeba, which from its size appeared only lately to

have emerged from its cyst, already contained a bud almost

as large as itself (PI. 17, fig. 21), while an older and larger

amoeba showed as many as six buds in various stages of

development (PI. 16, fig. 4). It will be observed that the

method oi: budding here demonstrated (PI. 16, figs. 1-5,

PI. 17, figs. 16-20) differs materially from that described



STUDY OF PATHOGENIC AM(EBM FROM BOMBAY. Ill

and figured by Noc (2), who describes the buds he observed

as very small, each bud containing a single minute fragment

of chromatin. So numerous were the buds within the body

of the parent amoeba that he says the term "merozoite"

could be aptly applied to the bred. In my experience

great difficulty was found in differentiating between the

bodies of bacteria ingested by an amoeba and lying within

its cytoplasm and small fragments of chromatin or chromidia.

It must be remembered than in cultures the amoebae ai-e

always present with vast numbers of bacteria. Although

a number of stains were used none was found which satis-

factorily distinguished bacteria from chromidia. It was

therefore difficult to trace the origin of the buds. The buds

became recognisable within the cytoplasm of the parent

amoeba, when a lai-ger mass of chromatic material was

assembled than could be reasonably explained on the sup-

position that it Avas formed from ingested bacteria. Ai'ound

these collections of chromatic material the cytoplasm of the

amoeba becomes differentiated from the rest of the cytoplasm

of the body. As this differentiation becomes more and more

marked the enclosed chromatic material more and more

closely resembled the structure of a typical nucleus, till

finally, within the body of the amoeba, a completely differen-

tiated amoebula is developed. At this stage the amoebula

escapes from the parent amoeba, and can then live a free

existence, grow and develop into a full-sized adult amoeba.

Division of this large amoeba from the liver-abscess

culture into two individuals was also observed in the living

condition. On one occasion a single amoeba was watched con-

tinuously for two hours and fifty-four minutes, and a detailed

record was kept of the various events that occurred during

this period. The culture in which this amoeba was observed

had been planted five and three-quarter hours before the

observations commenced. A number of amoebae had ah-eady

escaped fi'om their cysts while still others had not yet

emerged from their cysts. The amoeba which was selected

for observation was a very active one. In progressing over
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the culture-medium it made its way by extruding two distinct

types of pseudopodia, viz. (1) coarse lobose pseudopodia,

consisting almost entirely of ectoplasm, were extruded for

tlie most part in the direction of movement, and (2) fine,

needle-like, short, pointed pseudopodia extended out from

the lobose pseudopodia as well as from other parts of the

body. A nucleus and contractile vacuole were plainly visible.

The vacuole contracted rhythmically and fairly regularly

almost every two minutes. The amoeba moved over the

medium at about the rate of 160^ in thirteen minutes. As

it progressed it encountered in its path little groups of cocci

which Avere growing with it on the culture-medium. During

one hour and thirty-eight minutes before the amoeba divided

into two individuals, one hundred and eight cocci were

ingested b}" the amoeba under observation. The cocci

were taken into the protoplasm of the amoeba in groups of

two or four. When larger groups of cocci were encountered

the amoeba broke them up into smaller groups and then

ingested them. Four minutes after ingestion the cocci were

seen to be contained within a vacuole. The vacuoles con-

taining tlie cocci moved about through diifereut parts of the

protoplasm, and as digestion proceeded they at first became

larger, then, becoming smaller, they slowly disappeared. (On

a neutral-red medium it was easy to demonstrate that the

contents of the vacuoles had an acid reaction.) The cocci

within the vacuoles for a time remained visible, but gradually,

in the course of fifteen minutes, melted from view. After

watching the amoeba for one hour and thirty-eight minutes,

it gradually became more and more sluggish and the

contractile vacuole conti-acted less and less frequently. These

changes occurred immediately after the amoeba had engulfed

piecemeal a group of thirty cocci, the amoeba appearing to

be satiated with this big meal. The amoeba had meanwhile

assumed a rounded form, withdrawing all lobose pseudopodia,

but still the fine needle-like pseudopodia projected from its

surface. The movements of the protoplasm, which up to

this time had been active, gradually ceased altogether, and
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the protoplasm became more and more granular. The

nucleus, which up to this point had been clearly visible, could

now no longer be distinctly defined. No movement of any

sort was noticed for a few minutes. Some ten minutes

after the amoeba had engulfed the last cocci, and a few

minutes after all movement had ceased, tlie amoeba slowly

changed from a rounded to a more oval form, becoming

oblong, then elongated. Two small indentures next appeared

in the protoplasm on either side, about the middle of the

body. These indentures deepened, till, meeting, two amoebie

were formed. Division was complete in three minutes after

the first appearance of the indentures mentioned above, and

about thirteen minutes after the last cocci had been taken up

as food. No trace of a nucleus could be made out in either

of the two new amoebae immediately after division. The

newly formed amoebge soon moved away from one another,

and in three minutes one of them had approached and

engulfed a group of nine cocci. A nucleus now gradually

appeared in each amoeba, but not till five minutes after

division had been completed could it be clearly defined,

meanwhile, as has been remarked above, the amoebae moved

about and even fed. Each amoeba by this time had a

contractile vacuole which rhythmically contracted about once

every two minutes. The young amoebae were watched for

nearly an hour longer; no fresh points of interest, however,

were noticed. The observations were abruptly terminated

by an accidental knock to the Petri dish, which caused the

amoebtfi under observation to be moved out of the field of

vision, and made it impossible to recognise Avith certainty

those which had been watched from other amoebae in the

culture. I have not been able successfully to follow in a

series of stained specimens the various changes described

above seen in the living amoeb£e. (Since writing this, with

the assistance of Mr. C. H, Martin, divisional forms have

been studied in stained specimens. The division is indirect

or by mitosis.)

While thus the large amoeba from the liver-abscess culture
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showed two methods of niultiph'cation, the small amoeba,

cultivated from the small cysts of the same culture, was

never seen to give off buds. Actual division in the living

state was not observed in the case of this amoeba, but in

stained pieparatious dividing forms were fairly easily found.

Division in this case is direct or amitotic. Three such forms

have been sketched from a single slide, while in other slides

other stages of division have been observed.

(b) The Behaviour of the Amceba ix Saline Solution,

One of the most striking differences between the two

species of amoebae found in the liver-abscess culture Avas

brought into evidence when dilute saline solution 5 per cent,

was added to an actively developing culture, time being

allowed for the amoebje to recover from the shock produced

by the addition of the liquid. To demonstrate this difference

between the two species of amoebae the best results were

obtained by placing a drop of the mixture of the amoebgs

and saline solution on a slide and allowing it to remain for a

few minutes in a warm moist chamber before fixing in

Flemming's solution or sublimate-acetic mixture. The drop

containing the amoebfe must not be covered with a cover-

glass, but should be spread out in a thin layer and left freely

exposed in a moist chamber. Adopting this method of pre-

paring and fixing specimens, it was found that the large

amoeba always ;issumed a more or less rounded form, with

lobose and numerous fine needle-like pseudopodia projecting

from the surface. The small amoeba on the contrary almost

always assumed an elongated worm-like or gregarine shape,

throwing out one or two long lobose pseudopodia either

directly in front or often from the side so that L-shapes and
Y-shapes, as well as long l-forms, were developed.

That Noc was dealing with both these types of amoebae is

evident, not only from the measurements of the cysts he

worked with, but also from the drawings on his plate X. The
drawings show both forms, the majority representing the
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large amceba type, while his fig. 20 is a typical specimen of

the small amoeba described above.

(c) Minor Points of Difference.

Other less important differences were noted between the

two types of amoeba found in the liver-abscess culture. Thus,

for example, the nucleus of the large amoeba in the living

state was more clearly seen than that of the small amoeba.

The ectoplasm, too, was more clearly differentiated from the

endoplasm in the case of the large amoeba than in the small

amoeba. Then, again, a yellow pigmeut-producing coccus,

which was a peculiarly favourable organism to grow with the

large amoeba, appeared to be quite unsuitable for the smaller

amoeba.

From what has been said above, it is evident that two very

distinct species of amoeba were present in this liver-

abscess culture, and although a somewhat limited amount of

attention has been given to the cultures derived from other

sources, it is possible that the cultures from the Bombay City

Avater and from the monkey, which contained an amoeba very

closely resembling the large amoeba from the liver-abscess

culture, nevertheless differed from it. The small amoeba

from the liver-abscess culture very closely i-esembled that

found in the culture from a dysenteric stool.

An attempt was made further to differentiate between the

two species of amoebee found in the culture from liver-

abscess by carrying out experiments on animals. For the

purpose of these experiments young kittens were selected.

The two species of amoebae were isolated in pure mixed

culture, and, when the amoebaa had encysted, an emulsion of

each species was made m saline solution. Four kittens,

whose fgeces in the first instances had been examined micro-

scopically and by culture for the presence of amoebas Avith

negative results, were experimented upon as follows : Two
were fed by means of a sn)all stomach-tube, the one with an

emulsion of large amoeba-cysts, the other with an emulsion
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of small amoeba-cysts. The two other kittens were injected

per rectum, the one with an emulsion of large amoeba-cysts,

the other with an emulsion of small amoeba-cysts. On the

following- dav, as well as on the third day after treatment,

the stools were examined both microscopically and by

cultures for the presence of living amoebas, but none were

found. Tlie kittens were healthy a fortnight later. These

pliysiological tests were, tlien, unsuccessful in demonstrating

anv pathogenic properties in either species of amoeba found

in the liver-abscess culture, and they also failed to distinguish

the one species from the other. Too much stress, however,

cannot be placed on the failure of these experiments, not

only because of their small number, but especially when the

# complicated conditions which are associated with the living

together of bacteria and amcebas are kept in mind, and to

which some reference will be made later. Nevertheless, the

neo-ative results of these experiments are in conformity with

the more numerous ones carried out by Xoc and reported by

him (2). By way of contrast, I found it interesting to study

sections of the large intestine of a cat which had been

infected with dysentery by the rectal injection of the stools

of a patient suffering from dysentery in the Straits Settle-

ments. Tliis material was kindly supplied to me by Dr.

Ledingham. Sections of this tissue showed well-marked

dysenteric lesions associated with the presence of amoeba?,

the amoebEe being found together with bacteria, not only

in the mucosa, but penetrating into the submucosa in

the neighbourhood of the ulcerations. It is interesting to

compare the morphological appearance of these amoebae with

those found in the cultures. In the first place, the amoebae

in the sections of tlie cat's intestine were considerably larger

than even the larger type found in my cultures. The nuclear

structure of these amoebte, too, differed remarkably from

that of the amoeba? of the cultures. Thus, Avhile the

chromatic substance of the nucleus of the cultural amoebae

was abundant and differentiated into a large central portion

and a thin peripheral layer, the chromatic substance of the



STUDY OF PATHOGENIC AMCEB.E FROM BOMBAY. 117

nucleus of the amoebae found in the sections was very scanty,

and confined for the most part to the periphery of the nucleus.

These observations are in accord with those of Noc, who,

when writing of the amoebte which he isolated in culture and

comparing- them with Schaudinn's E. histolytica, and living

forms isolated from the walls of a liver-abscess, points ouc

that the cultural amoebae were always smaller and contained

more chromatin in the nucleus than those found in the tissues

of a liver-abscess or of a dysenteric ulcer. How far these

differences can be accounted for by differences in the methods

of fixation and by the nature of the medium in which the

amoebee have respectively developed it is difficult to say,

yet it is evident that the amoebae which grow in cultures

differ markedly in morphological characters from those found

in sections of diseased intestine. Further study with fresh

pathological material seems to be necessary befoie any

definite conclusion can be arrived nt as to whether the

amoebge obtained in cultures are the true cause of dysentery.

A few more details of the development of the amoebae in

cultures remain to be mentioned. The following observations

concern particularly the large amoebae of the liver-abscess,

which was studied in greater detail than the smaller amoebse.

A single amoeba has frequently been watched as it became
encysted. Coming to rest the amoeba gradually shrinks and

becomes condensed. During this period tlie contractile

vacuole beats more and more slowly; finally, having attained

often an unusually large size, it very slowly shrinks and dis-

appears. Other vacuoles in the protoplasm also disappear.

Then a cyst-wall develops around the amoeba. A single

nucleus is alone visible within the cyst as long as it remains

transparent and its contents can be stained.

When cysts formed in this way are planted on fresh

medium the first change that is noticed is a gradual swelling

of the cyst and the development of an increasingly large

vacuole within it. The cyst-wall soon ruptures at some indefi-

nite point and a single amceba slowly flows out through the

breach.
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It is apparent that when conditions are unsuitable for the

growth of the amceba, a single individual by condensation
of its protoplasm and the development of a cyst-wall becomes
encysted, and, when the conditions are favourable, a single

amceba escapes from this cyst. No evidence of conjugation
was observed before encystment and no multiplication or

division of the nucleus noticed, either immediately before or

after encystment. Encystation appeared to be a purely

protective measure. Outside the body the amoeba was
able to feed and to multiply under favourable circumstances,
but it encysted when circumstances were unfavourable for

development.

I Avill pass on now to describe some experiments which
were made with a view to finding out whether the large

amoeba of the liver-abscess culture could absorb food osmoti-

cally and live and multiply on the agar medium in the absence
of bacteria.

Much time was spent in the first instance in attempting to

get the amoebae from the four sources mentioned above to

grow with a single species of bacteria. This was compara-

tively easily accomplished with the large amoeba from theliver-

abscess culture, but with greater difficulty in the case of the

other amoeba?. All the " pure mixed " cultures were ultimately

obtained with motile organisms except in the case of the

large amoeba from the liver-abscess. In this case the amoeba
was cultivated with a variety of motile and non-motile

organisms, but particularly with a non-motile, yellow, pigment-

producing coccus. With this pure mixed culture a number of

experiments Avere conducted, and these are detailed below.

This amoeba with the non-motile coccus multiplied enor-

mously on the agar medium. The young amoebae moved
away from the immediate neighbourhood of the bacteria and

ultimately became encysted. Using such a culture it was

comparatively easy to separate amoeba cysts from bacteria.

With these cysts free from bacteria a number of experiments

were carried out.

(I) A single cyst, free from bacteria, was isolated and
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placed on fresli agar medium. A single amceba twelve liours

later was found to have escaped from the cyst and was

moving over the medium. Forty-eight hours later a single

amoeba was alone still actively moving over the culture

medium ; no multiplication had occurred. On the third day

the amoeba had become encysted again. In this case a

single amoeba had emerged from a single cyst and moved
about for two days on the culture medium, which, was free

from any bacterial growth; no multiplication had taken place,

but on the third day enc3'station had again occurred.

(2) A few cysts free from bacteria were planted out on an

agar medium which, in the first place, had been smeared on one

occasion with fresh sterile mouse^s liver, on another occasion

with fresh sterile unheated guinea-pig's liver. The amoebae

in due course emerged from their cysts and were observed to

feed upon the i-ed blood-cells and broken-up liver-cells of the

smeared agar surface. The liver-cells which were not

damaged or broken were too large to be engulfed bv the

amoebge, which Avere approximately of the same size as these

cells, some amoebae, however, made attempts to swallow whole

liver-cells, spreading themselves around the cells m a thin

layer, but never succeeding in completely surrounding the

liver-cell. A single amoeba on one occasion was watched for

two houi's and a half while moving about on the agar medium
smeared witli fresh sterile guinea-pig's liver. Durino- this

time this amoeba ingested and digested four red blood-cells

and attempted as well to take up a number of liver-cells as

large as itself.

While thus the large amceba of the liver-abscess culture

was seen to feed upon red blood-cells and broken down liver-

cells, very little multiplication of the ainoebge was noted.

Generally, without dividing, the aincebte became encysted

again. This was inferred from the fact that the number of

cysts found after some days was very little in excess of the

number originally placed on the mediuuK With the object

of stimulating multiplication of the amoeba? the followino-

procedure was adopted :
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A number of sterile agar plates were smeared with fresh

sterile guinea-pig's liver. These were placed in the incubator

for two days to make sure that no bacteria had been planted,

on the surface of the medinin during the preparation of the

plates. Then to plate (a) a drop or two of an emulsion

of the yellow coccus in saline solution, which had been boiled,

was added at the same time as some bacteria-free cysts were

planted on the liver-smeared culture. To (b) a drop or two

of sterile saline solution was added as Avell as a few

bacteria-free cysts. To (c) a drop or tv/o of very weak sterile

sodium cai'bonate solution with bacteria-free cysts was added.

To (d) a few living yellow cocci in salt-solution were added

with bacteria-free amoeba-cysts.

• The plates were then placed in the incubator and on the

following day were examined. In each case living and

moving amoebse were observed. The plates were kept under

observation for some days longer, and it was noted that while

very little multiplication of the amoebas had occurred in

cultures A, B, and c in D, in the neighbourhood of the colonies

of cocci, the amoebae had multiplied enormously.

So far as it is possible to judge from a single experiment

like the above, it would appear that multiplication of the

amoebae only occurs in the presence of some substance which

is apparently connected with the life of the bacteria, a

substance which is destroyed by boiling. In this connection

the following casual observations are worthy of record : On a

number of occasions it was noticed that if the numl>er of

cocci planted with the amoeba-cysts was considerably in

excess of the number of cysts, and particularly if the medium

in which the culture was made favoured the development of

the cocci, the amoebae failed to develop, while the cocci

flourished. On two or three occasions, when apparently a

culture of amoebae was growing well and multiplying in the

presence of a colony of the yellow coccus, a stage was reached

when the bacteria appeared to have produced some secretion

which, ditfusing outwards from the colony, caused those

amoebse which were in the immediate neighbourhood of the
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colony, and which liad not become encysted, to be dissolved,

the amoebas appearing to break up, melt, and disappear.

On one occasion this condition was brought about by stirring

up and spreading a little of the yellow coccus colony which

was growing in the midst of a luxuriant culture of amoeba?.

These observations lead me to believe that a very delicate

balance is maintained in a successful culture of amoebge and

bacteria. While on the one hand the amoebae eat up and

digest the bncteria, the bacteria, on the other hand^ seem to

produce some substance or substances which at one time

stimulates the amoebae to multiply, at another time actually

brings about their destruction.

From what has been said above it is evident that I have

not succeeded in showing that this amoeba can absorb its

food osmotically or live successfully without living bacteria
j

but I think certain lines for future research have been opened

up which may ultimately explain the necessary connection

which seems at present to exist between bacteria and the

development and multiplication of amoebte outside the body.

No one can be more conscions of the incompleteness of the

work detailed al)ove than myself. This paper has been

written only because an opportunity may not present itself

in the immediate future to continue this inquiry on my return

to duty in India. It seems to me important, in the presence

of a number of different species of amoebfe which may be

found inhabiting the human intestine or in dysenteric lesions,

that greater care should be taken in distinguishing one

species from another, and specially the pathogenic from

harmless commensal amoeba?.

Conclusions.

Two distinct species of amoeba? isolated from a liver-

abscess have been cultivated on an agar medium. One at

least of these amoebge in cultures does not multiply in the

absence of living bacteria. The same bacteria which, when
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alive; stimulate the anioebse to multiplication, when boiled

and eaten by the amoeba? lack this power.

Amoebae hjive been seen to feed upon and digest red blood-

corpuscles, but in the absence of living bacteria failed to

multiply on agar cultures.

Lister Institute.

November, 1910.

Part II.—Descriptions of Preparations of Amoebae from Major

Liston's Cultures. By C. H. Martin.

In November of last year, Major Liston was kind enough

to hand over to me some preparntions and cultures of

amoeba, with a request that I should look tiirough them.

The prepai-ations were made fi'om cultures of five different

strains of amcebjB, under the circumstances which Major

Liston has described in Part I of this paper.

Major Liston has given an account of his observations on

three of these forms, and since the live cultures unfortunately

dried off in my hands before sub-cultures could be made, it

only remains for me to add a few notes on the details of

division and budding from the stained films of the larger type

of amoeba from liver-abscess. I have also, for the sake of

completeness, given a short description of the other amoebae,

in the hope that I may be able at some future date to give the

results of further work on live cultures.

The Larger Type of Amceba from Liver-Abscess.

As will have been seen already from Major Liston's des-

cription, this is a very Avell-marked form, both from a

morphological and a physiological standpoint. In stained

pi-eparations the full-grown amoeba is characterised by a

nucleus in which the mass of the chromatin is condensed

into a large round karyosome (PI. 16, figs. 1-5). In addition

to the chromatin of the karyosome, there is a cloud of fine
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granules forming' a peripheral zone close beneath the nuclear

membrane. With Twort's combination of neutral i*ed and

Lichtgriin (PI. 17, figs. 17-20), or when preparations stained

Avith iron-hasmatoxylin are counter-stained with Lichtgi'iin

(figs. 14-16, 21), the peripheral zone is coloured green, a

reaction which indicates that achromatic elements predominate

in this region, and that a true achromatic membrane is

present enveloping the nucleus. The dense karyosome

fi'equently shows a central lighter region in which one or

two darker grains, doubtless of the nature of centrioles, can

be made out.

The numerous food-particles (chief!}' ingested bacteria)

which are pi'esent in the cytoplasm, and Avhich take up the

ordinary nuclear stains vei'y strongly, render the precise

study of the chromatin-grains very difficult ; but in some

well-stained examples there seems to be distinct evidence of

passage of chromatin-granules into the cytoplasm, where they

may form a more or less irregular chromidial mass surrounding

the nucleus or scattered through the cytoplasm, which, con-

sequently, is coloured a more or less deep red with the

neutral red combination (PI. 17, figs. 17-20). It will be

necessaiy to return to this point in connection with the

phenomena of budding.

As has been stated above, the large amoebae in the liver-

abscess may reproduce in the cultures in one of two ways :

(1) by simple division with karyokinesis; (2) by the forma-

tion of endogenous buds.

(1) Division.—The main features of the behaviour of the

nucleus in this case make it clear that the process of division

is a mitosis, and this is fully confirmed by Major Liston's

live observations. Unfortunately I have not been able to

obtain evidence as to the method in which the nuclear spindle

is formed. In the earliest examples of division that I have

been able to recognise the nuclear spindle is already fully

formed (PI. 16, fig. 7), and the chromatin of the nucleus

lies in the equatorial plate in the form of a number of rather

irregular masses. In the later stages of division (PI. 16,

VOL. 57, PART 2. NEW SERIES. 11
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figs. 8 and 0) tlie chi-omatiu-masses have divided and

separated slightly, and it is, I think, interesting to note,

from a comparison of the earl}^ and late stages of division-

figures (PJ. 16, fig. 7 and fig. 10), that the separation of the

chromatin-masses does not appear to be due in any mai-ked

degree to the shortening of the polar threads of the spindle

between the centrioles and the chromatin-masses, but rather

to a growth and elongation of the separation-spindle between

tlie two daughter-plates. In the still later stage of division

shown in PI. 16, fig. 11, the upper nucleus has practically

assumed the resting condition, and would seem to show that

the chromatin of the daughter-plate foi-ms the mass of the

karyosome, in which the centriole is probably included.

(2) Budding.—The most common form of reproduction

for the larger type of amoeba from liver-abscess is effected

by the formation of faii-ly large buds, as has been described

already by Major Listen in the account of his observations

on the live ainoebas. There is no evidence on the stained

films of this form for the formation of the numerous very

small buds described by Noc (2) for a similar amoeba

obtained by him fi-oin liver-abscesses in Cochin-China. In

the majority of the forms studied by us only one bud is

formed at a time, though there are cases where this number

may be exceeded (PL 16, fig. 4 and fig. 10).

The nucleus of the amoeba takes no direct part in the

formation of the bud. There is absolutely no evidence,

either from observations on the live amoebge or from the

stained films, for any form of nuclear division connected with

the bud-formation; and, on the other hand, it is quite clear

from the stained preparations that tlie cytoplasm of the bud

is completely cut off from that of the parent at a stage in

which the bud shows no distinct nucleus. A comparison of

different stages in the gi-owth of the bud shows that the nucleus

of the bud arises from chromidia contained in it when it is

first formed, and derived from the chromidia scattered through

the cytoplasm of the parent.

When first recognisable, the bud is seen as a small sphere.
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about 3 fx iu diametei-^ separated from the surrounding cyto-

plasm of the parent by a clear space (PI. 16, fig. 6 ; PI. 17, fig*.

19) ; at this stage the substance of the bud shows no difference

from that of the parent cytoplasm, except that with Twort/s

stain it stains a deeper red (PI. 17, fig. 19), indicating that

the chromidia are present iu greater quantity, probably as the

result of growth and increase of the chromatiu-substance in

the bud itself after it has beeu cut off from the parent. 'J'he bud,

imbedded completely in the maternal cytoplasm, grows until

it attains a diameter of 9-1 0/t or more. The chromidia con-

tained in the bud condense into irregular strands of chromatin

(PI. 16, figs. 2 and 3; PL 17, figs. 17, 18), which gradually

become arranged into a nucleus of the type of that possessed

by the parent (PI. 16, fig. 4 ; PI. 17, fig. 19). But by no means

all the chromidia contained in the bud are nsed up to form

its nucleus ; a certain number remain over (PL 16, figs. 3, 4, 6
;

PL 17, figs. 18-21), so that the fully formed bud contains

chromidia in its cytoplasm in addition to a nucleus. The bud

at the time of its escape may show a well-developed nucleus

with a karyosome (PL 16, fig. 4), but more frequently this

change is completed after the young amoeba is set free (PL 16,

fig. 6). The young timoebaj begin to form buds iu their turn

long before they are full grown (PL 17, fig. 21).

The question of the cysts is rather a difficult one, and

needs further work on live cultures. In smears from

cultures about eight hours old aincebEe may be seen still

enclosed in a smooth-walled cyst with the vacuole Avhich

Major Listen has described as being developed in the

escaping form (PL 16, fig. 12). On the other hand, empty

rough-walled cysts are also found. The latter may be due to

a shrinkage of the cyst after the amoeba has escaped, but it

must be confessed tliat they seem rather too large to be

explained on this hypothesis (PL 16, fig. 13).

The Smaller Type of Amo-iba from Liver-Aescess and the

Dysentery-AMa':B.?<j.

The small type of amoeba from liver-abscess (PL l8, figs.

22-24), and the dysentery-amocbas (PL 18, figs. 25-29), seem
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to agree absolutely in regard to mU their essential features.

In both these types it seems rather difficult to stain the

nucleus satisfactoril}^, and moreover, there seems to be

evidence for a series of remarkable morphological changes

in the strncture of the nucleus of this form, the significance

of Avhich is not at present clear to me (PI. 18, figs. 22-24).

From the observations on the live cultures it is evident that

the nuclear division is amitotic, and neither from such

observations nor from the stained films is tliere any evidence

whatever in this type for the occurrence of endogenous

budding. Until more time has been spent on this form, and

fresh material obtained of it, it is impossible to estimate to

what extent it may differ from Schaudinn^s Entainceba

histolytica.

As resrards the other two amosbje, that from the monkev's

rectum (PI. 18, figs. 31, 32) was on the stained films a roughly

spherical form, with rather darkly staining cytoplasm,

measuring about 15 /i in diameter. The cytoplasm contained

numerous vacuoles. In the nucleus the chromatin was chiefly

condensed in the large central karj^osome and in a distinct

peripheral zone of fairly large granules. The amoeba

cultivated from Bombay tap-water (PL 18, fig. 30) measured

about 16 by 10 n; its cytoplasm was clear, and in.some cases

markedly vacuolated. The nucleus showed the chromatin

massed in a central karyosome.

Although I am sure that further work on these forms Avould

lead to interesting and valuable results, yet I feel that there

is already evidence amply sufficient to prove Major Liston's

main contention that the larger amoeba from livei'-abscess is

quite a distinct type, different from the other small form

here described; in fact, when one regards the simple method

of reproduction bj^ endogenous buds seen in this form, it

may be doubted whether it ought to be included in the amoebas

at all, but having regard to our present ignorance of this

form, it may be appropriate to leave it for the present in the

group which Schaudinn has pithil}- described as " ein

Sammeltopf der heterogensten Elemente."

Lister Institute.

April 4tL, 1911.
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EXPLANATION OF PLATES 16-18,

Illustrating- Major W. Glen Listen and C. H. Martin's

" Contributions to the Study of Pathogenic Am oebse from

Bombay."

[All the figures are drawn witli the camera lucida to a magnification

of 200<) linear, using Zeiss objective apocln-. 3 mm. homog. imm. N.A.

1"40, compens. ocular 18.]

PLATE 16.

Large type of amceba from liver-abscess. All the preparations are

stained with Heidenhain's iron-ha_nnatoxylin, after fixation with

Schandiini"s fluid or sublimate-acetic.

Figs. 1-6.—Stages of endogenous bud-formation.

Figs. 1 and 2.—Early stages ; in fig. 2 irregular chromidial strands

are seen in the bud.

Fig. 3.—Later stage ; the chromidial strands are condensing to form

the nucleus of the bud.

Fig. 4.—Amoeba showing six endogenous buds, one of Avhicli has the

nucleiis completely formed.

Fig. 5.—Extrusion of a fully-formed bud.

Fig. 6.—Free bud. with nucleus not quite fuUy-formed.

Figs. 7-11.—Karyokinesis and cell-division.

Fig. 7.—Early stage ; the spindle is fully-formed, but the equatorial

plate is not sjjlit.

Fig. 8.—Sj)litting of the equatorial plate.
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Fig. 9.—The daiigliter-plates separating.

Fig. lU.—The daiighter-plates widely separated ; reconstitiition of

the daughter-nuclei beginning.

Fig. 11.—End of nuclear division ; one daughter-nucleus is completely

reconstituted, the other shows remains of the spindle. Di^•ision of the

cell-l)ody beginiiing.

Fig. 12.—Encysted amoeba, about to escape from the cyst.

Fig. 13.—Empty cyst with rough wall.

PLATE 17.

Large tyjje of amceba from liver-abscess. Figs. 14-16 are counter-

stained with Lichtgriin-piciic after iron-hsematoxylin ; figs. 17-20 are

stained with Twort"s combination of neutral red and Lichtgriin.

Figs. 14 and lo.—Amcebse with ingested bacteria; in fig. 14 the

kaiyosome appears to be breaking up.

Figs. 16-21.—Amoeba? showing endogenous bud-formation.

Fig. 16.—Amfel>a with two buds, one very small, in the earliest stage

of formation, the other full-sized, with the chromidia beginning to form
the nucleus.

Fig. 17.—Amoeba with full-sized Imd. which contains only scattered

chromidia.

Fig. 18.—Similar stage, the nucleus of the bud beginning to be

differentiated.

Fii;'. lit.—Amoeba with three bvids. two in a very early stage of forma-

tion, the third full-grown, with nucleus completely differentiated.

Fig. 2U.—Amceba containing fullj'-formed bud.

Fig. 21.—Young amoeba, not full-grown, containing a bud which is

full-sized and has the nucleus in an advanced statfe of differentiation.

PLATE IS.

Figs. 22-24.—Small type of amoeba? from the liver-abscess, showing
stages of the division of the nucleus. Stained with Delafield's

haematoxylin.

Figs. 25-29.—Amoeba from dysenteric stools. Figs. 28 and 29 show
early stages of nuclear division. Iron-hamatoxylin.

Fig. 30.—Amceba isolated from Bombay tapwater. Iron-ha-ma-
toxylin.

Figs. 31 and 32.—Amceba; from the rectum of a monkey. In fig. 27
the nucleus has recently divided. Iron-h*matoxylin.
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1, General Introdcctiox.

During the last two yeai-s we have been engaged in some

work on tlie csecal parasites of the fowl, and althougli we do

not feel that our work is complete, we have decided to

publish some of the results we have obtained.

In recent years there seems to us to have been a tendency

to regard the life-cycle of parasitic flagellates as a subject on

VOL. 57, PART 1. NEW SEKIES. 5
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wliicli the most hazardous speculations can be put forward,

and these, unfortunately, crystallise only too soon into the

well-known protozoon life-cycles of the zoological text-book.

i

Although we do not feel justified in putting forward a

complete life-cycle in the case of any of the forms described

Text-fig. 1.

Cliilomastix gallinarum, showing the four free flagella,

blepharoplast, well-developed phaiynx, and nucleus.

Abbreviations.

—

Ax. Axostyle. BJ. Blepharoplast. h.g. Basal

granules. Chr. B. Chromatic blocks. Chr. L. Chromatic line. Cyt.

Cytostome. F. Free flagelhun. Ka. Karyosome. M.F. Membrane
flagellum. Nu. Nucleus. Ph. Pharynx.

;

1 In this the first part of oiu- paper we only deal with the morphology

of the flagellate parasites we have found. In the second part we give

an account of the other aninral parasites and of the results obtained

from new infections.
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below, we feel that we are justified in publishing the results

obtained for the following reasons :

(1) Our preparations were always made from the wall of

the cavity containing' the parasite, and not simply from the

content of the cavity. Owing, we believe, largely to this

fact, we have not only obtained a far more complete series of

Text-fig. 2.

Trichomonas gallinariim, showing four free flagella, mem-
brane flagellum, blepliaroplast, cytostome, nucleus, chromatic
blocks, and chromatic line.

division of the active forms that seems to have fallen to the

lot of the earlier workers on similar forms, but we have also

got an interesting series of new stages which must, we are

convinced, play an important part in the final construction of

the life-cycle of these forms.

(2) Owing to the ease with which it is possible to obtain

newly hatched chicks and keep them free from all animal
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parasites, we have obtained some really trustworthy data as

to the course run by new infections of these forms.

Text-fig. 3.

Trichomonas Ebertlil, showing three free flagella, mem-
brane flageUum, blepharoplast, cytostome, nucleus, chromatic
blocks, chromatic line, and axostyle.

Until, of course, the whole life cycles of these animals are

known, the breaking- up of the complex series of forms

inhabiting the c^ca of fowls into good species is a matter of

great difficulty. However, it must be remembered that the
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same difficulty has to be met in the case of a vast majority of

free-living flagellates, and, probably, in that of all the free-

living Amoebae; Rnd partly by means of pure infections

obtained in our series of infected chicks, and partly by com-

parison with similar parasites in other vertebrates, we have

obtained evidence which we believe justifies us in dividing

Text-fig. i.

Chr.B.

Chr. L-—

Trie horn astix galliuarum. showing four free flagella,

blepharoplast, cytostome, nucleus, chromatic blocks, chromatic
line, and axostyle.

the animal parasites found in the ceeca of fowls into the

following species. [The evidence on Avhich this division is

based will, of course, be found in the special part of the

paper.]

(1) Chilomastix gallinarum (sp. nov.).

(2) Trichomonas gallinarum (sp. nov.).

(3) Trichomonas Eberthi (sp. nov.).

(4) Trichomastix gallinarum (sp. nov.).

The chief points of resemblance and difference between the
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t^^pical active forms of these flagellates are shown in the

following table, and the nomenclature that we have adopted

for the various parts can be seen in the text-figures.

The literature upon rectal protozoan parasites has in recent

3'ears attained such dimensions that it is impossible to give

here a detailed historical account of the woi-k done by other

observers. Under these circumstances, we have decided to

content ourselves with discussing in onr final summary the

more obvious differences between our results and those of

earlier workers on other forms. On the other hand, the

literature dealing specifically with the protozoan fauna of the

alimentary tract of the fowl is very limited, and as we
have alread}^ discussed it fairly fully in our preliminary

account of these forms, we need here only refer to one or

two essential points.

Ebertli, in 1862, first described these flagellate parasites

from the cascum of the fowl as " Ein kleines Infusorium,"

though he did not give them any name.

Stein, in 1878, first put forward the view that these para-

sites were Trichomonads in which the anterior flagella had

been overlooked, and Leuckart, in the second edition of his

book, ' Die Parasiten des Menschen,' arrived at the same

conclusion. (In his first edition he placed these forms in a

new genus—Saenolophus.)
This view of the Trichomonad tiffinities of these forms

was later disregarded by Saville Kent in his monograph of

the Infusoria (1881), where the name of Trypanosoma
eberthi Avas given to these flagellates, and in this view he

was followed by Biitschli (1889). Most of the later workers

on parasitic flagellates— Doflein, Laveran, Mesnil— have

regarded these parasites as Trichomonads, but have not fur-

nished any evidence in favour of this view. Liihe, in a short

note in Mense's ' Handbuch der Tropenkrankheiten,' has

changed the name from Trypanosoma Eberthi to Spiro-

chaeta Eberthi, probably on account of Eberth's original

figures, in which the only part of the animal tliat is clearly

shown is an undulating membrane. It is evident, we think.
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from the facts mentioned below, that all these names

—

Saenolophus (Stein), Tr\'panosoma Eberthi (Kent),

and Spirocliasta Eberthi (Liihe) must now lapse.

2. C.T^CA or Fowls.

Before proceeding to the special part of tlio paper it will

be necessary to give a short account of the cfeca of the

intestine of f«)\vl<, since it is this portion of the alimentary-

tract to which these parasites seem to be confined.

According to Newton C Dictionary of Birds,' p. 18), "it

is highly probable tliat originally all birds possessed caeca,

and that according to the diet these were either fui-ther

developed or reduced in size, or even lust ultimately."

III the case of the fowl the Cceca are two blind sacs, rather

variable in size, arising at the proximal end of the rectum.

As a general rule the two caeca are found in a distended

conditon, and it would appear that altnost the whole process

of faeces formation in the fowl takes place in these organs.

In the early stages of this process the cfBca are tilled with

a light yellowish, rather fluid mass, which appears to be

identical with the content of the intestine. In the later

stages the content of the caecum becomes gradually darker

and more solid, acquiring at the same time the typical faecal

odour.

It may be well to point out that during early stages of

faeces formation the rectum, i.e. tlie portion of die alimentary

tract below the opening of the casca, is always empty, and it

is only in the later stages where the csecal content hasah-eady

acquired the characteristic fa3cal appearance that anything is

found in the rectum itself.

We had hoped that it might be possible to associate certain

stages in the parasites with stages in this conversion of the

caecal content into the faeces. In this we have not been

successful. On the other hand, there is a very distinct and
characteristic change in the appearance of the bacterial flora

during this process of faeces formation, to which Ave will

return in a later part of the paper.
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There is one interesting point in regard to the C£eca of

the newly liatched chick at a time before the yolk-sac is

completely absorbed and before tlie animal has begun to

take food. In these cases the casca are periodically filled

with a bright green fluid, Avhich gives all the characteristic

reactions for bile-pigment. It would seem to us, therefore,

that the caeca must play an importunt {)art in the economy of

the fowl, since even in these young chicks, in which the

intestine is practically empty, and the only stuff passing down

is presumably the bile, every trace of this is collected for

some time in the ca3ca on its way to the exterior.

3. Methods.

Id is a common complaint amongst workers on rectal

parasites that division forms are relatively rare : e.g. Dobell,

in his paper on the "Intestinal Protozoa of Frogs and Toads,"

says regarding Trichomastix batrachorum, on p. 209,

"stages in division are very difficult to find"; and again, as

regards Trichomonas batrachorum, on p. 217, "I have

not found so many division stages in Trichomonas as in

Trichomastix, but the likeness between them is so great

that I have little doubt that they correspond almost identi-

cally."

And, in fact, one of the most recent workers on tliese

forms—Bensen, in his paper on "Trichomonas intesti-

nalis und vaginalis des Menschen "—only refers to the

possibility of division of the active flagellates in the following

passage, p. 122: " Daneben kdnnen auf dem Amoboidstadium

und im Anfang der Cysten bildung, nach friiheren Beobachtern

audi im Flagellatzustand, Vermelirungen durch gewohnliche

Zweiteilung stattfinden."

This is, we believe, largely due to the fact that the smears

used by these workers were made from the rectal content,

whereas, as far as can be found in the fowl and the fish

which we have examined, the chief dwelling-place of these

parasites is in the layer of mucus separating the gut content
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from the wall, and, at any rate in tlie fowl, most of the

division stages occur in the actual cr^'pts of the wall itself.

The method we adopted in the examination of our fowls

was to open up the caecum, and after cutting away a portion

of the caecal Avail to smear it on the surface of a clean cover-

slip. The smeai-s were then plunged into a tube containing

either strong Flemmiug or corrosive acetic.

Both fixatives gave excellent results. The Flemming smears

were washed out, according to the method recommended by

Overton, with a solution of a little hydrogen peroxide in

70 per cent, alcohol, while the corrosive smears were washt^d

out with a weak iodine solution in 70 per cent, alcohol.

The most serviceable general srains were found to be dilute

• acid Mayer's hgemalum counter-staiued by eosin, though

in addition we made use of a large number of jDreparations

with other stains, e.g. iron-haematoxylin, Giemsa, Twort,

Delafield^s hjematoxylin, boi*ax carmine, alum carmine,

safranin, methyl green ; and as counter-stains we also found

orange G., Licht-griin and picric acid, and picric acid alone,

valuable.

Sections were found only to be of value as an indication

of the distribution of the parasites in the gut. As has already

been stated, the great advantage which the fowl offered over

all other animals for the stud}- of these gut parasites seemed

to us to lie not only in the great ease with which it was

possible to obtain uninfected individuals from eggs hatched

in incubators, but also in the fact that it was quite easy to

keep the young chicks free from all animal infection for

weeks. As far as we are aware none of the other animals

which has hitherto been used for work on similar parasites,

viz. the frog, lizard, mouse, man, is so easily handled ; since,

in the first place, with the fowl it is quite easy with suitable

incubators to get a practically unlimited supply of uninfected

material almost throughout the year; secondly, the animals

can be easily kept in a health}^ condition on sterilised food
;

thirdly, the caeca in young chicks are just a convenient size

to handle, and they are not too big to prevent the fixed
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smears representing* a very faitliful picture of tlie actual

state of infection. To tlae results obtained by this method

"we return in the second part of our paper.

4. Chilomastix Gallinarum.

As will be seen from the table of infected fowls in Part II

of this paper, this clearly marked species is a relatively rare

parasite ot" fowls, but in those individuals in which it occurs

it is always abundant.

For example, in No. 5, which is one of the chicks obtained

from Llanfoist, the ctecal smears are one mass of Ch i lo-

rn astix gallinarum, which was, in fact, the only flagellate

present, although neither of the other chicks which were

obtained at Llanfoist at the same time showed any trace of

the parasite.

In addition to its well-marked morphological characteristics,

Chilomastix gall in arum is sharply marked oif from the

other flagellates in the fowl by two features in its behaviour.

In the first place, the division stages which are so common
in the other flagellates, are, even in fowls well infected with

this form, relatively rai-e.

Secondly, the encystation stages, which in other flagellates

ai-e extraordinarily rare, are, in the case of Chilomastix,

actually common.

Chilomastix gallinarum can i-eadily be recognised in

live smears by its relatively large size, its spherical form, and

large number of ingested bacteria. It moves on the warm
stage fairly rapidly, in a rotary fashion. The body of the

active Chilomastix is roughly spherical, though sometimes it

is prolonged at the aboral end into a pointed tail. The body

measui-es, roughly, on an average 9 ^ by 1 f.i, though larger

and smaller forms are to be met with (PI. 10, figs. 1-4).

From the anterior end of the body there are four fairly

large flagella arising from a mass of darkly staining- basal

granules—the blepharoplast complex. It seems probable

that there are four granules in all, and that each flagellum
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arises from a separate granule. Near the origin of the

flagella is tlie opening of the well-developed pharynx, which

is one of the most characteristic features of this genus, and,

as Avill be show^n later, serves as a control in the case of

doubtful encysting forms.

'J'lie pharynx is roughly horn-shaped, the narrow portion of

the horn i-unning hack to end in the cytoplasm. The inner

side of the pharynx, i.e. the side towards which the nucleus

is applied, projects into the lumen of the pharynx as a well-

marked rib; the cytoplasm has rather a loosely vacuolar

appearance, and in active specimens is crammed with large

food vacuoles containing bacteria.

Tlie nucleus in the active animal is very characteristic,

0both as regards its appearance and position. It consists of a

large vacuole containing Avell -developed chromatic masses,

but the greater portion of the chromatin is condensed upon

the nucleus wall.

The nucleus lies near the anterior pole of the animal, in

close proximity to the opening of the pharynx, so that in

the majority of specimens it obscures the origin of the four

flagella.

As we have remarked above, we have not been able to

obtain nearly as complete a series of divisions in the case of

Chilomastix as in that of the other flagellates. Still, as will

be seen from the figures oF PI. 10, the main outlines of the

process are fairly clear. Division in Chil omastix is clearly

transverse to the longitudinal axis of the animal's body.

An early stage is seen in PI. 10, fig. 5. Here the

blepharoplast complex has already divided, and two basal

granules, bearing two flagella, have passed to a position near

theanimal's posterior pole, where there is already an in-sinking,

the first sign of the new pharynx. It seems probable that

the new pharynx arises as a bud from the old one.

Tlie nucleus has already divided, and it is interesting to

note that each of the daughter-nuclei appears to contain the

same number of chromatin masses.

In the still later stages of division (PI. 10, fig. 6) the new
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pharynx is well developed, but tliei-e is as 3-et no sign of the

outgrowth of new flagella. It is possible that the pointed

form (PI. 10, fig. 2) represents an individual which has just

undergone division.

Ency station.—The earliest stage of encjstation that

we have found is shown on PI. 10, fig. 7. The form here

figured still preserves the rounded shape characteristic of the

active individual, but tiie flagella have disappeared, and the

pharynx is still well developed.

In the next stage (PI. 10, fig. 8) the animal has become much
smaller, and at the same time more oval, and a delicate wall

has been secreted from its periphery. The i-emains of the

blepluiroplast are no longer to be detected, but it has possibly

been absorbed into the nucleus, which has now passed from

its former anterior to a more central position.

In the next stage the cyst has practically assumed its

definite shape. The nucleus has undergone a good deal of

shrinkage, leading up to the solid, darkly staining mass seen

in the ripe cyst (PI. 10, fig. 10). The changes undergone in

the pharynx during this process are rather difficult to under-

stand. It seems probable that, at any rate in the majority of

cases, the thickened lining* of the cytostome becoijies

loosened, and springing out of its original curved shape, lies

as a darkly staining line running down one side of the cyst.

A darkly staining cap at the anterior pole of the ripe cyst is

due to a local differentiation of the cyst-wall. The whole of

this process of encystation takes place in the csecum, and
ripe cysts have been found in the fteces some time after

deposition. Xo trace of a sexual process has yet been found

in this cycle.

In connection with this form we should like to draw
attention to what is apparently a closely allied species, which
was found by one of us to be very common in the rectum of

the Saithe, Gadus virens, at Millport. It agrees closely

with Chilomastix gallinarum, except for the fact that

the terminal point is far more developed. We figni-e this

animal in the second part of the paper.
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5. Trichomonas Gallixarum.

Tricli omouas gallinai"ULu, as will be seen from the

table, is one of the commonest flagellate parasites of the

fowl.

It is rather variable in size (5*4-7 fx long by 5-6 fi wide).

Usually the form is more or less spherical, but sometimes the

lougitudinal axis of the body is considerably elongated (of.

PI. 11, figs. 11, 12).

At the anterior end four free flagella arise from a complex

blepharoplast, and another flagellum, wnth a similar origin,

passes down one side of the animal, attached to a fairly well-

^developed membrane, ending freely posteriorly.

Arising from the blepharoplast, and passing down under

the membrane is a darkly staining line. This has been termed

by Dobell in the case of Trichomonas batrachorum the

"chromatic base" of the membrane, but we are inclined to

regard this structure as homologous with the line found in

Trichomastix gallinarum, and therefore would prefer to

use the term " chromatic line.'' We return to the very

important part played in division by this structure in a later

j)art oE the paper.

Lying parallel to the line and between it and the base of

the membrane there ai'e, in the vast majority of cases, a

number of well-marked blocks, Avhich stain readily with

chromatic stains. Similar blocks have been found in some

species of trypanosomes. Try panoplasma. Trichomonas,
Trichomastix, and Trypanophis.

Xear the origin of the flagella there is the aperture of a

short curved pharynx. This is not nearly so well marked in

this form as in the species w^hich we describe under the name

of Trichomonas Eberthi,and can only be seen in favourable

specimens.

The nucleus is typically a fairly large oval structure and

seems to contain a large quantity of closely packed chromatin

granules, but there is a form of nucleus, the significance of
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which is not fully understood, in which nearly all the

chroinatin is condensed on a large central karyosome. This

form has been hitherto especially met with in recent infections.

A slender axostyle is sometimes found in this form.

Our series of divisions for this form is fairly complete, and

we think that it shows clearly that in its early stages division

may occur in any one of three planes. These divisions may

be termed respectively longitudinal, transverse, and oblique.

The determining factors between these three forms of division

appear to be : (1) direction of division of the blepharoplast

complex; and (2) direction of the outgrowth of the new
chromatic line. In all thi-ee cases the first process consists

in the separation of the basal granules forming the blepharo-

plast into two moieties, each of which retains two of the

original free flagella. The two new blepharoplasts arising in

this way are connected by a darkl}^ staining chromatic band.^

One of the new blepharoplasts retains its old position and its

connection with the old chromatic line and the old membrane

flagellum. The other new blepharoplast moves away in a

direction which is either at right angles or parallel to the

longitudinal axis of the animal. From this blepharoplast a

new chromatic line quickly grows out, and it will be seen

from PI. 11, figs. 15-30 more clearly than from any lengthy

description that the initial plane of division depends largely

upon the direction of the outgrowth of the new chromatic

line. If, as in the cases PI. 11, figs. 15-17, the line connecting

the new blepharoplasts is at right angles to the longitudinal

axis of the animal, and the new line grows out parallel to,

and in the same direction as the old line, the division may be

fairly described as longitudinal. If the line connecting the

new blepharoplasts is parallel to the longitudinal axis of the

animal's body, and the new line grows out parallel to, but in

the reverse sense to the old line, the initial stages of the

division are transverse (PI. 11^ figs. 18-24). If, finally, the

' This band has been vet:,'arded l)y other woi'kers on similar forms as

the axostyle. We can find no evidence for this view in this form, but

we return to this point in our final summary.
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line connecting" tlie hleplmroplasts is transverse to the longi-

tudinal axis of the animal, as in the first case, but the new

line grows out at right angles to the old line, the initial

stages of division may be described as oblique (PI. 11,

figs. 25-27)

.

As regards the details of the division process, there seems

to be a complete harmony between all three methods, tliough

at the same time there is clearly a certain amount of time

variation in i-egard to the various details of tliis process even

in specimens undergoing a similar type of division. The

general behaviour of the blepharoplast complex and the chro-

matic line has already been noted above, but it is necessaiy

here to point out that we are completely in the dark as to the

manner in which the chromatic blocks get re-arranged in the

course of division. There seems to be some reason to believe

that in the early stages of division the chromatic blocks

become scattered throughout the cytoplasm, but it is quite

clear from PI. 11, figs. 21 and 24, that in the later stages of

this process they have again attained their characteristic

position under the base of the membrane flagellum.

The new membrane flagellum seems to grow out rather

rapidly from the new blepharoplast at some fairly early period

in the division pi-ocess. The behaviour both of the membrane
fiagellum and the chromatic blocks during division present

very sharply marked differences from the behaviour of the

similar structures in Trichomonas Eberthi during this

process. The two new free flagella in each of the division

products grow out as rather thick, black processes from tho

blepharoplast complex. The stag'e at which this grows seems

to show a certain amount of variability (see PL 11, figs, 28 and

26). The band joining the divided blepharoplasts seems to

act as a sort of guide to the division of the nucleus, since it

is always parallel to an imaginary line joining the two new

nuclei; in fact the relation between the band joining the

blepharoplasts and the dividing nuclei seems to be a very

intimate one, and to have certain points of resemblance to

some of the phenomena seen in the mitosis of a typical
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tnetazoan nucleus. On tlie other liand, we wish to emphasise

the fact that there is no evidence for regarding the process of

nuclear division in this form as anytliing but an amitosis. It

would seem that in the later stages of division sepai-ation of

the cytoplasm may proceed more rapidly either at the anterior

or the posterior pole^ and this would explain such appearances

as are shown in PI, 11, figs. 29 and 30, since here we have

what we must regard as two late stages of a longitudinal

division, which, however, are clearly not successive. In PI. 11,

fig. 29, the in-cutting is proceeding more i-apidlyat the posterior

pole, widi a result tliat the two individuals will, at a slightly

later stage, lie in a head-to-tail position, whereas in PI. 11,

fig. 30, the in-cutting is proceeding more rapidly from the

anterior end, and the two new individuals will lie tail to

tail.

The last two figures of Trichomonas gallinarum (PI.

12, figs. 31, 32) are given to show apparent longitudinal

division resulting in both individuals possessing the relatively

rare type of nucleus with a distinct karyosome. Whether

these forms are destined to play some peculiar part in the

life-cycle of the animal is a question wliich must remain for

further work. It is interesting to note that in both these

cases the forms possess axostyles, which from their position

can hardly have played the important role in nuclear division

which has been ascribed to them b}" some workers.

It will be evident that Trichomonas gallinaruni

resembles very closely tiie form described by Prowazek from

the lizard.

So far all our attempts at finding any process i-esembling

conjugation have failed. We have found in very large numbers

a structure which we must regard as identical with the cyst

described by Prowazek, but the cysts by which we find that

infection is effected are of a different nature from those

described by Pi'owazek.

To the question of the real nature of this structure we will

return in a later part of the paper.
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6. Trichomonas Eberthi.

The features which characterise the second Trichomonas

form iubabitiug the ca3ca of the fowl have already been

mentioned on p. 59, but as in the case of this form we have

to deal with a new factor, a rather complicated form change,

the equivalent of which has not been met with iu Tricho-
monas gallinarum, we have been forced to divide our

description under the following heads :

(1) The t3'pical active Trichomonas Eberthi.

(2) The division of the active form.

(3) The resting stage.

(4) The intermediate stages between the resting and the

# active form.

The Typical Active Trichomonas Eberthi.

The body of Trichomonas Eberthi is, roughly, of a

carrot-shape, measuring, on the average, about 9^ long by

4-6 fx broad at its widest point.

Arising from the blunt anterior end there are typically three

long free flagella and a membrane flagellum, which runs back

in connection with a very broad membrane along the side of

the animal, to terminate freely beyond the animal's posterior

end (PI. 12, fig. 33). Xear the blunt anterior end a small

horn-shaped cytostome is frequently found.

The blepharoplast lies near the anterior end, and consists

probably of four darkly staining granules, each of which

gives rise to a flagellum. Starting from the blepharoplast,

a,nd running back along the base of the membrane to the

animal's posterior end, there is a very darkly staining*

chromatic line.

One of the best-marked differences between Tricho-

monas Eberthi and the previously described Trichomonas
gall in arum is given, as was stated on p. 59, by the arrange-

ment of the chromatin blocks. These blocks are here much
larger and more definite structures, and are arranged in an
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irregular double row near the anterior end. They lie over

the nucleus in such a way that if the side of the animal down
which the line and membrane run be regarded as dorsal^ then

the blocks are always on the animal's right side. A large

and well-developed axostyle is always present. It arises

apparently from the blepharoplast, and after a slightly

sinuous course ends in a sharp point beyond the animal's

posterior end.

The nucleus is a markedly elongated oval structure, and

the chromatin is distributed in a coai'se meshwork throuarh

the substance of the nucleus, showing usually some tendency

to become concentrated on the nuclear wall.

Division of the Active Form.

The process of division seems to be always longitudinal.

The first indication of division is nsually seen in the division

of the blepharoplast complex, but as the two new blepharo-

plasts may remain in close contiguity during the early stages

of this process, the first obvious sign of division is given by

the outgrowth of the new chromatic line (PI. 12, figs. 36, 37).

The new chromatic line in Trichomonas Eberthi always

grows out parallel and in the same sense as the old line, and

there is no trace of the chromatic band joining the blepharo-

plasts whicli was so characteristic of the dividing forms of

Trichomonas gallinarum.
The new nsembrane is formed as an outgrowth down the

new line (PI. 12, fig. 40), but the behaviour of the free

flagella during division is a little more difficult to under-

stand.

As has been previously pointed out, the vast majority of

active Trichomonas Eberthi bear three free anterior

flagella. In the division of these forms it seems probable,

from a study of stages resembling PI. 12, fig. 40, that two of

the old free anterior flagella pass in the division of the

blepharoplast complex to the moiety of the blepharoplast

which gives rise to the new chromatic line, the other free
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fl;igellinn, with the old membrane flagellum, persisting in its

connection with the other moiety of the blepharoplast. The
new free flagella, one in the case of the foimer individual

and two in the case of the latter^ are probably formed by

splitting from the edge of the membrane flagellum (compare

PI. 12, fig. 31-). This splitting process, as Avill be seen later,

is also met with in the passage from the resting to the active

stage.

We are inclined to regard the relatively rare stages found

with more than three free flagella, and with no other sign of

division, as examples in which the flagellar apparatus has

undergone precocious development in the ti-ansition towards

the dividing form (PI. 12, fig. 35).

(Jne of the most characteristic features in the division of

Trichomonas eberthi is furnished by the behaviour of the

cliromatic l)locks. These at an early stage show a tendency

to become arranged in a single line pai-allel to, and apparently

in connection with, the axostyle. Dnring the early stages

of division there is a marked tendency of tjie chromatin in

the nucleus to become condensed into a number of masses.

In early stages the number of these masses seems to be eight

(PI. 12, fig. 40), but in later stages there is a tendency for

them to become paired, giving rise to four double masses

(6g. 41). Unfortunately we have no figure showing the

actual state of the nucleus at the time of division, but it is

probable that the latter is a very modified form of mitosis.

We are also unable to supply any really conclusive evidence

as to the behaviour of the axostyle during division, but an
inspection of a large number of stages leads us to believe

that the old axostyle undergoes some pi'ocess of solution,

starting from its anterior end, followed by a re-formation in

the case of both individuals along the lines of the chromatic

blocks (cf . PI. 12, figs. 41, 42, 43). This hypothesis may seem
at first sight rather improbable to those who regard the

axostyle as a relatively permanent skeletal structure, but we
have so often watched the development of the axostyle in

resting forms of Trichomastix orallinarum within acom-
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paratively short period that we feel that any objection on

this score can carry relatively little weight. On the other

hand, we can certaiulj' find no evidence in this form that

the axostyle plays the important part in the division of the

nucleus which has been assigned to it by some workers on

allied forms.

The later stages in division are shown on PI. 12, figs. 43, 44.

In addition to the active forms of Trichomonas Ebert li i,

relatively rare true resting forms are also met with.

A typical resting form is figui-ed (PI. 13, fig. 45), in which

the nucleus, blocks and well-developed chromatic line are

quite normal, but there is no trace of the flagella. These

forms are in life characterised b}' a peculiar movement,

during which a conical wave of protoplasm travels slowh^ at

regular intervals down one side of the animal. Every stage

can be found between such a resting form and the active

Trichomonas with its three anterior flagella and well-developed

membrane. In the form figured on PI. 13, fig. 46, the mem-
brane is well developed, and in the presumably later stage,

figured in fitif. 47, an axostyle is also present.

Part of the changes between such a form as is fiyui-ed

in PL 13, fig. 48, and the typical active form have been

followed on the living animal. The new free flagella are split

successively fi-om the edge of the undulating membrane (cf.

PI. 12, fig. 34).

The new free flagella thus formed at first trail behind the

animal, and it is to this fact we believe that the difference

in movement so often observed in these Trichomonads is due.

In the fully developed Trichomonas the free flagella strike

successively well out in front of the animal, whereas in the

trailing form the free flagella drag behind the animal, and

the whole movement of translation is probably due to the

action of the undulating membrane.

As to the origin of these resting forms, it would be

hazardous in the present state of our knowledge to speculate;

but we should like in this place to draw attention to another

well-marked but little understood series of forms which
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possibly play an important part in the life-cycle of the

Trichomonas. These forms possibly represent some con-

jugation process, but at present we can offer no decisive

evidence upon this point. It is, of course, possible that

they ai-e degenerate dividing forms. They may be tersely

characterised as forms with a double nuclear apparatus and a

double chi'omatic line, but in which the flagellar apparatus is

degenerate, and finally becomes entirely lost. In the later

stages of this process a number of forms are met with in

Avhich the chromatic lines become twisted into irregular

circles.

The nuclei of the specimen show^n in PL 13, fig. 48, would

appear to be undergoing division, possibly preparatory to

conjugation, and it is interesting to note that forms of this

type Avith nuclei containing only four chromatic masses

have been found, e.g. fig. 49. On the other hand, it is

possible that the division of such a form as this would give

rise to the resting forms we have previously described.

Against this view, however, it may be noted that on one

occasion we had an opportunity of keeping a living form of

Trichomonas Eberthi, Avith tAvo membranes and no free

flagella, under observation for sis hours, during which time

there Avas not only no sign of division, but the animals

became more rounded and lost one membrane. It seems

very possible that it is to such forms as these that Schaudiuu

refers on p. 550 in his paper, " Uutersuchungen iiber die

Fortpflanzung einiger Rhizopoden " (1903).

"Die in fast jedem Darm vorkommende Trichomonas

intestinalis verliert namlich vor der Kopulation ihre Geisseln

und ist dann von einer echten Amobe nicht leicht zu unter-

scheiden, weil sie audi mit stumpf-lobosen Pseudopodien

umherkriecht."

7. Trichomastix Gallixarum.

The body in the fully developed active form of Tricho-
mastix gallinarum is roughly pear-shaped, measuring

about 5 /u loug by 3 f_i.
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From the anterior blunt end four long free flagella take

their origin.

Running down one side of the body for a distance of about

one third of the animal's length from the anterior end there

is a single row of darkly staining chromatic blocks, which

seem in most cases to obscure a thin, short, chromatic line.

This line is shown in PI. lo, figs. 52, 53.

The blepharoplast appears to consist of four basal

granules, each of which gives rise to one of the four free

flagella.

The nucleus is an oval, darkly staining mass lying near the

anterior end. Usually the chromatin is scattered more or

less irregularly through the substance of the nucleus.

An axostyle is typically present, taking its origin from the

blepharoplast, to terminate as a pointed rod at the animal's

posterior end. In addition to the elongate active forms, more

rounded active forms are also met with in which the axostyle

is curved round at its posterior end (PI. 13, fig. 55). In

nearly all these forms, two small darkly staining Avedges

are found on either side of the axostyle near its posterior end.

We have been able to get a fairly complete series of

divisions of the active form of Trichomastix gallinarum,

though here again we met with a curious time-variable in the

behaviour of the various parts of the divided organism to

which we have drawn attention above in the account of the

division of the other forms.

The division is here, as far as its initial stages are con-

cerned, a longitudinal one. In the earliest stage of division

that we figure (PI. 13, fig. 57) the blepharoplast complex has

divided, two of the basal granules with their two attached

flagella have remained in the old position near the anterior

pole in connection with the old chromatic line. The other

two, with their flagella, have moved to a new position in a

slightly posterior oblique direction, and have given rise to a

new chromatic line. The two new blepharoplasts are still con-

nected by a chromatic band, which is probably analogous

with a similar structure described in the division of Tricho-
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monas galliiiaru m. The axostyle is apparently uncliang*ed,

but the chromatic g'l-annles are scattered irregularly through

the cytoplasm at the anterior end of tlie animal. The nucleus

has become quite round and the chrom;itin is now distributed

between the nuclear membrane and the karyosome-like body

lying in the centre of the nucleus.

We have, unfortunately, no stage showing the behaviour of

the nucleus at the moment of division, since in the next stage

which we figure (PI. 13, fig. 58) the nucleus has already

divided. The two new blephai-oplasts with tlieir attached

fiagella now lie at opposite sides of the aninnil's body, which

has become more rounded. The band joining the blepharo-

plasts is already showing signs of disappearance, but that

•this may persist till a much later stage is shown in figs. 59

and 60. The two new nuclei resemble very closely the

7mcleus of the preceding fig. 57, since in both cases the

chromatin is divided in a characteristic way between the

nuclear wall and the internal mass. Here, again, in the case

of Trichomastix gallinarum, as in the preceding case of

Trichomonas gallinarum, we have no definite evidence

as to the behaviour of the axostyle during division, but we
believe that here also we have a process of solution of the

old axostyle and the formation of two new ones.

The chromatin blocks in this specimen are still rather

irregularly scattered through the cytoplasm. They seem to

show some tendency towards their formation into two more

or less parallel longitudinal series. In the succeeding stage,

shown in fig. 59, the body of the animal is more rounded,

and a new short flagellum is growing out from the blepharo-

plast in each individual. Each individual possesses a short,

fine chromatic line and an axostyle, and the chromatin blocks

in each case are showing a tendency to resume the ari-ange-

ment characteristic of the original active individual.

In the next stage (fig. 60) division has proceeded much
further as regards the cytoplasm, but the nucleus is in a con-

dition which we must regard as intermediate between the

round form with the chromatin divided between the nuclear
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membrane and the karyosome, characteristic of the recently

divided nucleus figured and tlie state shown in fig. 59, in

whicli the chromatin is assuming the ii-reguhir distribution

throuo-h an oval nucleus charMcteristic of the later stages of

division and the normal active foi-m.

In the later stages tlie line between the blepharoplast has

disappeared, and the fourth free flagelhim has grown out in

the case of each individual. The process of division is in

these cases complete except for the severance of the cytoplasm.

From the occuri-ence, however, of free individuals with only

three free flagella, it seems proba,ble that in some cases the

fourth flagellum is only added after the division of the

cytoplasm has been effected.

The aflagellate resting forms of Trichomastix galli-

nai'um are fairly commonly met with, lying usually in groups

of three or four, in preparations from the Ccecal wall.

In the typical resting forms, such as are figured on Pi. 14,

fig. 64, the body of the animal is quite rounded. There is no

trace of flagella, but there is a well-mai-ked blepharoplast.

The nucleus has the characteristic ap()earance alieady

described for the active form, but there is a tendency for

the chromatin granules either to become massed in a double

row or to fuse, forming a darkly staining band round the

periphery. An axostyle may be present or aljsent.

It is proba,ble that the grcniping of these resting forms

mentioned a])ove is due to antecedent division.

In fig. G5, PI. 14, a gi-oup of three distinct individuals is

drawn, of whicli A is just dividing, whereas B and c are pro-

bably the result of a, recent division.

If this hypothesis of division be accepted, it is rather

interesting to note that in each of the cases figured (PI. 14,

fig. 65), the division of a presumably non-flagellate form has

resulted in the production of one individual in which new

flagella ai'e growing out, whilst the other individual still

remains in the resting stage. A later stage in the outgrowth

of the flagella in a form probably derived from the division of

a resting form is seen in fig. 6G, PI. 14.
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We have been able to observe the transition between the

active elongate form and the restino- stage in life on a warm
stage.

It will be obvious from the account of the dividiuo- resting^

form given above that it is possible in these cases for the

animals to acquire new free flagella as stiff outgrowths from

the blepharophist, a method which, as we have already seen,

is adopted by the dividing individuals in acquiring their two

new free flagella. In addition to this process we have met with

a number of remarkable swathed forms, which we are inclined

to interpret as indicating a process of outgrowth of united

flagella along the surface of the cytoplasm. Some of the

successive stages, Avhich we are inclined to explain on this

hypothesis,^ are shown in PI. 14, figs, 67-71.

It is only necessary now to refer to such forms as that

figured in PI. 14, fig. 72. Here, again, as in the analogous

forms figured (PL 13, figs. 49-52) for Tri chomonas Eberthi,

we possibly have to do with the process of conjugation coupled

with a loss of the flagellar apparatus. But here, again, we

have no definite evidence to offer in support of this view.

8. EXPLANATION OF PLATES 10-14,

Illustrating the paper by Mr. C. H. Martin and Miss

Muriel Eobertson upon " The Csecal Parasites of Fowls,"

Part I.

[The oiTtlines of all figm-es were drawn with a camera under Zeiss

comp. oc. 12 and 2 mm. apocliromat., with long tube at table level.

For the study of the detail Zeiss's lb apochromat. with their

achromatic condenser Ap. 130 was used.]

PLATE 10.

Figs. 1-10.—Chilomastix gallinarum.

Fig. 1.—Active Chilomastix gallinariim, showing foin- free

flagella. blepharoplast, nucleus, pharynx and ingested bacteria.

1 These stages might be regarded as stages in the absorption of the

flagella ; but we have observed the loss of the flagella in the living fonn

on more than one occasion without any indication of these appearances
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Fig. 2.—Tailed form,

Fig. 3.—Rounded form, showing chromatin masses in the nucleus.

Fig. 4.—Yery small form.

Fig, 5.—Early division stage of small Chilomastix gallinarum.

Fig. 6.—Later stage of division. Only one of the two flagella is

shown in one of the division products.

Fig. 7.—Resting aflagellate form of Chilomastix gallinarum

prior to encystment.

Fig. 8.—Beginning of the formation of the cyst wall.

Fig. 9.—Late stage in the encystment of C h i 1 om a s t i x g a 1 1 in a ru ni.

Fig. 10.—The cyst of Chilomastix gallinarum.

PLATE 11.

Figs. 11-30.—Trichomonas Gallinarum.

Fig. 11.—Active Trichomonas gallinarum.

Fig. 12.—Elongate active Trichomonas gallinarum.

Fig. 13.—Trichomonas gallinarum with axostyle.

Fig. 14.—Active form, showing cytostome.

Fig. 15.—^First stage of longitudinal division. The blepharoplast

has divided ; two basal granules with their flagella remain in connec-

tion with the old line and memljrane flagellum. A new line has grown

out from the other two granules.

Fig. 16.—Later stage in longitudinal division. The new blepharo-

plasts have moved apart, but are connected by a chromatic band.

Fig. 17.—Later stage of longitudinal division.

Fig. 18.—First stage of transverse division.

Fig. 19.—Later stage transverse division.

Fig. 20.— Still later stage of transverse division. This stage shows
the arrangement of the chromatin in the nucleus at the time of

division.

Fig. 21.—Later stage transverse division.

Fig. 22.—Later stage transverse division.

Fig. 23.—Transverse division.

Fig. 24.—Probably late stage transverse division ; the line between
the blepharoplasts has disappeared.

Fig. 25.—First stage obliqiie division.

Fig. 26.—Later stage oblique division.

Fig. 27.—Still later stage oblique division.
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Fig. 28.—Late stage division. A third free flugellmii is growing out

as a sliort thick rod in one of the daughter individuals.

Fig. 29.— Late stage division, proljablj^ longitudinal.

Fig. 30.—Late stage division.

PLATE 12.

Figs. 31.32.—Trichomonas gallinarum.

Fig. 31.— Late stage of the division of Trichomonas gallinarum,
showing the form with axostyle.

Fig. 32.—Late stage of the division of the form of Trichomonas
gallinarum. showing tlie outgrowth of the fourth flagellum in each

of the daughter individuals.

Figs. 33-44.—T. Eberthi.

9 Fig. 33.—Active Trichomonas Eberthi. Normal form, with

three free flagella and membrane flagellum.

Fig. 34.—Trichomonas Eberthi. Form with three free flagella

and a fourth flagellum just splitting off from the membrane flagellum.

Fig. 35.—Trichomonas Eberthi. Form with four free flagella.

Figs. 36-38.—Early stages in division. Trichomonas Eberthi.

Fig. 39.—Late stage in division. The chromatin of the nucleus is

condensed into eight masses ; two new flagella have been formed.

Fig. 40.—Still later stage of division. The chromatin masses have

now associated to form four dark masses. The new membrane
flagellum is growing out along the new line.

Fig. 41.—Still later stage. The nuclei have divided, though the

axostyles ai"e not formed.

Fig. 42.—Late stage division, showing axostyles and divided nuclei.

Figs. 43.44.-—Still later stages in the division of Trichomonas
Eberthi.

. PLATE 13.

Figs. 45-52.—Trichomonas Eberthi.

Fig. 45.—A flagellate resting stage of Trichomonas Eberthi.

Fig. 46.—Trichomonas Eberthi. Form with membrane, but

without free flagella.

Fig. 47.—Trichomonas Eberthi. Form with membrane and

axostyle, but no free flagella.

Fig. 48.—Trichomonas Eberthi. Form developing free flagella.
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Figs. 49-52.—Doubtful dividing forms Trichomonas Eberthi,
perhajjs really eai-ly stages of conjugation.

Figs. 53-63.—Trichomastix gallinarum.

Figs. 53, 54.—Active elongate form, T r i c h om a st i x g a 1 1 i u a r n m

.

Fig. 55.—Active form, Trichomastix gallinarum.

Fig. 56.—Active rounded form, showing chromatic line.

Fig. 57.—First stage in division of the active form.

Fig. 58.—Later stage in division.

Fig. 59.—Later stage of division, showing the outgrowth of a new
flagellum in each of the daughter individuals.

Fig. 60.—Still later stage.

Fig. 61.—Later stage, in which the chromatic band between the

blepharoplasts lias disapj)eared, and the fourth flagellum has been

added.

Fig. 62.—Last stage in division.

Fig. 63.—Trichomastix gallinarum, with only three free

flagella.

PLATE 14.

Figs. 64-72.-—Trichomastix gallinarum.

Fig. 64.—Resting aflagellate forms of Trichomastix gallinarum.

Fig. 65.—Dividing resting forms.

Fig. 66.—Trichomastix gallinarum. Possibly further stage

in the outgrowth of flagella in an individual, resulting from the division

of a resting form.

Fig. 67-71.—Possibly stages in the development of flagella on
resting individuals of T r i c h om a s t i x g a 1 1 i n a r um

.

Fig. 72.—Possibly a stage in conjugation.
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THE PRESIDENT'S ADDRESS.

SPECULATIONS WITH REGARD TO THE SIMPLEST
FORMS OF LIFE AND THEIR ORIGIN ON THE EARTH.

By Prof. E. A. Minchin, M.A., F.R.S.

(^Delivered February IWi, 1912.)

Gentlemen,—
It is with no slight feeling of diffidence that I venture

to discuss the subject which I have chosen for my address to-

night, since there is perhaps no problem in the whole range of

the natural sciences which appears to be so far beyond the

possibility of final and definite solution as that of the origin of

life. We must, indeed, " with no middle flight intend to soar "

when we attempt to unveil so profound a mystery ; we must fit

our imagination with wings that can carry it across the pro-

foundest abysses of space or the most immense periods of time.

Scientific men are not agreed as to the probable length of time

during which living beings have existed on this terrestrial globe

of ours ; but the lowest estimate is about a hundred million years,

the highest about a thousand million. What can the human
intellect pretend to know with any approach to certainty about

events from which we are separated by so vast an interval of

time ? A.11 that we can attempt is to discuss the conditions and

limitations of the problem with the object of ascertaining what

are its possible or probable solutions. I think I need not

apologise for bringing the subject of the oiigin of life before this

Club, since the progress, slight though it may be, that "has been

made towards a solution of the problem would have been

impossible without the aid of the microscope.

Before I can approach the main problem, that of the origin of

life, it is necessary to discuss first the nature of the living

substance, and to gain, if possible, some notion of its simplest or

most primitive form. For this purpose I shall be obliged to

trouble you with a certain number of hard facts, some of them

difficult and abstruse, others perhaps tedious from their

JouRN. Q. M. C, Series II.—No. 70. 23
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familiarity, which I shall endeavour to deal with as briefly as

possible.

In our experience of the natural world there is no sharper

distinction to be drawn, with regard to the objects around us,

than that between the living and the not-living, between animate

and inanimate objects. This distinction is one which is forced

upon us from our earliest years ; we learn to discriminate between

things with and things without life long before we are able to

form any exact notion of the distinctive characteristics or

properties of living beings. Our conception of life is based on

the facts of experience, as that of a property possessed by some

things, not by others, and easily lost by those which possess it.

Further knowledge, even when based upon exact scientific

'

studies, does not lessen in any way the fundamental distinction

between living and lifeless objects. We obtain a clearer and

more accurate notion of the characteristic properties of living

things, and become able to state with more exactness what

objects should be cla.ssed as animate or inanimate respectively.

But with increase of knowledge the distinction becomes ever

sharper, and the gap between the living and the not-living

remains as the widest gulf separating any two categories of

natural objects, with nothing to bridge it, no transition from the

not-living to the living.

Even in the present state of scientific knowledge, it is scarcely

possible to frame an exact definition of life in the abstract. It

is better not to attempt it, but to inquire merely, what are the

principal characteristics of hving things, distinguishing them

from those that are not livnug ? The popular answer would be,

movement, growth, specific form and reproduction according to

kind, the offspring being like the parent ; to these might be

added the peculiar phenomena of sexual behaviour and sexual

differentiation, and the possession by many if not all living

things of faculties of the kind that we term mental or psychical.

Some of these characteristics, however, cannot be applied

rigorously for the purpose of distinguishing or identifying living

things. Some things that undoubtedly have life do not exhibit

movements perceptible to our unas.sisted senses ; on the other

hand, there is plenty of movement in lifeless things around us,

in air and water. All living things grow, but so do some life-

less things undi'r certain conditions— for example crystals, which
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also exhibit specific form. No lifeless things reproduce their

kind, but reproduction may be regarded as discontinuous growth,

and the offspring produced by a living body is not always

similar to the parent, but sometimes very different from it, as in

the well-known phenomena of alternation of generations. No
inanimate object, however, exhibits sexual characteristics or

psychical faculties.

Analysis of the properties of living things shows that their

most distinctive characteristic is that which is known as

metabolism, signifying that, however distinctive and apparently

constant the form and characters of the living body may be,

considered as a whole, its substance is undergoing incessant

change. A living organism of any kind takes up substances

from its environment and causes them to undergo chemical

changes which result in their being built up into the substance

of the living body itself. At the same time the living substance

is also undergoing changes which result in its breaking down,

with production, on the one hand, of simpler and more stable

compounds than those which constitute the living substance,

and, on the other hand, of energy in various forms, such as

movement, heat, electrical changes, etc. Hence the principal

manifestation of life is the exercise of two processes of change

of substance ; the one, termed anabolism, is the building up of

the complex chemical substances composing the living body from

simpler materials ; the other, termed catabolism, is the breaking

down of these complex bodies in order to generate energy. If

the process of building up the body-substance is more active than

that of breaking it down, as is usually the case, the result is

growth or reproduction. The growth of a living body is there-

fore quite different from that of a not-living body, such as a

crystal, which grows without chemical assimilation. A crystal of

salt or sugar, for instance, can only grow in a liquid in which

salt or sugar has been dissolved ; but to grow a fern in a pot, it

is not necessary to supply it with solution of fern, but only with

water containing inorganic salts, air and light : then by means

of the energy absorbed from the sun's rays the fern is able to

absorb the simple substances that it obtains from its environment,

to build them up into the complex fabric of its body, and to grow.

Whatever the form or specific characteristics of a living body,

this fundamental vital pioperty of metabolism remains its most
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distinctive peculiarity, the mark and sign of life. The metabolic

process varies infinitely in detail in different cases, but remains

throughout the same in principle : a chemical transmutation of

substances to build up the complex material of the living body,

and the breaking down again of the living substance to produce

energy. The process of metabolism may be temporarily in

abeyance, but complete inhibition and permanent cessation of

metabolism means death ; the body ceases to be living and

becomes merely a mass of inert and lifeless substance. If a

li\-ing body appears to us as a stable body, the fact is due solely

to the limitations of our senses, which cannot take cognisance of

the process of incessant change that is going on. Could we either

magnify the substance of the living fabric, or increase the range

of perception of our senses to such an extent that we could

actually observe the chemical and physical changes taking place,

then a living organism, however minute, would appear to us to

hum like a factory or roar like a furnace. Chemical molecules

are being taken in, broken up, theu' constituent atoms combined

with others to build up huge molecules containing hundreds and

thousands of atoms in more or less unstable union. These mole-

cules in their turn are breaking down and smaller groups of

atoms are being set free with explosive suddenness, producing

heat, movement and other forms of energy.

If now we examine further into the composition of living bodies,

we find them to contain universally a substance known as

protoplasm, which presents itself as a viscid, slimy fluid, very

rarely clear and transparent and then only in pai-ts, but as a

rule turbid and containing great numbers of granules and

enclosures of various kinds. Some living bodies consist entirely

of protoplasm : in others various structures and mechanisms are

produced in and by the protoplasm, and by this means a very

complex organisation may be produced. The general statement

can be made, however, that living bodies consist either of

protoplasm alone or of protoplasm combined with the products

of its own vital activity. Protoplasm may, in short, be identified

as the material basis of life.

When this substance, protoplasm, is examined further, it is

found that from the chemical point of view it consists chiefly of

substances known as proteins, the most complex chemical sub-

stances known. A familiar example of a protein is albumin,
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white of egg, but this is a protein of comparatively simple

chemical structure ; many other proteins are much more com-

plicated in this respect, and contain a vast number of atoms of

several kinds combined together, those of most common occurrence

being carbon, oxygen, hydrogen, nitrogen, sulphur and phos-

phorus. Proteins are, in short, chemical compounds of such

complex nature that at the present time they are quite beyond

exact chemical analysis ; it is impossible either to state exactly

how they are built up out of their constituent atoms, or to make
them artificially in the laboratory. Proteins are characteristic

components of living bodies and can only be obtained from living

bodies. The enormous chemical complexity of proteins admits of

endless variations in them ; apparently every species of organism

has its own peculiar proteins, different from those of every

other species.

There is a further difiiculty with regard to the chemical compo-

sition of the living substance. The chemist can only deal with it

when it is dead ; he must begin his analysis by destroying the

life. From the dead protoplasm a great number of different

proteins are obtained ; but it is impossible to state whether the

proteins existed separately as such in the living body, or whether

they were combined together into a far more complex substance.

We cannot say at the present time whether the essential

constituent of living matter is a single chemical substance or a

mixture or combination of various chemical substances ; though

from the facts to be considered presently it seems more probable

that the second alternative is the true one, and that thei-e is no

single chemical substance which could conceivably be isolated in

a pure state and be exhibited as the living suhHt&ncepar excelleiice.

In other words, the properties of living things are not to be

regarded as inherent in one single chemical compound ; from a

strictly chemical standpoint there is no living substance.

Let us now consider briefly the physical and structural

peculiarities of protoplasm. Taken as a whole, protoplasm is

distinctly of a fluid nature; it may contain particles or structures

of a firm consistence, but this does not prevent it being fluid in

the aggregate. Some samples of protoplasm may be less fluid

than others ; some are very distinctly and obviously fluid, others

may be stiffened to a degree that approaches very nearly to the

solid condition, lying on the boundary between fluid and solid
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matter. The fluid nature of pi'otoplasm is seen from a variety

of facts that can be observed without difficulty ; chief amongst

these are its streaming and flowing movements and the tendency

of masses of pure protoplasm to round themselves off and

become spherical when they come to rest. Small masses of

protoplasm like an amoeba assume a shapeless, irregular and

changeable form when in movement; but when their activity

ceases from any cause, they become spherical in form. In such

organisms a definite, constant and characteristic body-form can

be maintained only by the fonxiation of firm structures which act

like a primitive type of supporting skeleton, and which have the

form either of internal rods or bars or of an external envelope

like a skin. A further indication of the fluid nature of proto-

plasm is seen in the fact that drops of watei-y fluid, so-called

vacuoles, suspended in the protoplasm, tend always to have a

spherical form unless there is something to prevent this

tendency.

The minute structui'e and physical nature of protoplasm is a

disputed subject which it is not necessary for me to discuss in

detail. Any one who has looked at an amoeba under a microscope

of even moderate magnifying power knows that its body consists

of a fluid ground-substance or matrix in which numerous granules

are imbedded. As regards first of all this matrix, the views of

experts are at variance ; some consider it to be a homogeneous

colloid fluid, but the majority of investigators hold that it

consists of two parts, a delicate framework and a watery cell-

sap. From the fluid condition of the protoplasm as a whole it

follows that both framework and cell-sap must be fluid; they

must then be regarded as two fluids which will not mix with

one another. The framework is more viscid, and probably con-

sists of albuminous substance; the cell-sap is more fluid, and

appears to consist of water containing .salts and substances of

various kinds in solution.

It is to the granules that I must direct your attention more

particvilarly. In any sample of protoplasm there are a great

many diSerent kinds of granules, as shown by their reactions to

chemical reagents and stains. Many of the granules un-

doubtedly repi-esent stages in the process of metabolism described

above ; that is to say, they are substances which are either on

their way to be built up into the com])lex material of the
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living body, or substances which have come into existence by

the breaking clown of the living matter, and which will be

eliminated eventually from it ; they may be compared generally

either to the fuel or the ashes of a fire. Such granules may

be classed generally as metaplastic bodies—that is to say, as bodies

which are not, strictly speaking, a part of the living protoplasm

itself.

In addition, however, to granules of temporary metaplastic

nature, there are certain other granules which appear to be of

the greatest importance in the economy of the living substance,

since they are of constant and universal occurrence in living

organisms of all kinds—namely, the peculiar grains known as

chromatin, so called on account of their property of taking up

certain colouring matters, a peculiarity by which they are

generally recognised. In organisms of the most simple type the

chromatin-grains are distributed usually throughout the whole

protoplasmic body, or the greater part of it ; but in the majority

of cases they are gathered together at one point, or more than

one, to form a structure termed the nucleus— t]xa,t is to say, the

kernel, as it were, of a certain mass or lump of the living

substance, which is then commonly termed a cell. The nucleus

varies greatly in structure in different cases, but consists always

of a collection of chromatin-grains combined with various

accessory substances and structures which may be termed collec-

tively achromatin. The chromatin-grains are the essential

element of the nucleus, which never contains any metaplastic

bodies of any sort.

When a true nucleus is present, the protoplasm outside it,

constituting the cell-body, is commonly termed the cytoplasm
;

it

may contain extranuclear grains of chromatin, so-called chro-

midia, or may be quite free from them. There is no essential

difference, however, between the cytoplasm of a nucleated

organism and the body- substance in those organisms in which the

chromatin-grains are scattered through the protoplasmic body

without being concentrated and organised into a nucleus; we

may therefore use the word " cytoplasm " to designate the proto-

plasmic ground-substance or matrix apart from the chromatin-

grains, irrespective of whether a definite nucleus exists or not.

It is necessary to be clear about the meaning of the terms

used, in order to avoid confusion of thought, and in the present
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case some -writers use the word "protoplasm" as synonymous with
cytoplasm—that is to say, to denote the ground-substance of the
living matter in contradistinction to the nucleus or chromatin.
I think it is best to use the term "protoplasm" for the living

substance as a whole, regarding it as composed of two principal

parts—namely, the cytoplasmic matrix and the chromatin-grains

or nucleus, which, as universal and permanent constituents, are
to be distinguished from temporary products of vital activ-ity

such as the metaplastic grains.

I must now enter into some further details with regard to the
chromatin-grains. The usual test for chromatin is its staining

properties, but this is, in reality, a very inadequate method of

identification, for two reasons. In the first place, there may be
present in the protoplasm formed masses of substances of various
kinds which are not chromatin, but which may stain more
intensely than the true cliromatin, even with the so-called nuclear
stains. In the second place, true chromatin often reacts very
diflferently towards the same stain in different cases. A particular
method of staining will colour the chromatin of one organism
very deeply, that of another not at all. There is no dye known
which can be relied upon to stain chromatin always, or which
will stain nothing but chromatin in the protoplasm.

From the chemical point of view, all that can be said of
chromatin is that it appears to consist of, or to contain proteins
more complex than any part of the living substance ; the so-called

nucleo-proteins, characterised chiefly by being rich in phosphorus-
compounds. The infinite variability of the proteins, already
mentioned, is seen especially in the case of chromatin. It is

highly probable that no two samples of chromatin are ever
perfectly similar—a statement which applies not only to organ-
isms of different species, but even to diflferent individuals of the
same species.

Chromatin, therefore, is not to be regarded as a substance
which can be characterised or defined by chemico-physical reactions
or properties. It would perhaps be better to speak of chromatins,
or of the chromatin-class of substances, than to use the word
" chromatin '4n a manner that might convey the idea that a definite

chemical compound was meant by it. The conception of chromatin
is founded essentially upon its biological properties ; it must be
recognised and identified by its relation to the vital activities and
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life-history, as a whole, of the organism. There are many data

both of observation and experiment which indicate that the

chromatin-grains are of primary importance in the life and vital

processes of organisms of all kinds. In the first place, the

chromatin-grains appear to be invariably present in evei'y living

organism, and there are some organisms which consist of little or

nothing but chromatin. When a cell or a simple living organism

reproduces itself by the ordinaiy method—that is to say, by divid-

ing into two or moi'e daughter-individuals—the chromatin-grains

divide also and are distributed amongst the offspring. In many
cells the nucleus divides by a very elaborate mechanism, termed

karyokinesis or mitosis, which ensui-es that of the two daughter-

nuclei produced, each obtains one of the two daughter-grains of

chromatin resulting from the division of each grain of chromatin

that was contained originally in the nucleus of the parent-cell.

And note this most remarkable fact of all : the sexual process,

that great mystery of living matter, consists essentially, in all

cases without exception, in plants and animals alike, of union of

nuclei or chromatin from two distinct organisms. In the whole

series, from man to sea-anemones and Protozoa, what are termed

commonly affairs of the heart are in reality affairs of the chromatin-

substance. The observed facts of fertilisation and development

have led to the belief, I might almost say the conviction, in the

minds of many naturalists that the chromatin-grains determine

the characters of the offspring and are the bearers of hereditary

tendencies and properties. Finally it should be mentioned that

the special physiological function of the nucleus in the ordinary

life of the cell appears to be that of producing the peculiar sub-

stances known as ferments or enzymes, substances which more

than any others are characteristic of living bodies and of vital

activities.

Equally remarkable are the results obtained by experiment.

If unicellular organisms are cut into smaller parts, it is found

that any part which does not contain the nucleus or a part of

the nucleus may continue living for a short time, but dies sooner

or later, and is incapable of feeding or growing and consequently

cannot regenerate the lost parts of the organism. A portion of

the protoplasm that contains no nucleus may exhibit for a time a

certain amount of movement, and may continue to digest food-

particles of which the digestion was begun before it was cut off
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from the nucleus, but it cannot initiate digestion, nor can it

ingest food. Many Protozoa, such as Foraminifera, have shells

of complicated structure, and if the shell be damaged the animal
repairs the injury

; but if its nucleus be removed the power of

repairing injuries is lost. On the other hand, if a fragment
cut off from a living organism contains the nucleus, or even a
portion of the nucleus in some cases, it is able to continue li\'ing

in a suitable emTronment, to feed, grow and finally regenerate
the entire organism.

From the data obtained from experiment and observation
alike, it is clear that the chromatin-substance is of the greatest
importance in the life of the organism. Without it the cytoplasm
cannot continue to live and cannot initiate the most characteristic

activities of the living substance ; the processes of assimilation
and growth, reproduction and sex, all are dependent alike on the
presence of chromatin in the protoplasm and cannot take place
without it. Speaking for myself, I believe that it is the chromatin-
substance which represents the primary living matter, the true
material basis of Hfe, and that the cytoplasm is of secondary
importance in this respect.

The objection will doubtless be raised to the view that I have
expressed, that, in the case of a unicellular organism, such as an
amoeba or a ciliate infusorian, the nucleus isolated from the cyto-
plasm cannot live by itself and cannot regenerate the body unless
a certain amount of cytoplasm be associated with it. This fact
becomes perfectly intelligible, however, when we leflect that
many organisms in Nature are so adapted and attuned, so to
speak, to a particular mode of life that they cannot live except
m certain conditions of environment, or unless supplied with
special food. It would therefore be in no way remarkable if a
nucleus, living always in a particular cytoplasmic environment,
were unable to continue hving when removed from its natural
surroundings. The fact would not, in my opinion, disprove my
contention that the nucleus—that is to say, the chromatin—is the
primary living substance, any more than the fact that a fish

cannot Uve out of water would be a proof that the water was
living as well as the fish.

The most convincing proof, to my mind, tliat the chromatin is

the primary living substance, is that many organisms appear to
coubist mainly, if not entirely, of chromatin alone, as for example
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some bacteria and spirochaetes, and above all the organisms known

as Ohlamydozoa. I must at this point say a few words about

these Chlamydozoa, since they have been discovered or invented

very recently-so recently that their very existence is not yet

beyond a doubt, and they are not as yet very familiar even to

the scientific public.

An acquaintance with the Chlamydozoa has gradually been

forced upon scientific and medical investigators on account of the

connection which some species of these organisms have with certain

very well-known diseases of men and animals-diseases of which

theUrue nature and cause have long been very problematical

Such, in the first place, are small-pox and vaccinia, trachoma and

molluscum contagiosum m human beings, and in birds, epithelioma

contagiosum and diphtheria. Other diseases possibly attributable

to Chlamydozoa are hydrophobia, scarlet fever, measles, foot-and-

mouth disease of animals, possibly also distemper, and the silk-

worm disease known in Germany as " Gelbsucht." In all these

cases the specific virus, different in its properties in each instance,

has certain common peculiarities ; the pathogenic organism, what-

ever it may be, is a " filter-passer "-that is to say, it can pass

through ordinary bacterial filters without losing its virulence,

and it produces characteristic reaction-products or cell-inclusions

in the cells of the tissues which it attacks.

As an example of a chlamydozoal organism, I may describe

briefly the hfe-bistory of the small-pox organism as it is stated by

Hartmann, Prowazek and others to take place.* The infection

begins with numerous "elementary corpuscles," minute grains

barely visible, which can pass through the bacterial filters and

which occur both between and within the cells of the body.

Within the cells the elementary corpuscles grow slightly larger,

becoming the so-called "initial bodies." Theh- presence within

the infected cell stimulates an abnormal growth of the celi-

nucleus, which throws out nucleolar substance into the cytoplasm

of the cell The parasites become enclosed in this nucleolar sub-

stance as in an envelope or mantle, hence the name Chlamydozoa.

The mantle with the contained parasites forms a characteristic

See especially Hartmann, CentralU. Bald. Parasitonkunde (1 AU.,

Ref.) xvn:fBeiheft, p. 94; Prowazek, mndM.rk der P^^"^^^'^^^^

II. (Leipzig, J. A. Barth, 1911); Prowazek & Aragao, ^anola-Unt r.uch

n.g.n:'Mci.last. Osu:aUo Cruz I. pp. H7-158, pls. vu., via., 2 text-fi,..
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cell-enclosure known in the case of small-pox and vaccinia as

a Guarnieri's body, from its discoverer, who regarded it as the

true parasite and named it Cytoryctes; according to the most

recent investigations, however, the Guarnieri's bodies, and similar

bodies in other diseases, are merely extrusions from the nucleus

enveloping the true parasit&s—that is to say, the Chlamydozoa.

Finally the Guarnieri's body breaks up, the cell becomes full of

initial corpuscles which divide up into numerous elementary

corpuscles, and the cycle is complete.

In all this cycle of development the Chlamydozoa multiply

actively by simple di\'ision into two, and in this process of

division there are some noteworthy features. The minute

organism is not constricted simply into two, like a bacterium,

but becomes dumb-bell-shaped, the two daughter-individuals as

they separate being connected by a thread which is drawn out

until it snaps. The division recalls that of a centrosome in an

ordinary cell. I interpret this to mean that the minute body

of a Chlamydozoon is not limited by a membrane like that of

a bacterium, but is naked and of a fluid nature ; consequently,

when division takes place, the viscous body is drawn out in the

manner seen and described.

Thus to sum up briefly the characteristics of the Chlamydozoa

:

they are organisms so minute as to be barely visible, in some

cases, perhaps, quite invisible, with the highest powers of the

microscope, and to be able to pass through filters which bacteria

cannot pass. When seen, they present themselves simply as

tiny specks of chromatin, in which no structure can be made
out, and their mode of division indicates a structure simpler

than that of bacteria, in that at least a membrane enclosing

the body appears to be lacking. In all cases known at present

they occur as parasites of cells in which they produce character-

istic secondary growths or extrusions from the nucleus ; although

first known as causing diseases of man and the higher animals,

they are now stated to occur also as parasites of Protozoa—for

example, of Amoeba and Paramecium—and quite recently the

opinion has been expressed that the elusive, and perhaps alto-

gether mythical, cancer-parasite is to be referred to the Chlamy-

dozoa.* To these various characteristics it should be added that

* Awerinzew, S., " Zur Frage iiber die Krebsgeschwiilste," Centralbl.

Baht. Paradtenhimde (Abt. J.), Ivi. pp. 500-508, 3 text-figs.
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Chlamydozoa are difficult, if not impossible, to cultivate on the

ordinary bacterial culture-media.

Returning now after this digression to the general problem, it

may be said that the more minute a living body, the more it

appears to be stripped, as it were, of all cytoplasmic elements

and to be reduced finally to chromatin alone. It is, of course,

impossible to analyse accurately the structure of the minutest

organisms, and statements with regard to them must be made

with the utmost caution in the present state of knowledge ; but

it can at least be asserted that while many organisms are known
which consist mainly, if not entirely, of chromatin, there are

none known which consist solely of cytoplasm, and in which the

chromatin is entirely absent.

The conclusion which I, personally, draw from the facts which

have been summarised briefly with regard to the living substance

is that the primary living substance, the primum vivetis, is

chromatin ; and from that I draw the further conclusion that

the simplest and earliest forms of life were minute particles of

chromatin, without other structural accessories, but nevertheless

capable of the essential and chai-acteristic activities of living

things—that is to say, of assimilation, growth and reproduction

by fission. The first steps in the evolution of more complicated

forms of hfe were that these simple chromatin-particles formed

other structures around themselves, at first probably in the form

of simple protective envelopes, within which the cytoplasmic

matrix was gradually developed, until the body was large enough

to contain more than one chromatin-grain. This stage of struc-

tural complication is practically that seen in bacteria, speaking

generally. With further increase of the cytoplasm, proceeding

pai-allel with the concentration of the chromatin into a definite

nucleus, the cellular type of organisation is produced, the start-

ing-point for the evolution not only of the vast array of unicellular

organisms, but also of all the ordinary animals and plants.

Now I would not have any of you go away with the impression

that my views with regard to the chromatin-particles represent

orthodox scientific doctrine. On the contrary, I believe that

most biologists at the present day would reject my theory most

emphatically and would consider me a heretic of the deepest dye

for putting forward such suggestions. In conversation, at least,

I have never found anyone in the slightest degree inclined to fall
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in with my views. One objection, which has been put before me
by my friend Dr. Chalmers Mitchell, is that in the evolution of

the lixdng substance the chemically-simpler may reasonably be

supposed to have preceded the chemically-complex, and that if

chromatin is more complex than cytoplasm in its chemical con-

stitution, it is probable that cytoplasm was an earlier stage of

evolution. Now, admitting, for the sake of argument, that the

primary living substance has been evolved from chemically-

simpler substances through a series of compounds in an ascending

scale of chemical complexity, the question at once arises, at what

point in the series was a substance produced which could be

termed living ? At the bottom of the scale are substances which

no one could consider living, such as water, carbon dioxide and

inorganic mineral salts ; at the top are the complex proteins of

the living substance. Are the properties of li\'ing matter the

result of a continuous physico-chemical evolution from the pro-

perties of simple inorganic compounds ? Or is life, as we know

it, inseparable from a certain degree of chemical complexity, and

if so at what point in the series did it come in ? These are

questions which no one can answer conclusively ; all that we can

say is that we know of no life that is not associated with chemical

substances of the utmost complexity. And we may add further

that it is by no means certain that life has been produced by a

process of chemical evolution from inorganic to organic ; a matter

upon which I shall have more to say presently.

The current and orthodox biological view with regard to the

primary form of the living substance and of living beings

generally is what I may term the cytoplasmic theory, to dis-

tinguish it from mine, which I will call the chromatinic theory.

According to this view, the cytoplasm is regarded as the primary

living substance par excellence, of which chromatin is merely a

product. The earliest living things were supposed to be formless

masses of cytoplasm without a nucleus, Haeckel's Monera. Many
naturalists seem to have regarded these hypothetical primitive

organisms as by no means minute, not even what we should

consider small. Most of us remember, I think, the unfortunate

Bathyhius, which was supposed to consist of primordial proto-

plasm carpeting square miles of the ocean bed, but which turned

out to be a precipitate of calcium sulphate produced by adding

alcohol to sea water. Quite apart from a trivial error of this
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kind, however, we may safely assert, I think, that the Monera,

in the true sense of the word, do not exist. There are certainly

organisms in which the chromatin-substance is not organised into

a definite nucleus, meaning thereby a body of a certain degree of

complexity of structure and co-ordination of parts ; but we know
of no organisms in which the chromatin-substance is absent alto-

gether. The impression which I derive, rightly or wi-ongly, from

the study of organisms of a simple type of body-structure is that

those with abundant cytoplasm, such as amoebae, are far from

representing the most primitive type of living beings, speaking

generally. Comparison of diflerent forms of life, so far as I am
acquainted with them, seems to me to indicate as the most primi-

tive type not a relatively large cytoplasmic organism, but an
extremely minute body, a tiny speck of chromatin.

Having now enunciated my views, or perhaps I should say

confessed my heresies, with regard to the primary form of life,

I will now pi'oceed to discuss its possible origin. I need hardly

point out that this is a matter in which it is absolutely impossible

to arrive at any certain conclusion. Our data are far too limited

in every direction. All that is possible is to indicate the limita-

tions of the problem, to put forward and discuss possible solutions

of it, and to consider which of the solutions has, in the present

state of our knowledge, the greatest degree of probability. Do
not let us forget that a future generation, with increased know-

ledge and a wider outlook, will probably make merry over our

efforts to solve an insoluble problem, just as we are apt to do

over the speculations of our forefathers.

At the beginning of this discussion I may lay down two

propositions which may serve to confine our speculations and

theories within definite limits.

Proposition I.—Life does not originate on our globe at the

present time.

This is the well-known problem of spontaneous generation, of

biogenesis and abiogenesis. It is a negative proposition, and

therefore one which can only be rendered highly probable but

can never be proved, speaking from a strictly logical point of

view, since a single instance of life originating de novo and not

from pre-existing life would at once upset the generalisation.

The evidence for the truth of the proposition may be summarised

briefly as follows : On the one hand, it has often been asserted
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that life can originate de novo, but in every case the assertion,

when critically examined, has proved to be baseless. On the

other hand, the experience of many hundreds, even thousands,

of investigators, working daily in bacteriological and other labora-

tories, affords a vast amount of accumulated support for the

following statement : When a suitable culture-medium, natural

or artificial, which has been previously sterilised, is planted,

under proper precautions, with a particular species of organism,

that species, and no other, develops in the culture. There is, in

fact, such an enormous mass of evidence favouring the belief that

an individual organism of any kind whatsoever is the offspring

of a parent or parents similar in kind to itself, that the burden

of proof rests on those who put forward statements to the contrary.

Until, therefore, it has been clearly proved in a single instance

that new life can come into being without having arisen from

pre-existing life, we are fully justified in assuming that it

cannot do so.

Proj)osition II.—There must have been a period when life did

not exist on this earth.

This proposition follows inevitably from a consideration, first,

of what is known positively with regard to living bodies ; secondly,

of the deductions of astronomers and others with regard to the

past history of our planet. In the first place, all living things

—

at least, all those known to us—are extremely sensitive in regard

to even moderately high temperatures. Some bacterial spores can

survive being boiled in water for a short time, or require a tempera-

ture slightly above the boiling-point of water to kill them ; but

most living beings succumb at a temperature much Jower than this,

and there is certainly no form of life known to us which would

not be destroyed instantly at a low red heat. Yet astronomers

assure us that there was a time when our terrestrial globe was

incandescent, and it seems as certain as anything can be that no

life could have existed on the earth at that epoch.

Taking these two propositions together, that life does not now
originate de novo, and that there was an epoch in which it could

not have existed on the earth, it follows that there must have

been some period of past time in which the teeming life of our

planet first made its appearance—probably in some simple and

primitive form that has given rise by a process of gradual evolu-

tion and differentiation to the immense variety of form and
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diversity of character which we see in living things at the present

time, and which we know also, from the evidence of palaeontology,

to have existed through many past ages of the world's history.

To put it in one sentence, life on our earth must have had a

beginning. If that be admitted, there are then two possibilities

—

the first that the life known to us originated on the earth itself,

the second that it was introduced in some way to our planet

from without.

It has been, I think I may say, the view held by the majority

of naturalists that terrestrial life originated on the earth itself

at an epoch when the earth was cooled down sufficiently to admit

the possibility of living things existing on it. ThLs view has been

put forward by Sir Ray Lankester. I cannot do better than

quote his exact words, as follows

:

"A very interesting and difficult subject of speculation ... is

the nature of the first protoplasm which was evolved from not-

living matter on the earth's surface. ... A conceivable state of

things is that a vast amount of albuminoids and other such com-

pounds had been brought into existence by those processes which

culminated in the development of the first protoplasm, and it

seems therefore likely enough that the first protoplasm fed upon

these antecedent steps in its own evolution just as animals feed

on organic compounds at the present day, more especially as the

large creeping plasmodia of some Mycetozoa feed on vegetable

refuse. . . . At subsequent stages in the history of this archaic

matter chlorophyll was evolved and the power of taking carbon

from carbonic acid. The ' green ' plants were rendered possible

by the evolution of chlorophyll, but through what ancestral forms

they took origin . . . it is difficult even to guess " {^Encyclopaedia

Britannica, 9th edition, art. " Protozoa ").

If we try to realise in imagination the speculations conveyed

in this passage, we may suppose that there was a period when

the earth, though far hotter than at present, had cooled down to

a certain temperature, sufficiently low for the formation of a firm

though thin crust, and to permit of precipitation of water-vapour

upon it. The thin crust of the earth was probably continually

shrinking, cracking, upheaving, and allowing molten ma.sses to

escape from its interior on to the surface ; such upheavals, in

fact, as we see at the present time on a vastly smaller scale in

volcanic eruptions. These cataclysms would cause rapid and
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explosive evaporations of enormous quantities of water, which

would condense again when and where conditions permitted of

its doing so. It is conceivable that the sudden and extremely

violent changes of temperature, and the accompanying electrical

disturbances, which must have been on a scale exceeding any-

thing with which we are acquainted, would favour chemical

decompositions and recombinations to an extent of which we can

form no conception in the comparatively peaceful times in which

we live ; and that in the vast laboratory of Nature there miglit

have been a sjiithesis and formation of chemical compoimds,

organic as well as inorganic, such as takes place nowhere in

Nature at the present time, such as our chemists have not yet

learnt to imitate, or perhaps have not the means of imitating.

It is then further conceivable that this period of chaos, of storm

and stress on a gigantic scale, might have been the womb of life

;

that is to say, that by a process of chemical synthesis in Nature,

organic compounds might have been formed of ever-increasing

complexity, until finally a pitch was reached when a form of

matter was evolved possessing those properties and activities

which we term vital. Thus might have come into existence the

first protoplasm, surrounded by the material for its peculiar

property of assimilation, in the shape of various organic com-

pounds of slightly less complexity than itself.

Let us now examine this theory and its consequences a little

more closely. In the first place, I need hardly say that we have

no means of forming an exact notion of the condition of the earth

at that period, nor whether the state of things that I have

attempted to reconstruct in imagination would permit of such

chemical synthesis as the theory requires. This is a point upon

which chemists must pronounce ; the natui-alist as such cannot

attempt to do so.

Turning next to the consequences of the theory, it is to be

remarked in the first place that it assumes a chemical evolution

of living matter from simple to complex. Consequently the

more complex components of a living body, such as the chro-

matin, would be a later product of evolution than the simpler

cytoplasmic elements. The Lankesterian theory of the origin of

life would, therefore, favour what I have just termed the

cytoplasmic theory of living matter rather than the chromatinic

theory. The primitive living matter would be the cytoplasm;
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the chromatin would represent one of the many elaborations of

the living protoplasm to subserve certain functions. But the

theory leads also to a conclusion of the most fundamental

philosophical importance. If living matter, with all its remark-

able properties and attributes, has arisen by a process of chemical

evolution from simple inorganic compounds, then it follows that

the properties of living matter differ only in degree, and not in

kind, from those of not-living matter. In other words, such an

origin of life would undermine and explode the whole basis of the

vitalistic conception of life ; that is to say, the view that the

properties of living things are of a fundamentally different order

from those of lifeless things, and that the living is not to be

explained or interpreted finally by the physico-chemical properties

of the not-living.

Returning now to our primitive protoplasm, surrounded by

abundant organic matter for food, let us try to imagine its

further history. Our knowledge of living things at the present

time would lead us to suppose that the primitive organism would

feed and assimilate very actively, growing rapidly in consequence,

and then dividing up into smaller masses again ; and further, that

it would soon tend to become differentiated into various forms

under the influence of different environments in different places.

The conditions under which it came into being might continue

for many ages, generating fresh supplies of food in the shape of

organic compounds synthesised in Nature, but in all probability

the supply would fall off gradually, since at the present day

organic matter does not appear to be synthesised in Nature apart

from living things, at least not to any very great extent ; such

organic matter as is found free in Nature at the present time is

probably derived chiefly, if not entirely, from the death and decay

of living organisms, or from their excretions. Consequently, our

primitive protoplasmic organisms would have to find some new
means of getting their livelihood. Some doubtless developed at

an early period the animal method of preying upon one anothei'.

Fortunately, however, for the continuance of life on the globe,

others developed special means and mechanisms for building up

their substance by assimilating simple inorganic compounds.

There were doubtless many methods of such assimilation, since

among bacteria at the present time we find the utmost diversity

in the methods of utilising simpler compounds for their growth.
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One method, however, judging by its results, seems to have been

much more successful, to have paid better, so to speak, than any

other—the method, namely, whereby the living substance pro-

duced a pigment or class of pigments, sometimes yellow, red, or

brown, but most usually green, termed chlorophyll, by means of

which it is able to utilise the sun's energy in order to decompose

carbon dioxide, and to build up the carbon, together with

elements derived from water and inorganic salts in solution, to

form the living substance. The organisms which invented, so to

speak, this mode of life, flourished exceedingly, and gave rise in

process of time and evolution to the entire vegetable kingdom,

thereby permitting the evolution of the animal kingdom,

depending directly or indirectly for its sustenance upon plants.

If any organisms exist at the present day which represent the

original type of living being in its primitive form, unchanged

through the ages, it is scarcely possible that they could still exist

free in Nature, since they would require an abundant supply of

organic nutriment, more abundant, probably, than would be

found occurring in Nature. It is probable, therefore, that such

organisms would have to be sought among parasitic or sapro-

phytic organisms; that is to say, obtaining their supply of organic

matter either from a hving body or from one that has lost its life

recently.

In contrast with the view that life originated on the earth

itself, the suggestion has often been made that the first living

things, or the germs of life in some form, were brought by some

means to our earth from without. I will not attempt to review

or discuss the many theories of this kind that have been pro-

pounded ; I will confine myself to giving an account of the latest

in the field—that, namely, of the famous chemist. Professor Svante

Arrhenius,* who has put forward a hypothesis based on grand

and wonderful conceptions. His theory starts with the notion

that the beginning of life is coeval with that of our universe

;

that is to say, that " life must always have been in existence,

however far back we may carry our thoughts," and that " life

itself is eternal, like matter and like energy," so far as our minds

can form a conception of eternity. With regard to this assump-

tion, however, it must be pointed out that matter and energy

Woi-lds in the Making and The Life of the Universe. (Harper &
Brothers, London and New York.)
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are indestructible, and only their form can be changed; while

life as we all know, can be completely destroyed, without passing

into any other condition from which it can be resuscitated m its

ordinary form.
i u „

Arrhenius believes that the life which populates our globe came

to it from other inhabited worlds, the means of transport being the

so-called radiation-pressure. It has been established by physicists

that 'minute particles of matter below a certain size can be

propelled through infinite space by the pressure of rays of light,

heat, and all kinds of radiations, and could travel m this way

from planet to planet or from star to star. I^ this way living

organisms of a certain degree of minuteness could be disseminated

all over the universe and could settle wherever the conditions

were favourable. Intensely heated, incandescent bodies giving

out powerful radiations, such as the sun for example, would

repel them long before they came near enough to be dam^g^d,

but on relatively cold planets or heavenly bodies on which the

conditions are such that life is able to exist, they could be the

starting-point of an evolution of life such as that which has

taken place on our globe, an evolution similar as regards its

starting-point but not necessarily so as regards its products

This is the so-called doctrine of panspermia, according to which

life exists throughout the whole universe in the form of minute

germs, capable of further development wherever circumstances

^^The" germs themselves, when floating freely in the inter-

planetary space, would be subjected to a temperature of about

_220°O a temperature at which all chemical reactions are

arrested; 'they would therefore be in a dormant state, m which

all vitality was suspended. They could not therefore undergo

any process of multiplication in the interstellar space, and if

their numbers were not recruited in some way, the s ock of

germs floating freely in space would diminish continually and

would be absorbed and locked up in those heavenly bodies on

which the particles could settle. It is therefore necessary to

suppose that the germs can be wafted away from worlds on

which they have settled and that other worlds besides ours are

inhabited by living things. So far as our solar system is con-

cerned, Arrhenius believes that Venus and Mars probably

harbour life, but that Jupiter, Saturn, Uranus, and Neptune
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are not sufficiently cooled to permit of the existence on them of

living beings.

How would such a germ be enabled to leave our earth and

embark on a voyage in space ? Arrhenius supposes that a living

particle sufficiently minute might get carried by winds and

atmospheric disturbances np into the higher layers of our

atmosphere until the radiation-pressure of the sun's rays would

be sufficient to counterbalance the attraction of gravity, and

that then it would be wafted out into space. An organism

detached from our earth by the radiation-pressure of the sun

would, according to Arrhenius, cross the orbit of Mars after

20 days, of Jupiter after 80 days, of Neptune after 14 months,

and the nearest solar system. Alpha Centauri, could be reached

in about 9,000 years. In order to undergo the strongest

influence of solar radiation, an organism must have a diameter

of 0"16 jx—that is to say, -^s-^^-^ of an inch.

Such, in its main features, is the doctrine of panspermia

advocated by Arrhenius. We may now examine it a little

closer with regard to both its details and its consequences. I am
not competent to criticise it from the point of view of its

physical aspects—that is to say, with regard to the theory of

transportation of particles by radiation-pressure ; that must be

left to the physicists and astronomers, by whom, I believe, it is

accepted. I can only deal with it as a naturaUst. Our first

inquiry is naturally concerning the living germs themselves.

As no one has as yet seen a germ of life at its first arrival on

our earth, we can only consider what type of organism amongst

those known to us would be capable of quitting the confines of

our atmosphere and embarking on a voyage in space. It is clear,

I think, that no Protozoan cyst, no ordinary seed or spore of any

plant, could be carried off our earth by radiation-pressure,

because such organisms would be many times too big to satisfy

the physical requirements of the theory. Still more is this true

of the ordinary visible forms of animal life ; the familiar

expression " raining cats and dogs " cannot be taken literally,

and the Arrhenian theory offers no prospect that any of us will

ever be able to pay a visit to Mars or any other distant world.

Even most bacteria would be far too large to be carried off the

earth, though possibly some of the minuter forms of micrococci,

in the state of spores, might undertake the journey. But I am
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inclined to think that the only known forms of life which would

be capable of such migration are some of the various kinds of

"filter-passers," with regard to which our knowledge is slowly

increasing, though still very incomplete—namely, those minute

forms of life, some of them apparently beyond the range of vision

of our highest powers of the microscope, which pass through the

bacterial filters. I have dealt with examples of such forms in

the case of the so-called Chlamydozoa.

The question arises at this point, what is the size approximately

of the smallest bodies that can be seen with our microscopes ?

I hesitate, before an audience of experts, to pronounce a decided

opinion on this point, but I believe that with the best powers of

the microscope at present available a body measuring O'lfx. (--5 (To o^
of an inch) would be just visible, if it were differentiated optically

in some way, by staining or refringence, from its surroundings.

This is considerably less than the limit of size required by the

Arrhenian theory, and an invisible, filter-passing organism

would certainly be small enough to be transported by radiation

pressure.

So far, then, the Arrhenian theory supports the view that I

have put forward above —namely, that the most primitive form of

life was a minute speck of substance of the nature of chromatin,

since any cytoplasmic organisms known to us, of the type of an

amoeba, for example, would be much too large to be propelled by

radiation-pressure in space.

In contrast also with the Lankesterian theory, the Arrhenian

theory rests on a pui-ely vitalistic basis—namely, on the assump-

tion that living things are fundamentally different in their

nature and properties from those that are not living. No
generation of the living from the lifeless took place, according to

Arrhenius, at any pei-iod to which we can throw our thoughts

back ; if it took place at all, it must have been at a period

during or before the beginning of the material universe as we

know it. Life carries on its characteristic activities subject to,

and restrained by, the physico-chemical laws of matter, but does

not owe its origin to those law^s, and is not perhaps, in other

worlds, bound up with the same forms of matter with which it is

connected in ours. The minute chromatin-particle or germ of

life might conceivably, on another planet, set in motion vortices

of metabolic change quite different from that type with which
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we are acquainted here. On the other band, it follow.3 from the

theory of panspermia that all forms of life throughout the

universe are related, and it is the opinion of Arrhenius that

the activities of life are connected inseparably with the protein-

compounds.

Let us now try to imagine what was the fate of the earliest

germs of life that, on the theory of panspermia, colonised our

globe when it was first in a condition to support life. In the

first place it may be noted that the filter-passers of our day show

by their activities distinct specific differences amongst themselves.

It is therefore possible that more than one variety of living

particle came to our planet, and that there may have been some

selection amongst those that came.

The first need of the tiny germ, when the warmth of our earth

awoke its long-dormant activities, would be food. It is possible

that some of these heavenly visitors may have acquired already,

in another v/orld, the power of constructing organic matter from

inorganic ; but it is more probable that a supply of organic matter

was a necessity for them, since all the filter-passers and Chlamy-

dozoa known to us at present are parasites. We may suppose,

therefore, with Sir Ray Lankester, that a certain epoch of the

earth's history was favourable to the synthesis of organic matter

of at least a certain degree of complexity ; and that thus a supply

of food was provided upon which the Ai-rhenian germs were able

to make a start. In any case they must have multiplied rapidly,

adapted themselves to various modes of life, and given rise by

natural evolution to the various forms of Mfe on our globe through

an immense period of time. Arrhenius considers that the interval

of time between the first appearance of life on the globe and the

Cambrian epoch was at least as great as that from the Cambrian

epoch to the present day.

In the preceding paragraphs I have tried to set forth critically

the two opposed theories of the origin of life, one or the other of

which must be true so far as its main thesis is concerned ; that

is to say, life must either have originated on the earth or have

come to it from without. He who would attempt, however, to

judge and decide between these two possibilities would be indeed

a bold and a rash man. Scientific knowledge of living things is

at present much too incomplete in at least two directions to

render any such judgment even approximately just. We require
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a much more exact knowledge of the physical acd chemical nature

of the living substance and its activities ; and we are as yet very

ignorant with regard to the simplest forms of life, their occurrence,

species, activities and structure. I will only attempt, therefore,

to consider some of the consequences of each theory.

On the Lankesterian theory, we can understand why life does

not now originate on the eartli under ordinary circumstances,

natural or artificial ; and it follows from the theory that all life

known to us has a common oi'igin from a form or forms called

into existence at a particular epoch under special circumstances.

But if life has been generated from lifeless matter at any time, it

should be possible, in the abstract at least, to imitate and repeat

the circumstances under which it arose, were they known to us,

and thus generate life again.

On the Arrhenian theory, life may have started its develop-

ment and evolution many times on the earth, and fresh germs

may be falling on the earth now. The statements of some of

those who have positively affirmed the occurrence of spontaneous

generation might be explained, conceivably, by supposing an

Arrhenian germ to have fallen into their cultures, though for my
part I am much more inclined to attribute their results to untidy

and inexact technique.

In short, if life was generated on the earth, it should be possible

to generate it again ; and if new germs of life are coming to the

earth continually, it should be possible at some time to intercept

them and examine them ; but whether either of these possi-

bilities is capable of ever being realised is more than any man

can say.

The two theories bring ixs down, as I have pointed out, to the

bed-rock of philosophical speculation, to the two opposed stand-

points of vitalism and mechanism, the difference betv^^een which

may be illustrated by a fictitious example. Suppose it were

possible to imitate artificially the structure and fabric of a living

organism, say of some plant, to such a degree of exactitude that

the mimic resembled the model not only in the minutest details

of structural arrangement of all its parts, but also in the chemical

composition, molecule for molecule, in each corresponding part.

Would then the mimic have the same properties as the model

—

that is to say, would our artificial plant be living I Without

hesitation the mechanist answers Yes, the vitalist No. To the
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mechanist, life is the sum of the chomico-physieal properties of
the various forms of matter composing the livdng body ; to the
vitalist, life is something more than that, something which utilises

ehemico-physical properties as a workman uses his tools, but
which is distinct from them.

Since it is impossible to put the matter to a crucial test, each
of the two opposed views remains a pious belief merely. For my
part I believe that the view which a man holds with regard to
the nature of life depends on the inner constitution and fabric, so
to speak, of his mind, and not on the reasoning process. A man
is born a vitaUst or a mechanist before ever he has thought about
such matters, and to argue on the subject is futile. At a time
when I was younger than I am now, I have myself debated and
discussed such matters hotly

; like old Khayydm—

Myself when young did eagerly frequent
Doctor and Saint, and heard great Argument
About it and about : but evermore

Came out by the same Door as in 1 went.

It is my present belief that all that is gained by such discus-

sions is to enable a man to ascertain what is the type of mental
bias with which he has come into being. The questions which
lie at the base of the difference of opinion are at present not capable
of being put to the test ; and so far as one can see, they seem
likely to remain for ever the most inscrutable of problems.

Jov.ro. qni:k(Jt Mk.-nKOpiral Oub, Scr. 2, Vol. XI., A'o. 70, Ap.-U HHJ.
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(Preliminary Note.)

In studying the early phases of the developmental cycle

through which the rat-trypanosome passes in the rat-flea,

we have found that the trypanosome penetrates into the
cells of the epithelium lining the stomach (mid-gut) of the
flea, and there goes through a process of multiplication.

Since no such phase has been observed hitherto, so far as

we are aware, in the development of any trypanosome in

its invertebrate host, and since, moreover, this discovery
may throw some light on certain peculiar features of the
development of the pathogenic trypauosomes, we consider
ourselves justified in bringing forward a brief account of

our observations, so far as they have gone, without further

delay, hoping to give later a full and detailed account, with
figures, of this and other phases of the development.
The intracellular phase of the trypanosome has been

seen by us in fleas taken from the breeding-cage, not pre-

viously exposed to infection, and fed on infected rats

during a Icnown period of time, as early as twelve and as
late as thirty-six hours after feeding ; but our observations
are not yet sufliciently extensive to enable us to place
precise limits of time to the duration of this phase. We
can only say at present that we find it most abundant
about twenty-four hours after the flea has taken up the
trypanosomes from the rat, and that it occurs iu all parts
of the epithelium of the stomach, from close behind the
proventriculus to the pyloric region ; that is to say, over
the whole extent of the true mesenteron or mid-gut, lined

by the embryonic endoderm or hypoblast. In this region

[427/11]



of the digestive tract the epithehiini, as is well known, does
not secrete a chitinons cuticular lining to the gut, as in the
regions before and behind (stomodaeum and proctodaeum).
The actual penetration of the epithelial cell by the

trypanosome has not been observed by us up to the present,

but trypanosomes of quite ordinary appearance, which
have, apparently, effected an entrance very recently, have
been seen frequentlj^ within the cells. The earliest change
which such a trj^panosome undergoes is that the bodj'

assumes a bulbous form which maj^ be comiDared to that of

a pear with a stalk, or of a tadpole with a long tail. The
pear-shaped body is easilj- seen to be produced by the
doubling on itself of the posterior two-thirds or three-

fourths, approximatelj'. of the bodj' of the trypanosome,
while the anterior portion of the bod}', with the flagellum
and undulating membrane, forms the stalk or tail. In
stained preparations it is seen that the folding-up of the
body brings the kinetonucleus in front of the tropho-
nucleus ; the result is a flagellate of pseudo-crithidial
form, easily distinguished from the true crithidial foi-ms

both by the fold of the cuticle running down the middle of

the body, and by the fact that the flagellum does not pass
straight to the kinetonucleus along the undulating mem-
brane, but cui'ves round the rounded posterior end of the
body to run forward (apparently) to the kinetonucleus.
Seen in the living state, these pear-shaped forms ap-
pear slightlj^ flattened, as is to be expected from
their mode of formation ; they are in incessant move-
ment within the cell, exposing now their flat surface,

now their edge, to the view of the observer; and the
flagellum and luadulating membrane can be made out
plainly, as a rule, giving an appearance as if the stalk of

the pear tapered to a fine point, but in a few cases the stalk
appears of even thickness, and evidently consists of the
flagellum alone in the early stages. The body itself is far
from being fixed and rigid in its contours ; on the contrary,
it shows continual changes of form of the kind that are
termed, in the Flagellata generally, ' metabolic," as dis-

tinguished from true amoeboid movements, form -changes
due to the incessant, restless movements of a contractile,

protoplasmic body, within a thin, j-ielding envelope or
cuticle. In pi-eparing the stomach wall for microscopic
examination it frequently happens that epithelial cells are
ruptui-ed or burst by the pressure of the cover-glass,
setting free the trypanosomes, of which there may be
several, four or five, within one cell. Then these pear-
shaped forms, if watched carefully, can be seen to imcurl
themselves and assume the form of free trypanosomes

;

sometimes they curl up again and uncurl several times,
swimming actively the while.
Within the cell the jiear-shaped forms described in the

last paragrajsh are seen to grow in size, becoming at the
sanae time more uneven and irregular in their contours, so
that the form of the body can only be described as block-
like ; the outline, so far as it is possible to describe con-
tours which are changing incessantly, is rounded or



squarish ; the " tail " is distinct, tapering from a relatively

broad base to a fine point, and always in motion ; the
metabolic form-changes proceed without interruption, so

that the contours of the body undulate and change every
moment, and the body as a whole assumes various shapes,
often returning to the pear-like form for a brief space of

time. The block-like forms grow until they reach a size

relatively very large. In some cases they appear to be lodged
in a more fluid, but not sharply delimited, portion of the
cytoplasm of the host-cell ; in other cases they appear to

be within a vacuole limited by a distinct wall or mem-
brane, and in many cases the vacuole is set free by rupture
of the cell in making the pi'eparation. Free vacuoles of

this kind exhibit a degree of stability and persistence
which indicate that the host-cell may secrete an envelope
or caiJsule of some kind round the intruding parasites, of

which there may be one, or several in various stages of

development, in each such vacuole. When the block-like

forms become of large size, the movements of the flagellum
cause them to revolve and rotate within the cell in an
irregular, jerky manner. It can be seen clearly that
forms moving in this manner push and bump against
the cell nucleus and against other forms present in the
cell and cause them to move also, showing that they
come into actual contact with them.
When the block-like forms have reached the limit of

their growth, changes take place in them which cannot be
followed in full detail in the living condition, but which
can be seen to consist in a division of the large block- like

body into a number of daughter trypanosomes by a process
of multiple fission which goes on within the periplast of

the parent form. By the time that the block-like form
has attained its full size its nuclei are seen to have
divided into a number of daughter-nuclei ; and while still

agitating its flagellum and changing its contour, the body
is seen to exhibit a striated appearance in its interior.

Very soon after this a marked change takes place ; the
body becomes spherical, and ceases to show metabolic
form-changes; the tail disappears altogether, and the
sphere as a whole becomes almost motionless, except for

slight oscillating or trembling movements due to the
increased agitation of its contents. When carefully

examined, it is now seen that the spherical body contains
in its interior a number of distinct trypanosomes, squirm-
ing and wriggling over each other in the confined space
like a bunch of eels in a sack ; to their movements are due
the oscillatory movements of the sphere, which since the
disappearance of the tail can perform no movements of

itself. The enveloping membrane of the sphere is seen to

become more and more tense, the movements of the con-

tained trypanosomes ever more active and vigorous, and
everything betokens the approach of the ci'isis, which
comes finally with startling suddenness; the sphere
bursts in an explosive manner and liberates a mass of

perfectly-formed trypanosomes. The explosion can be
seen best in spheres which have been set free accidentally



from the host-cell iu the process of manipulation ; then
the sphere is seen to burst suddenly, and the trypanosomes
scatter in all directions. Under normal conditions, how-
ever, the spheres burst within the cytoplasm of the host-

cell, and the liberated trypanosomes are seen moving
actively about for some time within the cell, from which
they escape one by one. In one case the formation of three

spheres within the same cell was observed ; each sphere
grew to its full size, burst, and liberated its bunch of trj^^auo-

somes within the host-cell, first one sphere and then another.

It is difficult to estimate exactly the dura-tion of the
block-like and spherical stages, because when the jDarasites

are under observation between slide and cover-glass their

vitality is soon impaired, and they gradually become mori-

bund. From some of our observations we received the

impression that the intense illumination of the field of the

microscope is injurious to them. Some parasites under
observation were seen to become moribund, and at last

perfectly quiescent, but on moving the slide others were
found in other fields quite active ; and, when these died off

in their turn, active forms were found in a third field on
the same slide. From a number of cases that we have
observed, and especially from those which have been
watched when quite freshlj^ put up, it is clear that the

final spherical stage may last iu some cases from about a

quarter to half an hour, but in other cases for a much
shorter time, not more than a few minutes. The following

series of observations, jotted down by one of us at the

dictation of the other, who w^as watching through the

microscope, may serve as an example of the changes
observed and the times they take to fulfil themselves

:

12.13. Au active sphere was seen within a cell, evidently full-

sized, but still metabolic ; it revolved with jerky,

irregular movements by means of the flagellum, which
was clearly seen ; its contents appeared to be divided up
or in process of division.

12.26. Condition much as before, but the contents appeared to

be more distinctly divided up, and the daughter-indi-
viduals to be performing independent and separate
movements, squirming over one another like eels

;

movements of rotation and metabolic form-changes still

continuing ; flagellum still visible.

12.32 Flagellum still visible.

12.36. Revolving movements and metabolic form - changes
much slower ; flagellum not seen.

12.37. Form more perfectly spherical, alterations in contoiu*

less marked, due apparently entirely to the very active
movements of the contained trypanosomes, which could
be seen very clearly ; no rotating movements ; flagellum
looked for carefully, could not be seen.

12.40. Contoiu- of sphere tense, almost rigid.

12.41~i. Burst!

The trypanosomes set free by the bursting of the spheres

are normal forms, complete in all respects, and of a size

equal to, or sUghtly exceeding, that of the ordinary

Trijpanosoma lewisi of the rat's blood; the undulating
membrane extends down the body to the neighbourhood of

the kinetonucleus, which is situated near the posterior



end ; briefly expressed, these forms are perfectly trypani-

form, and not the least crithidial, as regards their internal

structure. Their shape and movements differ slightly,

however, from those of the ordinary blood-trypanosomes
;

the body is stiffer, less sinuous in its movements, slightly

swollen towards the posterior end, which is sharply pointed

;

the anterior end of the body tapers very gradually, and the
flagellum is long. When moving freely in the fluid medium
they travel fast with the flagellum directed forwards ; but
they may be seen frequently with the hinder end of the
body in contact with the epithelium, the flagellum undu-
lating rapidly, and giving the impression that they are

butting against the cells with their hinder ends, which may
possibly be the manner in which they penetrate and enter
the cells. As I'egards the number of trypanosomes
liberated from a sphere, it is diflicult to be certain ; in the
living state we have frequently tried to count them, and
came to the conclusion that the number was about eight

;

but in our stained preparations we have found in one case
a sphere containing thirteen couples of nuclei, each couple
consisting of a trophonucleus and a kinetonucleus ; and
in another case there were eighteen trypanosomes in a
bunch, which appeared to represent a sphere recently

burst. The number produced would appear, therefoi-e, to

be irregular and indefinite, and this is borne out by
observations on the living objects, since we have seen a
very small sphere burst in one case, and in another we saw
a sphere of very large size, far beyond the usual dimensions.
We have the impression, however, that the normal or

average size of the sphere is one that would liberate eight

trypanosomes, and that this may be taken as the normal
standard of capacity, so to speak, of the sphere, but that it

may sometimes be much less or much greater.

The above account of the intracellular multiplicative

phase is founded almost entirely on observations made by
us on living material ; it amounts, summarized briefly, to

the following : Trypanosomes penetrate into cells of the
epithelium of the stomach, where, retaining their flagellum

and undulating membrane, they double upon themselves
and grow to a large size, performing metabolic movements
and continually altering their form the while. They
gradually round themselves off until a spherical stage is

reached, when the flagellum and undulating membrane
disappear and the metabolic form-changes cease; mean-
while the contents of the body within the periplast have
divided completely into a number of daughter-trypano-
somes which writhe about and twist over each other within
the maternal periplast-envelope like a bunch of eels. The
envelope becomes more and more tense, and finally bursts
with explosive suddenness, setting free the daughter-
trypanosomes, which are perfectly formed and of full size,

and escape from the host-cell by their own activity.

This development is less easy to follow in full detail in

stained preparations, chiefly on account of the difficulties

of technique. It is not easy to get good preparations of

the intracellular phases while still within the cells, and
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even when tliey are set free the spheres are difficult to

stain properly ; either they appear in the preparations as

opaque masses, if the stain is insufficiently extracted, or

on the other hand too much stain may come out, and
details of structui-e are lost, especially as regards the

flagellum, which may become invisible in consequence. AVe

have, however, confirmed in our preparations all essential

points of the development described above, and we hope soon

to obtain a complete series of the stages of the development.

We defer also to a later communication a number of

questions which naturally arise with regard to this

developmental phase, the first of which is: How is this

intracellular multiplicative stage related to the develop-

mental cycle, as a vvhole, of the trypanosome in the flea ?

We are not prepared to discuss this point fully at the

present moment, but from all that we have seen we are

inclined to think that this phase marks the beginning of

the development—that it is, in short, the first act, so to

speak, of the cycle within the flea. The intracellular

phases are by no means to be found in every flea

examined twenty-four hours after it has fed on an infected

rat. In the majority of the fleas the trypanosomes have
disappeared altogether at this period, though in those in

which trypanosomes are present there are generally intra-

cellular stages to be found. This result corresponds with
our experimental results, which show that only a small

proportion of fleas fed continually on infected rats acquire

a peiTQanent infection with the trypanosomes wheieby
they become themselves infective to rats in their turn.

We are inclined to think that whether the trypanosomes
succeed in establishing themselves in the flea or not

depends upon whether they succeed in penetrating the

cells of the stomach wall and going through the intra-

cellular multiplicative phase here described. In the

majority of the fleas the trypanosomes taken in appear to

be digested together with the blood, and never to succeed

in establishing themselves in the flea or in going through
their developmental cycle ; only in a relatively small

number of cases do the trypanosomes resist the digestive

juices of the flea and succeed in holding their own.
Analogous conditions have been observed by Kleine, Bruce,

and others in the develoxmient of pathogenic trypanosomes
in tsetse fhes ; only in a relatively small proportion of the

flies fed on infected animals do the trypanosomes go
through their full developmental cycle.

It seems to us further possible that the facts observed

maj^ also throw some light on another peculiarity in the

development of pathogenic trypanosomes that has been

noted by all those who have studied them. It has been
observecl in the development of T. gamhicnse in Glossina

palpalis, for instance, that the trypanosomes disappear

from the digestive tract of the fly at a period some five to

seven days after they have been taken up ; in a few flies

they reappear again later in the digestive tract in enor-

mous numbers. This temporary disappearance of the

trypanosomes from the gut of the fly may perhaps find its



explanation in the trypanosomes undergoing some multi-
plicative stage, similar to that seen in the case of T. leioisi,

in the cells lining the digestive tract. We have w^ritten to

our colleague, Miss Muriel Robertson, who has recently

gone to Uganda for the purpose of studying the develop-
ment of the pathogenic trypanosomes, informing her of the
developmental phases that we have observed in the flea,

and suggesting that similar phases may perhaps occur in

the development of trypanosomes in tsetse flies.

A further question which arises, with regard to the
intracellular phase described above, is whether it occurs
as a single generation in the developmental cycle of the
trypanosome, or whether there may be several successive
generations of intracellular multiplication, before the
development takes its further course. This is a question
to which it is diflicult to give a definite answer, since it is

scarcely x:)ossible to keep the trypanosomes alive between
slide and cover-slip long enough to observe more than one
generation of the parasites. Not only the trypanosomes,
but the epithelial cells also, soon degenerate and become
moribund under such conditions. We are inclined to

believe, however, that trypanosomes which have been
liberated by the bursting of a sphere within a cell may,
after becoming free from the host-cell, penetrate into

other epithelial cells and repeat the process of multiple
fission by which they themselves came into being ; in other
words, that several generations of intracellular multiplica-

tion in the stomach succeed each other in the beginning
of the development of the trypanosome in the flea.

Intracellular stages of trypanosomes have been described
by many investigators in that part of the life-cycle which
takes place in the vertebrate host. Without multiplying
instances or referring to the many cases, some of them very
debatable, in which the occurrence of such stages has
been alleged, it will be suflicient here to refer to the
multiplication of T. {Schizotrypamim) crurd, the parasite

of human trypanosomiasis in Brazil. According to

Chagas,^ the parasite goes through a process of multiple
fission in the capillaries of the lung in the main as follows :

A full-grown trypanosome loses its flagellum and becomes
folded on itself, first into the form of a crescent, which by
fusion of its two horns becomes an oval mass ; it then
divides within its own periplast into eight small daughter-
individuals or " merozoites," which may be with or without
the rudiments of a locomotor apparatus; the merozoites
then escape from the enveloping maternal periplast, and
each one penetrates into a blood corpuscle, within which,
in the general circulation, it develops into a full-sized

trypanosome, which is finally set free from the corpuscle
and swims in the blood plasma. According to Hartmann,-
Scliizotriipanwm cruzi exliibits, in addition to the method
of multiplication described by Chagas, a second method
of multiplication, which takes place within greatly
hypertrophied endothelial cells of the lungs ; a final stage
is figured, showing the cell containing some two dozen
Leisliwania-like bodies, each an oval corpuscle with



tropliouucleus and kinetonucleus, but with no flagellum.

The occurrence of " schizogony " in a trypanosome is

regarded by Hartmann as a further proof of the supposed
affinity between trypanosoines and malarial parasites

—

a doctrine which is one of the foremost tenets of the neo-
Schaudinnian school.

Without entering further at present into these highly
controversial matters, we content ourselves by remarking,
first, that schizogony—that is to say, multiple fission not
following upon sexual processes—is a method of multipli-

cation that occurs throughout the protozoa, in every class,

if not in every order, and therefore cannot by itself

furnish any indication of genetic affinity ; secondly, that
the process of multiple fission within cells observed by us
follows entirely the type of such multiplication as seen in

trypanosomes ; it is, in fact, essentially similar to the
multiplication which T. Icivisi is known to go through in

the blood of the rat. In every case in which our observa-

tions permit us to make a positive statement, whether in

stained preparations or in living material, we are able to

assert that flagella are present during the whole process
of multiplication ; the large parent form retains its

flagellum up to the spherical stage, and the daughter-
individuals produced within the sphere are provided with
flagella at a very early stage in their formation. It is,

of course, possible that in some cases flagella may be
absent ; we have seen in the epithelial cells trypano-
somes in the form of motionless oval bodies in which
no flagella could be made out, and in one such
case a body which had been perfectly quiescent for

a long time was seen to wake up, as it were, and to

begin moving about in the ceil by means of a flagellum,

though it would be impossible to say whether in this case

the flagellum was a new formation, or had been present all

along and had escaped notice in the cell. While, however,
prepared to admit that the intracellular forms may in

some cases be in a non-flagellated, resting, Leislimania-

like stage, we venture to assert, from our observations as

a whole, that the multiplication of T. Icwisi in the stomach
of the flea is typically the multiplication of ' a flagellate

phase and perfectly different from the schizogony of a

malarial parasite, which it resembles only in the broad
features of multiple fission, as seen in protozoa generally.

In the fact that it takes place within the periplast of the

parent individual it resembles that described by Chagas
in Schizoiriipaninn, but differs mainly in the following

points: in <S't-/(i,iO^?7/7J((n»?» an adult trypanosome of ordi-

nary size, losing its flagellum, divides up to give rise to a

number of minute daughter-individuals, which grow up
into the adult form ; in Trijpononoma Icwisi an ordinary

individual first grows to a relatively huge size, retaining

its flagellum, and then divides into a number of full-sized

and perfectly-formed trypanosomes.

Keferences.
1 Memorias do Instituto Osiunldo Cruz, vol. i (1909), pp. 176-180.

^drchivfUr Protistenkunde, vol. xx (1910), pp. 361-363.
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Observations on the Trypanosome of the Little

Owl (Athene noctua), with Remarks on the
other Protozoan Blood-parasites occurring in

this Bird.i

By

E. A. ITIincliiii, I?I.A., F.R.S.,

and

H. M. Woodcock, D.Sc.

With Plates 20 and 21.

The observations to be recorded in this and in a subsequent

paper are the result of a study of the protozoan blood-para-

sites of the little owl, which was undertaken by us at Rovigno,

Istria, the actual place where Schaudinn's celebrated investi-

gation (16) on the same parasites was carried out. A
re-investigation of these parasites has long been considered

urgent, and stress has been laid by many people upon the

importance of the work being done at Rovigno itself. The

different views which have been taken with regard to the

correctness or otherwise of Schaudinn's account are now well

known, and it is scarcely necessary to recapitulate them here,

more especially since they have been recently discussed by

one of us in the first memoir of this series (18).

We were together at Rovigno for nearly three months,

from about the middle of January, 1909. Unfortunately, we

went much too early in the year. This was chiefly due to

the fact that one of us (E. A. M.) was obliged to be in

London from May onwards in order to deliver the University

course of lectures, which had been previously arranged for

1 " Studies on Avian HEemoprotozoa," No. II. For No. I see ' Quart.

Jouru. Micros. Sci.,' vol. 55, j). 641.
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that period. The other of us (H. M. W.) stayed on at

Rovisrno, coutinuinof the work alone, until the beg-innino' of

July, when, after a stay of six months, he was also obliged to

return on account of other work. There can be no doubt

that if our visit to Rovigno could have been arranged for the

six summer months, say from April to September, it would

have been much more successful than it was. Still, we are

able to bring forward certain definite observations, which

may continbute towai-ds the settlement of this difficult and

much-debated question.

We take this opportunity of expressing our very grateful

acknowledgments and thanks to the various people through

Avhose courtesy and kindness we were enabled to undertake

and prosecute this research; we were especially indebted to

the late Dr. Hermes, the Director of the Zoological Station at

Rovigno, for placing laboratory accommodation at our dis-

posal, and to Dr. Krumbach, in charge of the Station, for his

great assistance in endeavouring to obtain the owls.

The Birds and their Parasites.

At the outset we experienced a sad disillusionment in

connection with the supply of owls. Although little owls

were not scarce in the district, they were extremely difficult

to procure. In the course of a month, in spite of all our

efforts, we could only obtain five birds locally, which were

brought in mostly in a wounded or dying condition after

being shot. We tried several times to find haunts or nesting-

places of the owls, but without any success. These difficulties

in regard to the local birds did not affect us so much, however,

as we feared at first would be the case, because (somewhat to

our surprise), none of the above five birds showed signs of any

hsemoprotozoan infection at all after thorough examination.

After we had been at Rovigno a month we managed to obtain

some owls from Vienna Avhich were infected; and thence-

forward we relied altogether upon dealers in Vienna and also

in Breslau for our supply of birds. The only other local owl
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examined, in fact, was a young- fledgeling, bi-ought into tlie

laboi'atory about the middle of June. This little bird, which
went by the name of " Piepsch/' also had no parasites in its

blood; it, too, was most probably quite free, but it became
such a favourite that its sacrifice to science was not permitted.

From our experiences with Rovigno owls we consider it quite

likely that the birds in this neighbourhood were not infected

with the protozoan blood-parasites specific to them ; on the

other hand, we never had more than two consecutive birds

sent from Vienna or Breslau which were quite free from

parasites.'

A great difficulty with which we had to contend was that

the climate of Rovigno did not suit the inland owls, confined

as they were in cages. As regular!}' as the periods occurred

when the moisture-laden Sirocco prevailed, equally regularly

did one or more of our precious owls die suddenly ; and this

danger of losing all at once an important bird continued to

be a source of anxiety the whole time we were there. As a

matter of fact the investigation would probably have been

rendered much easier had we gone to Vienna to carry it out.

There could not have been the slightest objection to choosing

this district in preference to Rovigno, for in the course of our

stay we gathered from Griovanni, one of the sailors attached

to the laboratory, who was there in Schaudinn's time, that

most of the owls which Schaudinu himself used came from

Vienna.

Altogetlier we had eighteen owls sent from Vienna or

Bieslau, the birds being more readily obtained as the spring

advanced. The accompanying table has been drawn up to

show at a glance the iiumber of birds infected, and the

different parasites present in each case. (Tr>'p. = Trypano-

soma, Halt. = Halteridium, Lz. = Leucocytozoon, and Prot.

= Proteosoma.)

' Since our return home we have had a batch of four young owls sent

from Geneva, all of which have proved entirely negative. This may be

also an uninfected district.
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Owls.
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the death of this bird trypauosomes were readily found in its

bone-marrow. When owl 7 died a few weeks later its bone-

marrow was examined carefully, but no trypanosomes were

seen and other pai-asites were also very scarce ; consequently,

only very few preparations were made from it since we

regarded it as negative in respect to trypanosomes, and we

had a number of good preparations from owl 8. The one

smear of bone-marrow made from owl 7 had, unfortunately,

very little on it, and was not much use j hence, and in view

of our experience with owl 19, presently to be described, we

cannot feel at all sure that trypanosomes were not present in

owl 7, perhaps scanty in number.

Owl 11 had a good infection with Leucocytozoon, and

Halteridium was also present; the latter form was exces-

sively rare, however, only a few flagellating gametocytes being

seen in the course of many living examinations, and the para-

sites being extremely difficulc to find in permanent preparations.

No trypanosomes were found in the bone-marrow of this

bird. On the other hand, in both owls 13 and 14, the next

birds obtained which had a good (or fairly good) infection

with Halteridium, and in which Leucocytozoon also

occurred, trypanosomes were found after death without much

difficulty, as in the case of owl 8. Owl 19 also had a good

infection with Halteridium, and when this bird died later on

it was expected that trypanosomes would be found in it, as in

the others; but in spite of very careful searching of fresh

preparations for a period of two hours no indications whatever

of trypanosomes were seen ; a colleague, Dr. Reichenow, who

was then working at Rovigno, also kindly examined a pre-

paration without finding anything. Hence it was thought that

in this case the Halteridium and the trypanosome of the owl

had been definitely separated from one another, and that this

was a case of infection with the former parasite only. How-

ever, good preparations from the organs of this bird were made

for the sake of the Halteridium and Leucocytozoon, and

in the systematic search of these undertaken since returning

home, three small trypanosomes have been found in four
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smears of the bone-marrow ! The parasites were evidently

extremely scanty; one of us, notwithstanding' a fair amount

of experience with Avian Trypanosomes, has never had

another bird in wliich these parasites were so rare in the bone-

marrow.

The incident of owl 19 emphasises the point that it is very

difficult to be certain, from a living examination alone, that

trypanosomes are absent from the l)one-marrow. Small

forms especially may be quite hidden by clumps of cells.

The spreading out of a thin smear for a permanent pi-epara-

tion helps to set free and disclose the parasites.

The constant association of trypanosomes with one or more

of the intra-cellular parasites, especially the Halteridium
^nd Leucocy tozoon, is very striking. In no case did we find

trypanosomes in an owl which had not these two other forms

also. Nevertheless, suggestive as this fact may be, we have

been unable to obtain any evidence which would, point to

anything being concerned beyond coincident occurrence of

these different types of parasite. Moi'eover, taking the other

forms first, the coincidence is somewhat less marked. Thus,

while five (possibly six) of the seven birds infected with Hal-
teridium also had trypanosomes, in one certainly (No. 11)

trypanosomes were not present ; it is true that here the

Halteridia were excessively scanty. Again, with regard to

Leucocytozoon, this intra-celluhir parasite occurred in

five birds in Avhich no trypanosomes could be found. In

the case of three of these, Nos. 11, 17, and 22, in which the

Leucocytozoon was either fairly frequent or else plentiful,

good sinears from the bone-marrow and also from the other

organs (in the case of No. 22) have been well searched with

negative result.

As Avill be gathered from the table, Proteosoma occurred

indiscriminately, either alone or together with one or more

of the other parasites; while in owl 14, which had the other

three forms, Proteosoma was absent. An interesting point

of difference may be mentioned between Proteosoma on the

one hand and Halteridium and Leucocytozoon on the
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other, the possible significance of which will be discussed

farther. In the early owls Proteosoma occnrschiefly in the

form of schizonts ; u]) to Xo. 1 1 inclusive, scarcely any

ganietocytes were found. In the later owls, on the other

hand, the parasites were niostl}' in the ganietocyte phase^

schizonts beiii"- absent or rare. Halteridium niid Leuco-

cytozoon, on the contrary, occurred in the gametocyte

phase in the earliest owls in which they were found—Xos. 7

and 8 ; many individuals were apparently ripe, since they

'' flagellated/' or became rounded and free, according as they

were of male or female sex, in the fi*esh coverslip prepara-

tions. Indeed, so far as these two inti-a-cellular parasites are

concerned, Ave may take this opportunity of saying that, as

regards endogenous multiplication or schizogony, we have

been quite unable up to the present to obtain any evidence of

such a process, and this in spite of much searching, since

our return home, of what we considered very promising

material.

Owl 2o, for instance, had the strongest Halteridial infection

that either of ns has ever observed; nearly every red blood-

corpuscle was infected with three or four—sometimes more

—

of these parasites, the majority of them being small forms.

Whence this host of parasites originated remains a mystery;

neither smears nor sections of lung and spleen have as yet

shown anything different from the condition found in the

general circulation. And the same result has attended the

searching of preparations of the organs of earlier birds,

where the Halteridia were not so abundant in the blood. The

point remains for future investigation.

Habitat.

Turning our attention now more particularly to the try-

panosomes, it may be remarked in the first place that, so far as

our observations have gone, the trypanosome of the little owl

shows a general correspondence with that occurring in the

chaffinch and redpoll, described in the first memoir. This is
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the case both as regards the habitat of the trypauosomes and

tlieir behaviour in the bird at different seasons, and also in

regard to tlie chief morphological types found.

In the winter and spring months the bone-marrow is the

chief seat of the parasites ; indeed, for all that we could learn

to the conti-ary, they may be restricted to this situation. The
blood of owls 8, 13 and 14 was examined living ou many
occasions, both in the day-time and at night, and numerous
stained preparations of the peripheral blood and the internal

organs (lungs, spleen, etc.) have been searched, without in

any case coming upon a trypanosome.

Xevertheless, from the experiences of one of us in reference

to this point, in working on otlier birds, we should not like

^o say certainly that the parasites do not occur at all in the

general circulation at this period.^ Most unfortunately the

indispensable test, that, namely, of taking cultures from the

blood, was quite a failure in its application in this case.

Several culture-tubes were inoculated from the peripheral

blood of the above owls, which remained uucontaniinated, or

practically so, by bacteria, but they were also sterile as

regards trypauosomes. The disappointment was, however,

that in tubes inoculated from the bone-mai-i'owof these birds,

in which trypauosomes were known to be present, no cultural

forms developed.- In no instance, in fact, did we succeed in

obtaining a culture of the owl-trypanosomes, a very different

result from the usual experiences with the culture-method.

As Rosenbusch (15) has obtained cultures of the parasites

—

i.e., as will be shown later, of the trypauosomes—of the

little oAvl, we can only surmise that the fault in our case lay

with the tubes used.-

' Mayer, however, has noted (12) the occurrence of the parasites (in

the large, massive form, c.f. below) in the general circulation in the

early pai-t of the year (January) in the case of the trypanosome of

SyrniiTm alnco. »

- We had no facilities for making culture-tubes at Rovigno. and had
to rely upon some taken with ns ; many of them were rather old by the

time they were required ; others had to be boiled up and fresh salt-
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On the other hand, in the summer^ for instance in owl

23, the trypanosomes certainly occurred in the general circu-

lation. They were seen for the first time in blood taken from

the living bird on June 15th-16th, in the night-time, after

being five mouths at Rovigno ! This fact is mentioned just by

way of illustrating the difficulties attending the path of the

would-be researcher on these Avian parasites. The trypano-

somes wei*e found also in subsequent examination of the

bird; aud in permanent preparations made they are not in-

frequent, averaging four to six on a good-sized film. Even

at this time, however, the parasites are somewhat more

numerous in the bone-marrow, as we have learnt from our

preparations made after the death of this bird (which took

place on June 29th), while they appear to be extremely

scanty in the smears made from the internal organs (lung,

spleen, etc.).

Living Observations on the Parasites.

With a view of ascertaining whether we could find anything

which pointed to the actual passage or transformation of the

trypanosomes into Halteridia or Leucocytozoa, or vice-versa,

careful living observations were made on several occasions,

usually in the night-time.

A. Trypanosomes.—The following notes were made at

the time of the examination of the bone-marrow of owl 8

after its death (February 26th, 1909), in which, of all our

infected birds, trypanosomes were most numerous to this

situation. The parasites observed were of three distinct

kinds : (1) Slender, active forms, of medium size, with a finely

drawn-out aflagellar extremity. In two instances sucli forms

were seen attached by this end to a cell of leucocytic

chn.racter ; the trypanosomes were lashing about in every

citrate added. Our tubes were, therefore, not very satisfactory ; but

we were not prepared for the entire failure of the trypanosomes to

appear in them, considering the readiness of these Avian parasites, as

a rule, to develop in cultures.
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direction, jippareiitly uuiible to free tliemselves, and were

dragging the cell here and there. (2) Large, stout, slnggish

forms, with a very long, tapering afiagellar end, and a much
pleated undulating membrane; the free flagellum was short.

These individuals travelled very slowly, scarcely moving from

one place ; they often seemed to get Avedged ia among clumps

of cells. The membrane, hov/ever, was in a continual state

of rippling, and an interesting point was noticed in connec-

tion with this, namely the reversal of the movement. The
waves ran usually from the region of the kinetonucleus

towards the flagellum, and the movement in this sense was

continued for the longer period ; but it was frequently seen

to cliange, when the waves ran from the flagellar end towards

^e kinetonucleus, for a short time. All of a sudden, and at

irregular intervals, the movement would change again and be

once more in the original direction. (3) The third type of

parasite seen was quite a small form, not much longer than

a blood-corpuscle ; these individuals were somewhat stumpy

in appearance, with the afiagellar end abruptly pointed.

These forms were not noticed at first; they were probably over-

looked through being hidden by or among clumps of cells, out

of which they nmnaged later to Avorm their way. They had

a wriggling movement, but did not seem to ti-avel much. These

small trypanosomt's appeared to have a predilection for

attaching themselves by the tip of the flagellum to the

surface of the glass, either to the slide or the cover-slip.

On examining a preparation the following morning (some

ten hours later), one of the small forms Avas observed slowly

writhing about, quite free from any corpuscles, but with the

tip of its flagellum firmly attached to the slide by a distinct

dot or granule. The trypanosome, by its movements, pushed

and pulled its body from and to the spot where it was attached,

without, however, becoming free. The membrane undulated

slowly ; its flagellar border appeared distinctly to be wound
spirally round the body of the parasite. The body itself

seemed somewhat stiff, and oidy changed its curves slightly

and slowly. Another trypanosome, probably belonging
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to the first type mentioued, was also noticed at this time;

it was recognised by its movement, bat as it was more or

less surrounded by a clump of corpuscles, its characters, with

the exception of its approximate size, could not be made out.

Looked, at again later (about noon) tlie small trypanosome was

found to have detached itself, and was wriggling feebly,

loose, and waving its flagellum about slowly; it appeared

moribund. At 2 p.m. it was nearly dead, only the tip of its

flagellum now moving feebly.

The same three types of individual were also found in the

bone-marrow of later owls (Nos. 13 and 14) ; and here

again, in the latter bird, certain trypanosomes were seen to be

distinctly attached. A medium-sized, slender form (belong-

ing to the first category) was attached to a corpuscle by its

flugellura, by means of which it was waving the corpuscle

about vigorously. Further, a small trypanosome (type 3)

was seen unmistakeably attached by itsflagellum toaleucocytic

cell; and another small individual also appeared attached,

but this could not be ascertained with certainty owing to the

parasite being partially hidden. These observations Avere

also made in tlie evening, about 8 p.m.; and the above two

individuals were watched at intervals until midnight without

any change being noticed. Next morning the slender form

could not be found again; while the small individual was

quite motionless and seemed to be dead.

From the above notes the following definite and rather

interesting" points may be emphasised. The slender, medium-

sized parasites, and also the small, stumpy forms, may be

found attached to a cell, either by the flagellum or by the

aflagellar end. On the other hand, no individual belonging

to the laige, sluggish type (of the second category) was ever

observed attached.

In owl 23 quite a different state of affairs was met Avith

from that obtaining in the earlier owls. The trypanosomes

in this bird were in what we propose to refer to as the

"summer condition"—both as regards the habitat of the

parasites and the type of form found. This condition is to be
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recognised, we think, as constitutino- a perfect!}^ definite

phase in tlie life-histoiy of these Avian trypanosomes. As
above mentioned, the parasites were observed living in the

peripheral blood on two occasions, in the night-time; only

very few trypanosomes were noticed altogether in several

cover-slip preparations. They belonged to one type, and

were fairly small and stumpy, spindle-like or rather broad ; as

will be seen later, these forms are not quite comparable to

those of the third category above described. All the trypano-

somes observed living in this owl, whether in the blood or

(later) in the bone-marrow, were free; none showed any

inclination to become attached to any cell.

To sum up : In spite ot" many and long-continued observa-

ifous we never succeeded in seeing any form of the trypano-

some of the little owl either penetrate into, or become

completely attached to a cell, and lose concurrently its

locomotor organs; and this notwithstanding that both

Halteridia and Leucocytozoa were present in all cases in the

same birds. The only manner in which we observed the

trypanosomes to be associated Avith cell-elements was that of

their attachment by one extremity—which might be, appa-

rently, either end indifferent!}^ ; and we never saw this

attachment develop into any closer connection (cf. however,

below, p. 165).

B. Leucocy tozoon.—We do not intend in this paper to

discuss the minute structure of these parasites, but only to

note certain features observed, and more especially those

bearing upon the question of the actual connection of these

intra-cellular parasites with the trypanosomes. Owl 11 had

a good infection of Leucocy tozoon and was the most

suitable of the earlier birds for studying this form. The

parasites were all in the gametocyte-phase, most of them

being nearly full-grown in size. In nearly all the host-cell

had acquired the characteristic spindle-like appearance, with

the cytoplasm drawn out in two long, tapering processes.

The degree of plumpness of the parasites varied slightly

;

some were more slender, others rather stouter ; but apart from
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tliis, there was strikingly little diffei-euce to be noticed among
tlie numerous parasites observed. We certainly never saw

anything resembling the curious appearances and. behaviour

of the parasites described by Button, Todd and Tobey (3) in

another species of Leucocy tozoon ; and in this respect our

observations concur with those of Wenyon (17).

Many individuals were Avatched very carefully for signs of

movement, but in no instance did we see any active move-

ment or change of form, either of the ovoid, more internal

(endoplasmic) part of the parasite or of the tapering extremi-

ties of the spindle. The latter, probably consisting at any

rate in the narrower portions only of the cytoplasm of the

host-cell, were sometimes seen to bend slightly to and fro,

quite passively, this motion being cnused, doubtless, by little

currents in the blood-plasma in the immediate neighbour-

hood. We never observed any amccboid movement or any-

thing comparable to the Avaves of constriction described by

Wenyon in the case of L. neavei; neither did Mathis and

Leger (8 and 10) in their form from the fowl. Of course, in

referring to this absence of movement in the parasites, we
are not taking into account the preliminary efforts of ripe

gametocytes either to rupture the host-cell or to form micro-

gametes. It is possible that the observations made by

Wenyon maj^ refer to such ripe gametocytes Avhich were

endeavouring to free themselves from the leucocytes ; though

it is true we always found this process to occur very rapidly

in L. ziemanni. The reason why we have laid stress on

the entire absence of active movement in the ordinary spindle-

shaped individuals—which was ahvays the case in every bird

in which we studied them—is to emphasise the fact that we

never saw any indication whatever of the development of

locomotor organellcC, or of any active trypaniform phase.

Further, we have never once found, either in living prepara-

tions or in the permanent smears, any young or intermediate-

sized individuals or forms other than the ripe gametocytes,

free in the blood-plasma, however numerous the parasites

were.
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Au intei'estiii,i>" feature wliich may be pointed out was the

vai'iation we noticed, both in the number of gametocytes

present in the drops of blood examined and in the apparent

ripeness at different times. Mathis and Leger (9) h;ive

remarked on the occurrence of wliat they describe as a,

periodicity of the gametocytes iu the circulating blood, which

they noticed on two occasions in Leucocy tozoon caul-

leryi, of fowls iu Tonkin. The parasites would be observed

for a certain number of days (four to seven) in varying

frequency, and then would apparently disappear from the

blood and not be seen again, often for some weeks, In the

cases instanced there appeai-ed to be no regularity either

about the length of time during Avhicli the parasites were not

Ipbserved, or about the period, usually a few days, when they

were present.

We never observed in any of our owls infected with

Leucocy tozoon a complete disappearance of this parasite

from the blood. The following notes illustrate the variation

to which we have just alluded in owl No. 11.

March 18th, morning after arrival: Leucocy tozoon
present

;
parasites frequent.

March 19th-20tli, midnight: Parasites distinctly more
numerous, approaching abundance. Many rounded-oft' forms

(i.e. ripe females, which had luptured the host-cell) seen.

Probably i-ipe male individuals were also present, though no

flagellating forms were actually seen.

^larch 23i-d, morning: At first no signs of Leucocy to-

zoon, but after some searching the parasites were found.

They were infrequent to scanty, only five or six individuals,

one of which was rounded-off^ being noticed in four cover-

slip preparations.

March 2ord-24tli, midnight : Parasites numerous. Li a

cover-slip preparation of pure blood only spindle-shaped,

intra-cellular forms were seen; but in a preparation to which

a drop of salt-citrate solution had been added, many
liberated females and some flagellating male gametocytes

were found.
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Marcli 27th-28tli, inidniglit : Leucocy tozooii uot at all

frequent, rather scanty in fact, requiring' considei*able seai'cli-

ing. Parasites distinctly in batches. In one drop none were

seen after much searching, while in another four or five

intra-cellular forms were come across one after another

fairly quickl}'. In a drop diluted with salt-citrate solution

two ripe females and also two flagellating- males were

found.

March oOth, morning : Leucocy tozooii numerous. Many
rounded-otf females observed, but only one flagellating

male.

April ord, afternoon: Owl 11 died. Leucocy tozoon

numei'ous, botli in blood and internal organs. No rounded-

off or flagellating individuals were observed, however, whether

in preparations to whicli salt-citrate had been added or in

those to which it had not been.

In several ot our otlier owls in which Leucocy tozoon
Avas present (e.g. Nos. 14, 17 and 19), the parasites were

infrequent or scarce wlienever the birds were examined (this

being the case even in the internal organs after death), and

consequently no such variation in number was observed. In

owl 22, however, which had a very good infection with Leu-

cocytozoon, the above phenomenon was again noticed.

June 13th, morning after arrival: Leucocy tozoon
numerous ; many flagellating as well as rounded-off individuals

seen.

June 21st-22nd, midnight : Parasites not nearly so

numerous, only fairly frequent, and no flagellating or

i-ounded-off individuals were observed.

June 22nd, afternoon : Owl 22 died. Both in the heart-

blood and in the bone-marrow Leucocytozoon was fairly

numerous, distinctly more frequent than in the peripheral

blood the night before, but again no ripe forms were seen

—

either rounded-oii or flagellating.

Of our birds infected with Leucocytozoon, the one which

we had under observation for the longest period was No. 14-,

which was first examined on April 20th and lived till May
VOL. 57, PAPiT 2. NEW SERIES. 13



156 E. A. JIIXCHIX AND H. M. WOODCOCK.

20th—just a month. Leiicocytozoon was very scarce in

this bird. It v/as not found in the living examination on

April 20th : l)ut on April 23rd a single individual Avas noticed

in two cover-slip preparations. Examined again on May 9th

(morning) and also on May 12th-loth (midnight) no Leuco-

cytozoa could be seen in the living drops. But a very

feAv individuals have since been found on searching permanent

smears made on these occasions. Hence the parasites were

present in the general circulation, though so scanty that their

presence could not be demonstrated in the routine examina-

tion of several living drops on both occasions. Further, in

the smears made from the heart-blood of the dead bird on

Mav 20th Leucocy tozoon is also present, though very

%canty.

From the above observations we think, therefore, it is

practically certain that in none of our oavIs infected with

Leucocy tozoon was this parasite at any time really absent

from the general circulation.

The variation in number and ripeness of the gametocytes,

and their occurrence at times in distinct batches, is most

probably the result of some antecedent process of schizogony,

by which the sexual forms have originated. A schizogonic

mode of multiplication has been briefly described by Fantham

(4) in L. lovati of the grouse; and a similar phase occurs

in all likelihood in other Leucocy tozoa. At a particular

moment, we may suppose, a number of young (potential)

gametocytes are liberated by the breakdown of the host-cell

in some internal organ in which they have been developed.

They penetrate, probably as soon as possible, into the new

leucocytic host-cells in which they will grow and mature, and

so pass into the blood-current, in which they are passively

borne along. As it is quite probable that different host-cells

(or groups of host-cells) containing the products of schizogony

become ruptured at different times, we should have, in that

case, clumps or batches of gametocytes of slightly different

age and ripeness in different small quantities or volumes of

blood.
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The only other explauatioii of our observations—on owl 11,

for instance—would be that the great majority of the
nnmerous gametocytes observed on March 19th-20th had
died off by the 23rd, and that those seen again on March
23rd-24th were an entirely fresh lot, which had been very

rapidly developed as the result of a quite recent schizogony.

In the first place it is most unlikely that the gametocytes
would die off in such numbers as soon as, or even before, they

were quite ripe, especially at the beginning of the season

—

such a course would be very expensive and most unusual for

a parasite. Secondly, if schizogony had been going on
recently to produce the numerous forms seen in the blood
March 28rd-24th, and again, subsequently, to give rise

to those present on March 30th, we should certainly have
expected a proportion of these forms to be small to inter-

mediate in size, which is not the case ; and, moreover, we
ought undoubtedly to have found some indications of the

actual schizogonic process in our permanent preparations of

the internal organs made on April 3rd, when the bird died.

As a matter of fact in all our infected owls the schizogonic

process seemed to be over and done with
; altogether we have

only come across extremely few really small (young) gameto-
cytes. Hence, the first explanation we have offered appears
by far the most reasonable.

It is interesting now to compare with our experiences those

of Mathis and Leger in the case of the species parasitic in

Tonkin fowls already alluded to. It is important to note

that the periodicity described (occurrence for some days,

alternating with apparently complete disappearance for a
period of two or three weeks or more) was observed only in

L. caulleryi; in L. sabrazesi from the same bird, which
was made a distinct species on account of the gametocytes
always having the spindle-like shape, this disappearance was
not found. In a previous memoir (18) it has been remarked
by one of us that those two species are most probably
only different phases of one and the same parasite. The
L. sabrazesi phase probably corresponds in a general way
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to the condition in which we found L. ziemanni in some of

GUI' owls. The L. caulleryi phase, on the other hand,

appears to represent an older condition of the parasites

—

probably a much older infection—in which the gametocytes

are quite mature, it may be, over-ripe. In such a case oue

may suppose that many of those which do not succeed in

passing into the alternate host at length die off. It is not

unlikely, we suggest tentatively, that others are able to

undergo some parthenogenetic development and give rise later

to a fresh succession of gametocytes in the blood. In this

manner the reappearance of the parasites after an interval

could be readily explained.

We may conclude our remarks on Leucocy tozoon
ziemanni by giving extracts from our notes relating to one

or two interesting observations on the gametes, which Ave

were fortunate enough to find in living preparations. The

male gametes were first detected, by the movements of the

corpuscles which they caused. They appeared as very

slender, spiroch^te-like bodies, exceedingly active, perform-

ing twisting movements and travelling at a fair pace; they

were rather longer than a red corpuscle and capable of

jerking the corpuscles about. Three or four of these

delicate elements were seen in an area rather larger

than a field of the microscope. In another field an active

inale gamete was found and also a rounded-off female

individual ; the latter was quite spherical and had ruptured

its host-cell, the remains of which, together Avith the nucleus,

were still attached to one side of the parasite. The male

gamete was at first some little distance from the female

element ; it travelled fairly fast, and in keeping it in view

the female individual was sometimes quite out of the field (of

the oil-immersion lens), and then would be brought in again,

i.e. the microgamete was sometimes nearer to, at other times

farther from, the female. Once the inale was seen to travel

in a straight line rapidly towards the female till it nearly

reached it ; but then it turned off to one side again. After

moving about a little longer, however, the microgamete at
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length approached the female gamete, and after some gyra-

tions, which caused the latter to be jerked about as well as

the corpuscles in the vicinity, it was seen to be definitely

attached to the female by one extremity. The male element

continued to lash its body and jerk the female about, but

after a time these movements became feebler and the male

seemed to be contracting. At this moment the female was

suddenly violently jerked, and after that no further move-

ments were seen on the part of the parasite. The female

individual was now examined very carefully but no signs of

any little body attached to it could be made out; the male

gamete seemed to have been absorbed. At this period no

definite nucleus could be distinguished in the female ; one part

of the body was clearer and free from pronounced gx-anules,

but no sharply contoured nucleus could be made out. After

watching the parasite for some time it was noticed that a red

corpuscle, flowing slowly past it, was deflected slightly from

its course, and it was seen that there was then a small body

attached to the parasite at this point ; this little body was

spherical, of a definite contour, and contained a few grannies;

it appeared like a minute cell or nucleus. Shortly after this

minute body had been found and when our attention was

again turned on the parasite proper, it was observed that its

nucleus was now quite distinct. It could be seen as a slightly

oval clear space, with sharp and definite contour, and had

near one end a dull spot, quite different in appearance from

the much darker grains in the cytoplasm. The diameter of

the nucleus was about double that of the little bod}" attached

to the female gamete. The parasite was watched for some

time longer, but the only change observed was that the

attached body seemed to become rather contracted and

shrivelled, as if degenerating. No indications of any other

change or development in the parasite itself could be noticed.

When seen again in the morning (of the same day) the

Leucocy tozoon had become hyaline in appeai'ance and

seemed to be dead ; there was no sign of the little attached

body.
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This was the only occasion on which we were able to see

the fertilisation of a female gamete of Leucocy tozoon, but

several times we observed the male gametocyte in the act of

flagellating, i.e. of developing the microgametes. This

process occurred more readily in coverslip preparations to

which a drop of salt-citrate solution had been added than

in those put up of pure blood alone. When the micro-

gametocyte ruptured its host-cell its body protoplasm was

usually more or less segmented or divided up into two or

three lobes or portions from which the male elements were

given off, just as was described and figured by Schaudinn

(loc. cit.). The number of microgametes formed appears

to he variable. Schaudinn gives the number as eight ; on

Ae other hand, Lavei*an (7) figures four as arising, also in

this species of Leucocy tozoon (" Has m amoeba " zie-

nianni). In one case we saw three quite distinctly, and

there may have been a fourth, but we could not be certain
;

in another instance, where the body of the parasite (freed

from the host-cell) had been constricted into two masses,

only one male element was seen to be formed. It is not

improbable that in the citrated drop some gametocytes

may be stimulated into attempting to develop microgametes

before they are really quite mature enough to do so in a

completely normal manner. Thus in the last instance' given,

the solitary microgamete, at first flagellum-like and active,

appeared unable to liberate itself from the protoplasmic mass,

and after five or six minutes its wrigglings became less active

and more spasmodic, and finally it became much contracted

and pear-shaped and ceased to move. In other cases, again,

the microgametocyte did not succeed in rupturing the

enclosing envelope of the host-cell, and the microgametes

were developed inside the skin or capsule, as it were, of the

leucocyte, from which they were unable to get free. In one

instance several male elements (there may have been as many
as eight) were seen thus imprisoned ; they Avere in two

bunches, directed towards the spindle-like ends of the host-

cell, and W'Cre lashing themselves about vigoi'ously in the
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endeavoui' to become free. This movement went on for

about tliree quarters of an hour, but Avith no success.

The free microgametes themselves were, as already men-

tioned, very slender thread-like bodies ; they were, if any-

thing, rather longer than those of Halteridium. The
gametes, living, were observed very closely, but no signs of

any undulating membrane could be made out; nor could any

more active, whip-like part of the body, corresponding to a

free flagellum, be distinguished. Unfortunately, we have

not been able to find any microgametes in our permanent

preparations; Wenyon, however, has figured (17) the male

elements of L. neavei, from a stained preparation, and these

also appear simply as threads. It is most likely, we tliink,

that the minute structure of the microgametes of Leucocy-
tozoon is very similar to that of the corresponding elements in

Halteridium ; in the latter parasite, the male gamete, as has

been described by one of us (loc. cit.), consists of a delicate

cytoplasmic thread, containing two or tliree chromatic masses

of varying size and having a distinct centrosomic granule at

one extremity (cf. also below).

c. Halteridium.—Three of our owls had a good Halteri-

dial infection, Nos. 18, 19, and 23 ; the parasites were

plentiful in the first, abundant in No. 19, and simply swarm-

ing in No. 23. It may be remarked here that the terms

" numerous," "abundant," and so on, as we have used them,

do not mean the same thing, as regards the actual number of

the parasites present in the case of Halteridium and

Leucocytozoon respectively; this will be understood

when the different liabitat of the two forms and the relative

proportion of red blood-cells to small mononuclear leucocytes

is borne in mind. For instance, we may consider Leuco-

cytozoon to be numerous when two or three individuals on

an average can be seen in a single field of a fresh cover-slip

preparation, working with a dry lens (obj. D or 4 mm. apochro-

matic); but we should not regard Halteridium as abundant

in an infected bird unless on an average at least one or two

individuals occurred in a single field of a stained smear,
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using an oil-immei'sion lens. Sncli an infection Avas present

in owl 19. And in owl 23 neai-ly every red blood-corpnscle

is infected; ver}' few uninfected red cells can be found in

the permanent preparations ; there are nearly always two or

three parasites in a single host-cell, and frequently their

number is four to six, when they are mostly small or qnite

minute forms.

No pronounced variation in the number of the Halteridial

parasites present on different occasions of examination was

observed, contrary to what was so markedly the case in

Leucocytozoon. It was observed several times, however,

that there was distinct, often considerable variation in the

number of individuals which Avere ripe enough to flagellate or

•ecome rounded off. Thus, at some examinations, by the

time a drop of pure blood could be mounted and put under

the microscope numerous male gametocytes Avould be seen

actively liberating free microgametes, rounded-off female

forms also of course being present ; at other times scarcely

any such, or none at all, AA-ould be found. Another noticeable

point of difference from Leucocytozoon Avas that not only

adult or nearly adult individuals, but also young or small

forms and forms of intermediate size, were nearly always

present at the same time in the blood.

^

On the Avhole, comparing the results of our observations

on Halteridium and Leucocytozoon, Ave think the

following conclusions are suggested. The schizogonic process

in the former parasite must be on a considerably larger scale

than it is in the latter, eA^en if Ave suppose that there is a

stronger original infection.- Further, it is probable that the

schizogony in Halteridium may be of longer duration, i.e.

that it may continue to go on for a longer period than is the

case in the Leucocytozoon; this seems to us to be indi-

' This agrees with the condition Avliich was found in the case of

H. fringillse, in the chaffinch.

- If schizogony in the parasite of the httle owl is similar to the

process descrihed by Aragao (1) in the Halteridium c>f the pigeon,

it is indeed on a lavish scale.
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cated by the fact that in our early owls as well as in out-

later ones quite small forms, which cannot have been lon«^ set

free from the parent schizont, occur as well as others of

medium size in the red blood-cells; also because the later the

bird, the greater the number, as a rule, of Halteridia present

(owls 8, 18, 19 and 23 form a regular series in this respect).

In the birds in which Halteridium Avas fairly numei'ous

or abundant (Nos. 13, 19 and 23) parasites were seen in the

living cover-slip preparations Avhich were quite free from a

blood-corpuscle, although they were not rounded-oft" or

flagellating individuals. Only a few of these free Halteridia

were noticed in owl 13, they were less scanty in No. 19,

while in !No. 23 they were quite common. In the last case

these free forms varied considerably in size, from small

individuals up to forms of intermediate size or larger. These

free forms appeared, so far as could be seen, perfectly

similar to those in the corpuscles. It is important to note

that they were quite motionless and were not observed to

undergo any change. Particular individuals, fairly large

ones, v/ere watched for two or three hours at intervals, and

at the end of that period had not altered at all. Not the

least indication was seen of the development of any of these

free Halteridia into a trypaniform condition. In the living

blood from owl 23, examined at night, C)ne or two trypano-

somes were found; these were distinctly larger than the free

Halteridia. In spite of much searching, no parasites were

seen to become actually liberated from the corpuscles. It is

certain, however, that most, if not all, of these free indi-

viduals had been parasitic in a red cell, for the great majority

contain pigment-grains.

The same state of affairs observed in the living preparations

from these three owls is found in the permanent smears

made from them respectively. Here and there in the pre-

parations from owl 23, where, as already mentioned, sevei-al

parasites often occur in a single corpuscle, three or four free

individuals are found grouped around or else close to the

isolated nucleus of a red cell ; in such cases one may assume
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that the cell has been disorganised artificially in making the

film. Most of the free forms are more or less nniformly

dispersed, however, and have no broken-down remains of a

red cell in their vicinity. This fact, and, of course, the

occurrence of these forms in the fresh preparations, makes it

certain that their liberation is not due merely to manipulation

of the blood. These free forms are undoubtedly present in

the blood in the bird, scanty or numerous as the case may
be. We are left somewhat uncertain, however, whether the

process of liberation is an active or passive one on the part of

the parasites, i. e. whether the Halteridia leave the red

blood-cells of their own accord, by breaking out or away
from them, or whether they are simply set free b\^ the

^pture of a used-up corpuscle, which has probabh^ contained,

several parasites. Schaudinn maintained, of course, that the

intra-cellular Halteridia regularly become active and trypani-

form, and voluntarily leave the corpuscles. AVe should have

seen this process in owls 19 and 23 if it occurs. On the

whole, we are much more inclined to think the latter explana-

tion we have suggested is the true one. In this connection it

is important and interesting to note that there is markedly

little or no hypertrophy and enlargement of the red blood-

coi-puscles by the Halteridia, even when there are several

individuals in one host-cell; this contrasts strikingly with the

great enlargement and. stretching which the red cells may
undergo when infected with Hjemogregarines or H^emo-
cystidium, for example. Hence it seems to us most likely

that in an abundant infection, when there are three or more
Halteridia in a corpuscle, their growth and increase in size

renders it only a question of time before the corpuscle is

iMiptured, thus passively liberating the enclosed parasites.

We should say it is very doubtful whether such free forms

become again intra-cellular.

Mayei', in his account of the parasites of another owl,

Syrnium aluco, also admits that he sought in vain for active

trypaniform phases (trypanosome-forms) of the Halteridium.

Before leaving this question we should like to put forward
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a suggestion, which is, however, nothing more than a

suggestion. We think it is not at all impossible that there

ma,y he some iutra-cellular phase of trypanosonie, perhaps even

occurring in a red blood-corpuscle, still to be definitely

ascertained. As Avas discussed in the preceding memoir with

reference to the recent work of Ciiagas (2) and Hartmann

(5), it is reasonable to suppose that a schizogonous process of

multiplication occurs in the life-history of these Avian trypano-

somes, by which the small forms are developed from large,

massive individuals. And it is quite possible that the

immediate products of schizogony^ which niay be assumed to

be small elements, pass for a time into the red cells before being

liberated as small, active tr3q3anosomes ; such intra-celluJai*

phases Avould most likely be found, Ave think, to be quite

independent of the Halteridia, and might not possess pigment.

In the scheme drawn up on p. 176, showing the relation betAveen

the different phases of the trypanosome, as found in the oavI,

Ave have indicated the position Avhich this hypothetical iutra-

cellular form Avould occupy.

In this connection reference may perhaps be made to a

remarkable passage in Zupitza's account of Avian trypano-

somes (19). Zupitza states that in blood taken from a

Avounded " Haarvogel" ("Biilbur'), in Avhich both trypano-

somes and Halteridia were present, he observed two or three

red blood-corpuscles Avhich Avere undergoing a strange

spontaneous movement, turning over now in one direction,

now in another. Further Avave-like SAvellings of the mem-

brane or envelope of the corpuscle Avere noticed. According

to Zupitza careful examination of these phenomena showed

that they Avere due to a small, slender trypanosome inside the

corpuscle, Avhich coursed rapidly through the cytoplasm,

around the nucleus, first in one sense and then in the opposite

one. Apparently the tiypanosome Avas trying to bore a Avay

out through the envelope of the cell, but so long as Zupitza

was able to Avatch it it Avas unsuccessful. We shall have to

criticise Zupitza's paper in many respects, but Ave feel quite

unable to offer any comment upon this Avonderful description ;
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all we can do is to direct attention to it. Unfortunately, in

tlie conrse of very numerous ol)servations on birds infected

Avith trypanosomes, neither c>f us has ever seen anything in

the least corresponding-.

Morphology of the Tuypanosomes as seen in the Permanent

Peepakations.

All our permanent preparations are in the form of smears.

Both the two chief methods of preparing films w^ere employed,

namely : (1) fixation by osmic acid vapour, followed by abso-

lute alcohol, and then staining by Giemsa ; and (2) wet fixa-

tion of smears made on cover-slips, either by sublimate-acetic

©mixture or by Schaudinn's fluid, and then staining by irou-

hasmatoxylin. The details of our use of both these methods

have already been described (see Minchin [13] and Minchin

and Woodcock [14]), so they need not be repeated here. The

drawings are all magnified 2000 times, so that a particular

individual can be at once compared with any other.

The type or types of form presented by the parasites varied

in different birds. In the early owls infected with trj-pano-

somes (Xos. 8 and 13;, three readily distinguishable types

occurred, as has been indicated above in our account of the

observations made on the living, active parasites. These

three types maybe distinguished as small, medium, and large

respectively. AVhile each type has sharply defined charac-

teristics, and at the first glance might be regarded as

representing a parasite quite distinct from both the others,

nevertheless, as will be seen below, forms occur which are

transitional in cliaracter from one type to the other, and
there can be no doubt, we think, that all three are only

different phases of one and the same trypanosome.

The small type of individual (figs. 1, 2, 14, 32-35) is spindle-

like or fusiform in shape. The aflagellar extremity of the

body is abrupt and conical, tlie kinetonucleus being situated

close to the end. The undulating membrane is relatively

quite well developed, and the free flagellum is fairly long
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Using the standards of measurement previously adopted

(loc. cit,), the total length of these forms, as they appear on

smears made by the first (Romanowsky) method (figs. 1-3,

14), is from 26 to 28 /x, and the greatest width 3 to 4 /n, while

the length of the free fiagellum is usually about 8 to 9h fi.

The trophonucleus is situated about the middle of the body,

or at most is only slightly nearer to the aflagellar end than to

the other.

Compai'ing these forms as they are seen in Avet films (i.e.

films made by the second method), the length of the parasite

appears uniformly somewhat less, averaging about 25 jjl.

There is no doubt that the body of the trj'^panosome is always

rather contracted or shrunk by the wet method of prepara-

tion. This can be clearly seen to be the case by comparing

figs. 32-35 of these small parasites on Avet films with the

figures of individuals of the same type on Giemsa smears. It

will be noticed also that, in the former case, the flagellar

border of the parasite frequently appears more crinkled and

angulai'-looking than in the individual on "dry" smears; this

being the i-esult of a shortening of the body cytoplasm to a

greater extent than the flagellar border (though the latter,

and of course the free flagellum, is also somewhat contracted).

The next type of the parasite, the medium-sized form (figs.

7, 8, 20, and 21), is distinguished by its hnig, finely tapering

aflagellar region, and also by the conspicuous undulating

membrane, the folds of which are broad and high. The

folds, it may be noted, frequently show the delicate endo-

plasmic intrusion, as described in the first memoir. The

aflagellar end may be very narrow and attenuated (figs. 7 and

20). The free flagellum is relatively long. The entire length

of these forms, in the above typical instances, is from 44-47 /u,

the greatest width varies from 5 to oh fx, the length of the free

flagellum is 11 to 13 fi, while the aflagellar prolongation of the

body, measured from the kiuetonucleus, is usually 5 to 6A fi,

but in the individual of fig. 7 it is as much as 9 fx. In this

type the trophonucleus is always in the aflagellar half of the

the body, i.e. it is nearer to the kinetouucleus tlian to the
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poiut where the cytophisin ends and the flagellinn hecomes

tree.

The cytoplasm of both the types of form just described, is

coloured either pale blue or a faint lilac in Giemsa smears.

Usually it appears fairly homogeneous in character (figs. 20,

21), but now and then it contains granules, more or fewer,

which stain dark red (fig. 8).

The third distinct variety of form shown by the trypano-

some is very large, and also differs markedly from the other

two types in the appearance of the cytoplasm (figs. 9-11,

22, 24). This is ver\" dense, and in Giemsa-stained smears is

coloured a deep and intense blue, which may be slightly

tinged with purple or lihxc. The aflagellar region of the

Lody is prolonged for some distance beyond the kiueto-

nucleus. It nsually tapers to a fine extremity, bat it is never

so narrow and attenuated as in the mediuin-sized parasites,

because in these large forms the body is much broader at the

level of the kiuetouucleus than in the latter. The undulating

membrane may be verv prominent, especially towards the

tlagelhir end of the body. The dimensions of some of the

largest of these forms (figs. 10, 22 and 24) are as follows:

Total length 54—60 /u, greatest width Oj-6 ju, length of afla-

gellar prolongation 12-15 ju, and length of free flagellum 8^ /u,

the last named being comparatively short. A rather shorter

but broader individual (fig. 11) measures 50 /.t in length,

6.'; fx in width, while the aflagellar part is 9 /./ long, aud the

fliigellum again 8^ ju.

In wet films, stained by iron-luematoxylin, this type is

readily distinguishable (figs. 4o and 44), both by its general

shape, which agrees quite well with appearance of similar

parasites on the other smears (allowing for a uniform shrink-

age in size), and also by the staining reaction of the cytoplasm,

which is stained dark grey, a much deeper tint than in the

case of the small or medium-sized individuals, whose cyto-

plasm is quite pale or else only slightly stained. The largest

examples of this type, as seen in wet films, measure 44 /nl^in

length, 4.\ /j. in breadth, the aflagellar region is 7 // long, and
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the free flagellum 7-10 /(; it may be, of coui'se, that these

particular examples are not really quite as large as that, for

instance, of fig-. 10, making^ allowance for some conti-action.

All the iudividuals of this larg-e type which we have found

in wet films have the same general shape and appearance

—

that of a long, rather thick spindle with finely tapering-

extremities ; and this form agrees closely with the appearance

of these individuals as they were observed alive. Hence we

feel sure that on Griemsa-stained smears, those individuals

which closely resemble the above-described parasites on wet

lihns can be correctly regarded as having retained the

typical and normal appearance ; and it is from such standard

examples that we have taken the measurements given above.

This is an important point to note, because these large para-

sites are difficult to obtain well fixed and stained on a Grienisa

smear. Not uncommonly they are found of the weirdest

shape and appearance ; we have not the least doubt that such

individuals have been deformed and distorted in making the

preparation. Such parasites are generally very much flat-

tened out, while the aflagellar end is blunt and broad and has

quite lost its true shape ; sometimes the whole trypanosome

may appear nearly rectangular. It is quite useless to figure

such individuals; Zupitza (19) has given (tig. 49, pi. 5), an ex-

cellent illustration of how far removed from its true shape one

of these large forms (which he regards as "T. ziemanni^')

may appear on a dry, Giemsa-stained smear. Unfortunately,

from his description Zupitza apparently quite fails to realise

that the individual he figures is hopelessly flattened out and

distorted.

The question of the flattening-out of these large forms,

which is, of course, liable to occur on a "dry" film, has

an important bearing, Ave think, on another point. In

the memoir on the trypanosome of the chaffinch and redpoll,

the corresponding large blue forms there described showed in

most cases a characteristic structural peculiarity of the cyto-

plasm, namely its tendency to show an arrangement into

longitudinal bands, dark and light alternating, the former
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apparently composed of coarser, more closely packed g-raimles.

It was stated then that these bands were not to be regarded

:is actually representing' myonemes. Now, in the case of the

large blue trypanosomes from the little owl, most of the well-

fixed individuals, i.e. those most closely approximating in

form (shape) to the corresponding type on wet films, show

scarcely any indications of such a structural differentiation of

the c3'toplasm. Only in one or two individuals, which are

relatively rather wide, can traces of the bands be made out

(ci. fig. 11). And none of these forms on wet films shows

any signs of this peculiarity, the cytoplasm being practically

homogeneous; this fact is, we think, most instructive. We
have come to the conclusion that this appearance is, to a large

^xtent, artificial, and chiefly the result of a certain flatteuing-

out on the " dry " Giemsa-stained smears. The narrower and

more compact the general cytoplasm of the parasite, the less

conspicuous is this band-like arrangement.

It may be asked, Why was this condition found very fre-

quentl}^ in the large forms of T. f i-ingi llinar um, which

Avere figured as normal ? It must be recalled in explanatioii

that the preparations on which the account of these forms in

the latter trypanosome was based differed in two respects

from those we have of the parasites from the little owl. In

the first place, no wet films of T. f ri ngi llinar um were

obtained. Secondly, the smears were made from the pei-i-

pheral blood, and Avere, of course, evenly spread out and thin.

On the other hand, in the case of the trypanosome AvitliAvhich

Ave are noAV concerned, all our preparations showing these

large individuals are made from the bone-marroAV, and the

smears are not nearly so thinly spread out. In fact, the best

fixed examples of these large forms are those which occur in

the neighbourhood of clumps and masses of cells.

It is fairly certain, therefore, that in the blood-smears con-

taining T. fringillinarum, these large blue parasites Avere,

Avhile really not distorted, nevertheless sufficiently flattened-

out to produce this effect of bands in the cytoplasm. At the

time, however, there Avas no reason Avhy one should have con-
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eluded this to be the case. If the figures given iu the

preceding memoir of the lai-ge forms of T. fi-ingill inarum
are compared with hgs. 10 and 24 accompanying of the

corresponding type of the parasite of the little owl^ it will

be noted that the general cytoplasm in the former appears dis-

tinct!}' wider in proportion to the length of the body than in

the latter trypanosome, although this is really a larger

(longer) species. It may be mentioned that in one of the

figures (fig. 48, pi. 5) which Zupitza (loc. cit.) gives of the

large trypanosome identified by him with "T. ziemanni'^
from Eurystomus afer, showing an individual that is mani-

festly flattened out, the cytoplasm also shows distinct bands.

As regards the significance of this appearance we think

it is probable that the clearer, lighter longitudinal zones,

Avhich are usually the narrower, may correspond to the

position of the myonetnes, though they do not, of course,

actually represent them. The myonetnes tliemselves are

most probably fine but definite lines; apparently they

are not easily demonstrable in Giemsa-stained prepai-a-

tions. One of u.s (13) was fortunate to secure a preparation

of T. percie, made by the wet method, which showed

the myonemes well, but even in the case of the large T.

raiai, in ii'on-ha9matoxylin-stained films, we were unsuccess-

fid (14) in seeing them ; also in none of our wet preparations

of the larger forms of the try2)ansome of the owl have we
been able to make them out.

Of the tlu-ee types or phases of the trypanosome above

described, which occur together in the bone-marrow, and

there alone, the small forms are the most numerous, the big

blue individuals are distinctly less frequent, while the slender,

medium-sized type, iu its most fully developed condition with

the long, nari'ow aflagellar prolongation is least common, and

occurs somewhat scantily.

As already indicated, these thi-ee phases can be definitely

connected with one another by means of transitional forms

which occur. Thus the medium-sized, slender parasites

arise from the small ones by growth and extension of the
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body, principally in the direction of ieno'th ; at the same time

the aflao^ellar prolon oration becomes conspicuously developed.

A regular series of intermediate stages is seen, for example,

in figs. 4, 18, 17, (3 and 19. The dimensions of these indivi-

duals are as follows: Fig. 4, (a) total length 35 /jl, [b] width

2i/i, (c) free flagellum 11 /i, (d) aflagellar part 4)u; fig. 18,

(a) 40^, {h) 21/./, (r) 16 /u, (d) 3/u; fig. 6, (a) 39 /u, {b) 3 ^,,

(c) 9^fi,(d)6fi; fig. 17, (a) 42 /u, (&) 3i /u, (c) 12/., (d) 4/u;

fig. 19, (a) 43 n, (/>) 4//, (c) 11 fi, {d) 5h fx. It will be noticed

that the length of the free flagellum may vary not inconsider-

ably and apparently indiscriminately in these forms. This

point was referred to in describing the cultural forms of T.

f ringillinarum ; and we think it is most probable that the

explanation given in that case holds here also, namely, that

the different length of the flagellum in what are otherwise

simibn- individuals is chiefly the result of the unequal splitting

of this organella in dividing parasites.

In T. fringillinarum, it may be remembered, certain of

the small forms occurring in the bone-marrow, which were

broader and more stumpy than the others, were found show-

ing unmistakably commencing division (cf. fig. 54 of the

earlier memoir). Hence, as regards the corresponding small

forms from the little owl, it is most likely that they also

divide by binary fission, although apparently most infre-

quently. We have not been able to secure as marked indica-

tions of the process as were obtained in T. fringillinarum,

but we have found individuals Avhich are broader or stouter

than the rest, some of which showed the kinetonucleus

double (fig. 16). Just as in the case of the chaffinch-parasite,

these 'small trypanosomes are the only type of form in which

we have been able to find even a hint of binary division.

Next, Avith regard to the large " blue " parasites, these also

can be undoubtedly linked up to medium-sized, slender forms

by intermediate stages, such as those shown in figs. 9 and

28. The measurements of these two individuals are as

follows: Fig. 9, length 43 //, width 3^ /u, free flagellum 7 /u,

aflagellar prolongation 8 /u ; and fig. 23, length 39 fx (at
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least) ,^ breadth 4^ ^, free flagelium 7 fx (at least), and aflagellar

portion 6 fi. It will be seen that from medium-sized forms,

such as those of fig's. 6, 17 and 5 (which have not attained the

extremely elongated appearance presented by this type, when
fully developed), it is a very slight step to the "blue" forms

of tigs. 9 and 23.

The latter type arises, we should say, principally by an

increase in bulk or density of the general cytoplasm of the

body, which results in a distinct alteration in its staining

reaction (chiefly by Giemsa). It is important to note that

this in no way involves a contraction in length, i.e. there is

no shortening of the body to compensate for increased stout-

ness. On the contrary, in the larger individuals the whole

body, including the aflagellar portion, is found to have

increased in length as well as in width or bulk. We shall

have to refer again to this point when subsequently criticis-

ing Zupitza's paper.

In the later owls (Nos. 19 and 23) the trypanosomes are in

a quite different phase—that is to say, the parasites are in what

we regard as the summer condition. We have not observed

any individuals either of the slender, medium-sized variety,

or of the large blue type ; both these forms appear to be

entirely absent. Neither do most of the pai-asites present in

these later owls quite correspond to the small forms occurring

in the earlier birds, though in all probability they are

developed from the latter type.

The summer forms of trypanosome (figs. 12, 13, 29-31,

40-42) are all fusiform and stumpy in character, with the

kinetonucleus situated near the abruptly pointed aflagellar

end; nearly all the individuals observed, however, are dis-

tinctly larger than the small forms above described. More-

over, the body, instead of being a fairly slender spindle, is, in

most cases, comparatively thick or stout in proportion to its

length. This character may appear to be very marked, both

' The total length of the parasite, as also the length of the free

flagellum, is probably a few /* longer, since the end of the flagellum

pasess over the nucleus of a blood-cell, where it cannot be traced.
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among the smaller and tlie larger individuals met with, so

much so that many of these parasites show in stained pre-

parations what has been described as a leaf-like appearance

or shape (figs. 12, 30, and 31). This is seen chiefly in smears

made from the peripheral blood, and is only exceptionally

found in the case ot" individuals on smears made from the

bone-marrow. Here also we have come to the conclusion

that this wide, leaf-like appearance is largely or almost

entirely due to tlie (artificial) llattening-out of thick, fusiforui

parasites on thinly spread smears. This view is borne out by

a comparison of this type of parasite as it occurs in films

prepared by the wet method and stained by ii'on-hasmatoxylin.

All tlie parasites observed have the form of a stout spindle

(figs. 40-42) ; but no leaf-like individuals have been seen on

wet films. Moreover, in the leaf-like forms the tropho-

nucleus appears more or less transversely elongated (figs. 12,

29, 30), which is nevei" the case in any other form of the para-

site; compare Minchin (13, p. 17) on similar forms of

Trypanosoma percae. Hence, in arriving at a correct esti-

mate of the proportions of the summer type of the parasite,

such flattened-out individuals are best left out of considera-

tion, since their breadth probably appears considerably

greater than is actually the case.

Fig. 13 shows the typical appearance of a trypanosome of

this stout, fusiform type, this being a fairly large individual.

Its length is 32//, greatest breadth or thickness (including

the undulating membrane) 4| /n, and the length of the free

flagellum 9 /x. Rather smaller parasites are seen in figs. 25

and 26, the former being 30 ju long, 4j^t broad, and the free

flagellum 7 fx, while the latter is 34// long, accounted for by

the much longer flagellum of 12/t, and 4-h fx broad. Of

the flattened, more leaf-like individuals those of figs. 31

and 30 correspond in reality closely, we have no doubt, to

the above-mentioned parasites. The former is 32 n long, the

free flagellum being Qh /x, and its width appears to be 6i//;

the latter is 29h fx long, the flagellum being 8 fx, while the

width is apparently as much as 7h fx. This latter parasite
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shows, it will be noticed, the curious chain of granules

running parallel to the flagellar border, which was frequently

observed in the case of the corresponding forms of T.

f

r

ingillinaruiu. The smallest trypanosome of this type

which has been observed (fig. 29) also happens unfortunately

to be on a thin blood-smear,^ and is leaf-like. It is only

2Sh n long, the free flagellum being 6i fx, and it appears

to be as much as 6i fx wide ! Individuals as small as this are

very exceptional ; the majority appear to be of much the

same size, having an average length of about 30^, and not

differing greatly from the dimensions given above.

Comparing now this type of form as it occurs on wet films,

we find, as already indicated, that all the parasites are fairly

uniform in size and appearance. They show well the typical

thick, fusiform shape of the body. They also exemplify

another important point, namely, the considerable shrinkage

in size which is undergone by the trypanosomes in the course

of preparing the wet films. The total length averages about

23/^, the individual of fig. 42, for instance, being 25 /z

long by 4J ^t broad, while that of fig. 41 is 20i ^ by 3f^.
We have no hesitation in comparing these forms with

the average-sized ones of the dry series—say, for instance,

figs. 13 and 30 respectively. It might be thought, perhaps

that the parasites of figs. 40-42 corresponded rather to

the very small individual of fig. 29. We certainly do not

think so. We have only found such a small form in that one

case, the average size being considerably larger (longer), and

the wet films were made at the same time as the Romanowsky

ones. Further, as was shown above, there is relatively quite

as great shrinkage in what are undoubtedly medium-sized

slender forms and large "blue" ones (i. e. types found in

the earlier birds) on wet films.

A feature in which the stout spindles differ markedly from

the slender small forms is the much larger size of the tropho-

' On one or two thick blood-smears which were made, nearly all the

pai'asites have the more typical form, only a few individuals in the

thinner parts tending to he flattened out.
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nucleus, particularly of the karjosome. This is well brought

out by irou-h£ematoxylin-stained films (figs. 40-42), but it is

also seen iu those Giemsa-stained individuals in which the

Text-fig. 1.
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Scheme showing the difEerent types of form of Trypanosoma
noctual and their connection with one another.

karyosome appears as a clear area in the nucleus (figs. 12

and 13).

General Considerations.

The principal conclusion at which we have arrived in this

paper is that all the different forms of trypanosome in the
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blood of Athene noctua belong to one and the same

species, for which we use the name Trypanosoma noctuae,

Schaudinn, in spite of the differences between Schaudinn's

figures a!id ours. Above is a sclieme showing the connection

between the different types of individual here described.

The stout spindles, which are the only forms we have

found in the summer condition of the trypanosome, and
which occur, it will be remembered, also in tlie general

circulation, are undoubtedly a transmissive phase of the

})arasite ; on passing into a mosquito (Culex) they give rise,

as will be shown in a subsequent memoir, to the develop-

mental forms characteristic of the Insectan host. It is

interesting and important to note that an exactly similar

state of affairs was found to be present in the trypanosome of

the chaffinch in its summer phase (cf . Case B in the former

memoir)

.

As indicated in the scheme, these stout spindles arise, we
feel practically certain, from individuals of the small fusiform

type, such as occurred in the earlier birds, their development

being along rather a different line from that leading to the

mediimi-sized and large "blue" types (the eai*ly spring

phases). Individuals such as that shown in fig. 27 are

clearly transitional between the small type and the fully-

developed stout spindle. While the parasite increases in

length to a certain, but not very great extent, the principal

direction in which growth or development takes place is a

pronounced increase in thickness or stoutness of the body

(cf. figs. 32 and 33 and 40 and 42 respectively, from wet

films).

Zupitza (loc. cit.) has, it seeins to us, a quite erroneous

idea about the origin of these stout forms (and, what are the

same thing, the leaf-like forms). He considers them as being

later (older) stages of long, slender (so-called " spirochaeti-

form ") parasites. They are regarded as being developed by

a process of thickening or swelling of the body-protoplasm,

chiefly in the middle ; concurrently the kinetonucleus is

pushed further towards the aflagellar end, and the delicate
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aflagellai' prolongation is gradually lost, this region of the

parasite ultimately taking on the short, abrupt appearance

characteristic of the stout spindles. AVe certainly have never

found any indication of such a process, either in the tiypano-

some of the little owl or in T. f rin gillin;i rum from the

chaffinch. In those types of form which develop a marked
aflagellar prolongation, this becomes distinctly more pro-

minent with the growth of the individual, corresponding with

the increase in size of the rest of the body. This is the case

both with the medium-sized, tapering forms (which Avere

termed "definitive" forms in the first memoir [18]), and the

massive "blue" forms, as is clearly shown by a comparison

of the series of figures, both of the parasite of the owl and

4lhat of the chafiinch. On the other hand, in tlie case of both

the distinct tr^'panosomes with which these studies have been

concerned, the stout spindles can be readily connected by

transitional forms with the small fusiform type (of. par-

ticularly the figs. 5, 6, 42-44 of T. fringillinarum, which

show a complete series of intermediate stages). Another

point to be noted is that the larger individuals of the slender,

tapering type have considerably more bulk than the smaller

individuals of the stout spindle type, and could by no

possibility become the latter. Zupitza^s account gives,

indeed, a somewhat confused idea of the different phases of

Avian trypanosomes and their relation to one anothei-. This

is parti}' due to the fact that he compares trvpanosomes from

quire different hosts as if they were all phases in the life-

cycle of one and the same parasite, without having regard to

possible differences in size of the various forms, instead of

studying the same form in the same host through different

seasons of the yeai-.

We have not been able to observe the condition or phase in

which the trypanosomes occur in the owl in the early autumn,

not having had any infected birds at this season. Hence, we
do not know what becomes of the stout spindles, which do

not pass into the Insectan host. As was discussed in the case

of T. f ringillinarum, we think it quite likely such forms
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ma}' develop further into large ^^blue" forms; these wei'e

found in the general circulation in the autumn in the case of

T. frin gillinarum .

The chief, and, indeed, about the only point of difference

between the trypanosome of the little owl and T. f ringil-

linarum, so far as we have observed the two parasites, is

that in the latter species the massive forms were not found in

association with the small forms and the medium-sized

("definitive'') individuals in the early spring, as in the

former parasite. It is quite possible, however, that these

forms could be found at that period in T. f ringillinarum

also.^ Hence we do not now consider that there is much to be

gained by continuing to distinguish the medium-sized slender

individuals as " definitive " forms. In the case of the owl-

trypanosome this phase does not appear to be so prominent or

persistent as Avas found to be the case in T. frin gilli-

narum. It was mentioned in describing that species that

the "ordinai-y" forms, as they were regarded, might pass

later into the massive " blue " type. As we have shown above

in the present case there is undoubtedly a transition from

medium-sized slender forms to the hirge blue type; though

we are uncertain whether the former phase in its most fully

developed condition (cF. figs. 7 and 8) undergoes this

further development.

From the marked correspondence as regards the different

types of form which we have found in the case of two species

from widely different hosts Ave venture to think that the

schejne drawn up on p. 17G may be regarded as applicable in

the main to other Avian trypanosomes, and may ])erhaps be

taken as indicating typical phases in the life-cycle occurring

in the bird which are common to most species. Reading

Zupitza's paper in this light Ave find that several points of

agreement Avith our results are shown by the parasites Avith

Avhich he worked. The same types of indi\'idual are described

' Since this paper was sent to press, one of iis (H. M. W.) has found

these large forms in a chaffinch infected with I. fringillinarnm early

in May.
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or figured under one name or another, and from one or moi-e

birds. The true stoufc spindles, it may be noted, whicli

type is distinguished by Zupitza as "T. avium minus"
occurred in most instances alone, just as we found to be the

case.^ Massive blue forms were also met with (termed in one

case ''T. avium majus" and in another T. ziemanni).
From the descriptions which have been given of the trypano-

some of the little owl and of T. frin gillinarum in this

and the preceding memoir, it will be cleai-ly seen, we think, that

these various names, sucli as T. avium minus, T. aviutn
majus, etc., can be regarded only as general designations for

different types or phases which occur in the life-cycle of, at

any rate, many species of Avian trypanosome. They do not

represent distinct and independent forms or varieties, A
further very important point brought out is that this applies also

to the tj'pe which has been hitherto distinguished as T.

ziemanni, '^T. ziemanni " is really only the large "blue"

phase of T, noctua?, the trypanosome parasitic in Athene
noctua. This is equally ti-ue, we have no doubt, for the

species parasitic in Syrnium al uco, whether that is to be

considered also as T, noctua?, or as being a distinct species,

-

Mayer (12), in his recent paper on the parasites of this latter

owl, which will be more fully dealt with in a subsequent

memoir, figures trj-panosomes which belong both to the stout

spindle t3'pe and to the large massive forms, the latter being

regarded as "Leucocytozoon-forms," i, e. as equivalent

to Schaudinn's T, ziemanni.
As we stated in the earlier part of this paper we have seen

nothing in the case of the parasites of the little owl to lend

any support to the view that these large trypanosomes are

actually connected with the Leucocytozoon ziemanni.
In the first place the latter parasite, in its large form, always

' Unfortunately we cannot gather from Zupitza's account whether
his birds were all examined at the same season of the year, or at difPe-

rent periods.

- If it is a distinct species, to it belongs the name T. avium, as

emended by Laveran (6).
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occurs in the gametocyte phase, i. e. in the character of male

Of female individuals which give rise only to the sexual

elements. Moreover, we have never found any corresponding

sexual difference among the massive trypanosomes which might

indicate that they were of male or female character. They
never show the marked differences in staining reaction pre-

sented by the Leucocytozoon.
We may repeat, therefoi'e, that '^T. ziemanni" is to be

regarded only as a phase or type of form of T. noctuae, just

as similar large forms occur in T. f ringillinarum; and

again, for instance, in the trypanosonie parasitic in Eury-
stomus afer (allied to the roller-bird), where they are also

regarded by Zupitza (loc.cit.) as '' Leucocytozoon-
forms " and designated "T. ziemanni"!^

In view of the sfeneral aofreement which we have found

between the different types of T. iioctuas and those of T.

f ringillinarum, why, it may be asked, do we not regard

both these parasites, for instance, as belonging to the same

species? We feel practically certain that they are quite

distinct forms for the following reasons : First, on the

ground of their occurrence in very different birds, the hosts

being respectively little owls (and perhaps also other owls),

and chaffinches (and also redpolls and perhaps other Frin-

giUinte). Secondly, we have on several occasions inoculated

a little owl, free from any blood-pnrasites, with cultural forms

of T. f ringillinarum , but have been unsuccessful in obtain-

ing any development of the trypanosomes in the biid. Lastly,

on morphological grounds, the various types of form of T.

noctuEe appear to attain a slightly but distinctly lai-ger size

than do the corresponding types of T. f ringillinarum

so far as we can judge from our own observations. This

is seen from the following table comparing the two sets of

forms :

^ In any case, it is most unlikely that this parasite, occurring in a

quite different bird, would be the same species as Schaudinn"s " T.

zeimanni."
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Type of form.
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[All the figures relate to Trypanosoma noctuse, and are magni-
fied 2000 times linear. "We are indebted to Miss Rhodes for kindly

drawing and colouring most of the figures on PI. 20, and for drawing
two or three of those on PL 21.]

PLATE 20.

Figs. 1-11 are from owl 8 ; figs. 12 and 13 from owl 23.

(All the figures are from preparations stained by Giemsa.)

Figs. 1-3.— Small forms (small spindles).

Fig. 4.—Ti-ansitional form from small fusiform type to slender,

medium-sized type.

Figs. 5 and 6.—Young individuals of the slender, medium-sized type

(not fully developed)

.

J'igs. 7 and 8.—Fully developed individuals of the medium-sized

form ; the individual of fig. 7 is probably a little flattened.

Fig. 9.—Small individxial of the massive " blue " type (c f . with figs. 5

and 6).

Figs. 10 and 11.—Large individuals of the massive " blue " type ; the

latter shows indications of the longitudinal bands in the cytoplasm.

Figs. 12 and 13.—Stout spindles (early summer phase) ; the former is

a typical, full-sized individual ; the latter is flattened out (so-called leaf

form).

PLATE 21.

Figs. 14-17, 19 and 20, 22-24, 32-36, 38, 39 and 44 are from owl 8

;

figs. 18, 21, 37 and 43 from owl 13 ; figs. 25 and 26 from owl 19 ; and

figs. 27-31, 40-42 from owl 23.

(Figs. 14-31 are from preparations stained by Giemsa.)

Figs. 14 and 15.—Small spindles.

Fig. 16.—Small spindle, just commencing division; there are two
kinetonuclei, and apparently the karyosome in the trophonucleus has

also divided.

Figs. 17-19.—Intermediate stages in the growth of the medium-sized

slender type.

Figs. 20 and 21.—Fully developed medium-sized forms.

Figs. 22 and 24.—Massive " blue " forms.

Fig. 23.—Small individual of the same type.

Figs. 25, 26, and 28.—Stout spindles.

Fig. 27.—Transitional form from small fusiform type to stout

spindle.
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Figs. 29-31.—Stout spindles, more or less flattened-ont (leaf-like)

;

the individual of fig. 29 is the shortest of this kind found.

(Figs. 32-44 are from preparations stained by irou-hsematoxylin.)

Figs. 32-35.—Small spindles.

Figs. 36-39.—Medium-sized slender forms.

Figs. 40-42.—Stout spindles.

Fit's. 43 and 44.—Massive " blue "' forms.
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f 71

\_From the Piioceedings of the Zoological Society oe Loxuoif,

1911.]

[Publisbed September 1911.]

Oil a -ii'iiiquG I'atliolotjical Coadition in a Ilare.

(Text-figure 165.)

Dr. William Nicoll, M.A., F.Z.8., exbibited some pre-

jiarations from a Common Hare [Lepus eiiro])CP,as), whicb sbowed

an interesting and unique pathological condition. The hare was
obtained l)y W. Raphael Muckley, Esq., and sent by him to the

British Museum, whence it was forwarded to the Lister Institute

of Preventive Medicine. The manner in which the hare died

w-as somewhat remaikable. It was observed by Mr. Muckley to

pitch violently out of a hedge on to the roadside where it lay

struggling, and it died about three hours later. To him the

symptoms seemed to point to poisoning. At the post moi-ton

examination the liA^er Avas found to be extensively invaded Avith

small Avhitish chalky deposits of A'ai'ious sizes, especially con-

spicuous on the posterior surface. Theie was also a considerable

amount of chronic inflammation around the liver, with adhesions

to the diaphragm. On section the liver Avas friable and gritty.

The concretions Avere amorphous and insoluble in acid. The bile-

ducts .showed some fibrous thickening. On microscopic exam-
ination of a scraping from the liver, numei'ous ova of peculiar

structure Avere seen. They Avere fairly uniform in size, measuiing
•057 X "033 mm. At first sight they bore a considerable lesem-

blance to the eggs of Trkhuris [Trichocephalus) or IVicliosoma,

but on more careful inspection they presented one or tAA'o unusual

features. The colour AA-as much lighter, being greyish instead of

brown. The shell consisted of tAvo layers, the outer of which
was marked Avith pronounced radial striations; the inner was

[21
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constituterl of fine concentrically-arranged lamelhv. The two
layers weie not in close apposition but were sepai-ated by a

narrow, somewhat irregular space. The egg is thus provided

with a double shell. At each pole of the egg there was a small

circular aperture, piercing both layers of the shell. The external

surface of the shell presented a well-marked papillated appear-

ance, the papillaj being irregularly rounded. Inside the shell

Text-%. 165.

M.R., (i,>l.

Efigs of a Nematode worm from the liver of a Hare.

A. Kxttrual surface of egg. B. Optieal section of egg : two-celled stage.

C. Egg in four-celled stage with thickened inner wall ; from vagina.

there was a thin, continuous membrane investing the egg. The
polar ai^ertures were each closed by a plug of homogeneous
material which was separate and distinct from the membi-ane
investing the egg-cells. They completely filled the apertures but
did not bulge beyond them. The eggs were mostly in the two-

celled stage, but a number of them showed four cells.
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From the appearance of the eggs it is obvious that the lesions

wei^e clue to a Nematode worm of the Tridiosoma group. Search

was accordingly made and a number of worms were obtained. In

every case, however, they were fragments lacking the anterior

and posterior extremities. The longest specimen measui-ed

27 mm. It was a female, full of eggs, and it was very slender.

It was narrowest at the anterior end (-14 mm.), the breadth

increasing gradually towards the posterior end where it was
•"23 mm. The cuticle was marked throughout with fine annular

striations. The vagina was of considerable length but no genital

aperture was seen, so that it must have been far forward. In

the vagina a number of eggs were present, which were much
larger than those first seen. They measured •070-'078 x '040-

045 mm. The shell, too, was much thicker, the increase being

almost entirely due to a great thickening of the inner layer.

The polar apertures were somewhat reduced in size and the eggs

were for the most part in the four-celled stage.

The lesions in tlie liver showed much resemblance to those

seen in advanced stages of coccidiosis, a xevy common condition

in rabbits. For this reason they might readily be diagnosed as

such on cursoiy examination. This, so far as can be gathered, is

the first i-ecord of such an infection of the liver of hares or rabbits

by parasitic nematodes of this kind.

An analogous condition has not infrequently been met Avith in

rats, and has been reported from Europe, India, and Australia.

No record has been made of its occurrence in this country.

Whether this parasite in the hare is the same as that in the

I'at must remain doubtful, for the descriptions of the latter have

hitherto not paid much attention to the character of the eggs

beyond mentioning that they resembled those of Trichosoma.

An attempt is being made to hatch the eggs and to produce

infection in rabbits and rats, but the development is extremely

slow even at a constant temperature of 26" C.

In addition to the lesions in the liver the hare had a very

heavy infection of TrichostrongyJus retorta'formis in the intestine

and a slight intestinal infection with Coccidium cuniculi. The

intestine and the appendix, moreover, showed a large number of

small calcareous patches, but on examination nothing of a parasitic

natui-e could be detected in the patches. This was of interest

from the fact that I had already seen similar patches in the

caecum of a Variable Hare, sent me from the Society's Gardens.

The liver, unfortunately, was not submitted for examination.

That these patches might have something to do with the liver

condition was not impossible, for they might be considered as

degeneration following injury such as the passage of a worm
through the intestinal wall.

The hare, further, showed signs of recent parturition and there

was a septic condition of the uterus, and it must remain an open

question as to whether death was due to this or to the liver

disease.

[4] . ._
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IFrOiil the PllOCEEDIX(iS OV THE ZoOLOGIf'AT. SOCIETY OF LOXDON, /

1911.]

[Published September 1911.]

On Three New Trematodes from Eeptiles.

By William Nicoll, M.A., D.Sc, M.B., F.Z.S.*

(Plates XXVII. & XXVIII.t)

The following notes were made on a collection handed over to

me by the Prosector of the Zoological Society. In no case was
the habitat noted, but from their affinities it may be presumed
that the specimens all came from the lungs, the mouth, or the

(esophagus. The specimens are interesting as forming an im-

portant addition to our knowledge of the large variety of forms
which inhabit the air-passages and anterior end of the alimentary

canal of reptiles and batrachians. To the taxonomy of this

particular group Odhner has recently (1910) made a valuable

contribution, which will be further referred to later.

The first species is from the Hog-nosed 8nake {Heterodon

jilaUfrhinus), and I include it provisiou illy in the genus Leckri-

orchis Staflbrd, 1904. Like most of 8tatlbrd's genera, this genus
is insufficiently defined, although the fact that he includes in it

the well-described species L. {Renifer) elonyatus Pratt, 1903, is

something to go upon. It is, therefore, necessary to amend
Staftbrd's definition somewhat, as follows.

Genus Lechriorchis Stafford, 1904.

Resembling Renifer Pratt, 1903, except in the following

particulars. The intestinal divej'ticula extend a shoit distance

beyond the testes ; the genital aperture is further from the edge

of the body, midway between it and the pharynx ; there is a well-

developed vaginii.

These constitute, as far as appears, the only differences between

the two genera.

Lechriorchis validus, sp. n. (Plate XXYII, figs. 1-5.)

This is a species of moderate size, measuring 3'6-7"4 mm. in

length by "9-1 "4 mm. in Vjreadth. The smallest specimens had

just begun to produce ova, so that tlie minimum adult size is

probably about 3 mm. The body is elongated, the length being

4-5 times the breadth. The latter is comparatively unifoiiii, but

the tail is distinctly pointed. The anterior end is more ronnded,

while there is a tendency for a slight narrowing to occur about

or behind the ventral sucker. In young specimens the body is

flattened, but it becomes much thicker as the uterus increases in

size. In transveise section an adult specimen presents a strongly

convex dorsal surface and a fiat or slightly convex ventral surface.

* From the Listor Institute of Preventive Medicine, London,

t For explanation of the Plates see p. 686.
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The cuticle is fairly thick, somewhat decidiious, and is studded

thi'oughout its whole extent by stout salient spines. These are

regularly arranged, and become sjiarse towai'ds the posterior end.

The undei'lying musculature has the usual formation.

In an average adult specimen of 6*5 mm. length the oral

sucker has a diameter of "45 mm. It is subterminal, globular,

and its apertui-e has a marked muscular rim. The thickness of

its wall is about "13 mm. In the same specimen the ventral

sucker measures "66 mm. It is also globular, slightly flattened,

and its wall is "18 mm. thick. The sucker ratio is, therefore,

very appi-oximately 2 : 3. The diameter of the sucker relative to

the body-length diminishes as the animal increases in size.

Thus, in the smaller specimens the ventral sucker is y of the

body-length, Avhile in the largest it is only j^j-. The ventral

sucker is situated about ^ of the body-length from the anterior

end. In this respect, again, the young specimens difler from the

older ones in that they have the ventral sucker relatively further

back.

There is a very short prepharynx ; usvially the pharynx is

contiguous with the oral sucker, and it measures •23x*17 mm.
The oesophagus is about | of the length of the pharynx, although

it is longer in young specimens. The intestinal bifurcation takes

place well in front of the ventral sucker. The intestinal diverticula

i-un almost parallel to the edges of the body. They bend in a

little just behind the venti-al sucker, but they are jn-essed out

again by the testes. At their termination, just behind the

posterior testis, they usually turn in a little. Their ends are

about f of the body-length from the posterior end. They are

comparatively narrow tubes, and their wall is crinkled on the

inner side. The outer side is plain. They are lined by a layer

of low epithelium. The oesophagus has the usual cuticular lining.

Throughout their whole extent the diverticula are somewhat
ventral in position.

The excietory system is characteristic and agrees with Odhner's

supposition as to its form in the group to which this species belongs.

The vesicle consists of a fairly broad main stem, ojjening at the

tip of the tail and passing forwards to the shell-gland, Avhere it

divides into two limbs. These diverge to form a Y, and each passes

over the edge of the ventral sucker and terminates halfway

between the sucker and the intestinal bifurcation. The main stem

is pressed close to the dorsal surface, but the limbs are not quite

so dorsal in position. They eventually come to lie close up to the

intestinal diverticula and separate these from the uterus and
cirrus-pouch respectively (PI. XXVII. fig. 4). The main stem is

much compressed dorso-ventially, but the limbs are round or com-

pressed transversely. In addition to this central system, however,

numerous latei'al twdgs are given ofi' from the stem and limbs.

These all radiate outwards towards the edges of the body, dividing

and subdividing and eventually forming an intricate anastomosis

(PI. XXA^I. fig. 3). The entire lateral fields of the body are thus

filled with a complex network of excretorv tubes, and the amount
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of parenchym.atons tissue is very much reduced. This is more
particularly the case in the post-acetabular region. It gives rise

to a reticulated appearance, which is strikingly seen in young
specimens (PL XXVII. fig. 1). In older specimens it is obscured

by the growth of the uterus.

The genital glands are difficult to distinguish in the adult, but

are easily seen in younger specimens. The testes lie not very far

behind the ventral sucker, near and internal to the ends of the

intestinal diverticula. They are obliquely situated, the left testis

being half its diameter in advance of the right, and they are

sepai-ated from each other by the uterus. In a young specimen,

the utei'us being narrow, they lie quite close together, but they

are pressed further and further apart by the growth of the uterus.

They are flat, elongated oval bodies measuring at least "8 x "4 mm.
Their outer margin is plain, but their inner mai-gin is indented

in one or more places, so that the outline is somewhat irregular.

At first they lie almost flat in the body, but the exjmnsion of the

uterus pushes their inner border towards the dorsal surface so

that eventually they are considerably tilted.

The genital aperture is situated on the left side midway between

the pharynx and the edge of the body. It is always on the level

of the pharynx. The cirrus-pouch is of considerable length, and

is a conspicuous object. It is elongated, somewhat slender, and

extends tt) the middle of the ventral sucker. Its wall is remarkable

for the great development of the longitudinal muscular fil)res,

which are stout and very prominent. The circular fibres are

much smaller. Within the pouch there is a more or less highly

convoluted vesicula seminalis. Usually it is simply bent double

(PI. XXYII. fig. 2), but frequently it is much more twisted. It

is small compared with the size of the cirrus-pouch. It is not

much dilated, and it is connected with the pars prostatica by

a narrow duct. The pars prostatica is of relatively great length.

It is an almost straight tube extending from a little in front of

the ventral sucker to the point where the ciiTUS-pouch crosses the

left intestinal diverticulum. It is uniform and fairly narroAv.

Surrounding it are numerous prostatic cells which fill up the

greater part of the cirrus-pouch. The ductus ejaculatorius is

short and narrow, and the exsertile, unarmed cirrus is not very

long. The genital sinus is quite small.

The ovary is situated just behind the end of the cirrus-pouch,

over the right posterior quadrant of the ventral sucker. Half of

it lies beyond the sucker, and it frequently overlaps the adjacent

intestinal diverticulum. It is an almost globular body, somewhat

flattened dorso-ventrally, and is about half the size of the testes.

Behind and internal to it lies a compact shell-gland, with a short

ootype and a Laurer's canal, but no receptaculum seminis,

Laurer's canal is short and opens dorsally in the middle line,

about the level of the ovary. A small yolk reservoir lies dorsal

to the shell-gland. The yolk-glands are of limited extent. They

are entirely lateral and lie close to the outer side of tlie intestinal

diverticula. On each side there are about half a dozen ill-defined
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groups of follicles, which extend from mithvny between the

intestinal bifurcation and the anterior edge of the vential sucker

to near the ends of the intestines. The initial part of the utoiii«

is practically empty. In section it can be made out with difficulty

as an extremely narrow tube, passing backwards from the shell-

gland. Behind the right testis it widens out to form a recep-

taculum seminis uterinum, consisting of about fovir or five small

dilatations. Further back a few ova appear, bvit the uterus

still remains somewhat narro'.v. When it has nearly reached the

posterior end of the body it turns abruptly on itself to form an
ascending limb. Almost immediately this begins to dilate, and

it has only proceeded a short distance before it almost completely

fills the interior of the body. It passes forward, over and between
the testes, crosses the ventral sucker, and terminates in a straight,

thick-walled vagina, which is about half the length of the cirrus-

pouch, and lies on the left side. The uterus thus consists of

a descending and an ascending limb, the former being empty for

the greater pai-t of its length, and the latter being enormously

dilated. The increase in size, therefore, takes place, not by an
increase in convolutions, but by a great dilatation of the ascending

limb. The ova are very numerous, rounded oblong in shape, and
dark brown in colour. They have a large well-marked operculum.

]Vlany of them are moi-e oval than oblong, and this gives rise to

some variation in dimensions. From a large number of measure-

ments the limits were found to be •038-'045 mm. for the length,

and '018--023 mm. for the breadth, and the average '040 x •021

mm. The extreme sizes ob.served were •045x*018 mm. for the

most oblong ova, and -038 x '023 mm. foi the most oval.

No case of amphitypy was observed in any of the two dozen

specimens forming the collection. The nearest approach was in

one specimen where the testes were practically symmetrical, the

left being a trifle behind he right, but the ovary and genital

aperture w^eie normal. In all tlie other specimens the position

of these structures was exactly as I have described. The species,

however, is extremely variable in one respect, namely, the

posterior limit of the yolk-glands. Hardly two specimens agree

in this respect. In some specimens they extend a short distance

beyond the testes, in others they reach the middle of the posterior

testis, and again in othei-s they stop short of the testes. In

addition, they are very frequently asymmetrical, extending further

back on the right than on the left, or more rarely vice versa. The
fact, however, that their anterior limit is constantly symmetrical

induced me to consider a symmetrical posterior limit as the normal.

In two specimens also, the intestinal diverticula were of unequal

length, the left diverticulum being considerably shorter than tlie

right, which was normal. The position of the genital apeitui-e

varied only very slightly, and most of the apparent vaiiations

were due to contraction. The length of the cirrus-pouch was
practically constant, although in one specimen it extended nearly

to the posteiioi- border of the ventra.l sucker. The size of the ova

was constant within the limits noted, and no increase in size takes
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place as the animal grows older. The average size of the ova in

young specimens was found to be the same as that in fully grown
specimens, and I am inclined to view with some doubt Odhner's
statement (2. p. 59) that the ova in Renifer sauromates Poir.

increase in size as the animal grows older.

From Lechriorchis elonyatns Pratt, this species is distinguished

by having more unecpial suckers, the ventral bei"g decidedly

larger, the yoIk-g^.ands being more extensive, being present some
distance in front of the ventral sucker, and in having slightly

larger eggs. From L.jyriimis Staft'.,it appears to be distinguished

by its much smaller eggs, its smaller ventral sucker, and probably
in other respects.

The second lot of specimens consists of five from an Annulated
Snake [Leptodira anmdata). They bear a close superficial resem-
blance CO Lechriorchis validus, but they do not belong to the same
genus. The only genus to which they can at present be referred

is Ochetosoma Braun, 1902, but they do not entirely agree with
the definition of that genus as given by Braun. In internal

anatomy they correspond quite closely, but they are not nearly so

fiattened as 0. monstruosum Brn., the only species of the genus.

The only other genus to which they could be referred is Renifer

Pratt, 190.3, but from that they difier radically in the configuration

of the uterus.

Ochetosoma formosum, sp. n. (Plate XXVITI. figs. 6 k. 7.)

The body is elongated and slightly flattened. The length is

3*7-5*7 mm., and the greatest breadtli, about the ventral sucker,

is 1"1-1'6 mm. The breadth is therefore rather less than ^ of

the length. The body tapers gradually towards each end.

In an average specimen (length 4'5 mm.) the oral sucker has

a diameter of •45 mm., i. e. j-j^ of the body-length. It is glol, dar

and subterminal. The ventral sucker is situated l'7mm. [^from

the anterior end. It is slightly oval, the transverse diameter

being "64 mm., and the longitudinal "57 mm. The sucker ratio

is therefore approximately 3 : 4.

The cuticle is extremely deciduous ; in most of the specimens

it was almost entirely stripped off. Only in one Avas it intact, and
even then not completely so ; from this specimen the presence of

minute regular spines was determined.

There is a short prephaiwnx followed by an almost globular

pharynx, measuring '17x "16 mm. The a?sophagus is about the

same length as the pharynx ("2 mm.), and the intestinal bifurcation

occurs well in front of the ventral suckei". The diverticula

diverge prettj' widely, and they terminate almost immediately

behind the ventral sucker, the ends being somewhat turned in.

They are narrow and ii-regularly dilated, but there is noci-enation

on their inner wall as in Lechriorchis validus. They are lined by
low epithelium.

The excretory system is almost identical with tliat in Lechriorchis

validus. The vesicle consists of a similar dor.sal main stem, which
["51
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divides just behind the ovary into two limbs, wdiich pass forwards

a shox't distance in front of the ventral sucker. They are thus

not so long as in the above mentioned species. The main stem,

too, appears more expanded. There is the same system of

secondary lateral branches which anastomose freely in the sides

of the body.

The genital aperture is situated almost at the extreme left

margin of the body, on the level of the posterior end of the

pharynx. The genital sinus is very small. The cirrus-pouch is

very like that of Lechriorchis validus, but it is shorter. It is

usually disposed obliquely, and it terminates a short distance in

front of the ventral sucker, fI'om which its end is usually separated

by a coil of the uterus. In one specimen it almost reached the

sucker. It contains a small convoluted vesicula seminalis, ending

in a narrow portion which runs into the pars prostatica. The
latter is not so long as in the foregoing species, and it is more
expanded, especially at its posterior end. The prostatic cells are

numerous. There is a short ductus ejaculatorius, and an unarmed
cirrus of moderate length. The testes are situated just behind

the middle of the body ('3 mm. behind the ventral sucker). They
are symmetrical and lateral. They lie behind the ends of the

intestines, but are separated from them by folds of the uterus.

The length of each is about "5 mm. They are fairly thick and
elongated, and their outer margin is always distinctly divided

into three large lobes, which may in addition be slightly crenated.

The inner margins are completely obscured by the overlying folds

of the uterus.

The ovary is situated over the right posterior quadrant of the

venti^al sucker and projects half beyond it. It is obliquely ovoid

and measures "24 X '17 mm. A large shell-gland liesclo.se to its

inner side. The yolk-glands are entirely lateral and of limited

extent. They i-each from the anteiior border of the ventral

sucker to about the middle of the testes. Again in this species,

however, the posterior limit is extremely variable, and may be

anywhere between the anterior and posterior borders of the testes,

but never beyond them. The anterior limit is practically con-

stant. The uterus fills almost the whole of the post-acetalndar

region, but its configuration is entirely different from that in

Lechriorchis. Here, again, the descending limb is small and
almost empty ; reaching the posterior end of the body it turns

into the ascending limb. In this case, however, accommodation

for the enormous number of ova is obtained not by excessive

dilatation, but by numerous convolutions, the diameter of the

uterus not being very greatly increased. The convolutions have a

markedly transverse disposition, extending from side to side of

the body. In the region of the testes the convolutions are shorter

and stouter. An additional small convolution is formed in front

of the ventral sucker. The uterus terminates in a well-marked

vagina, which is about a third of the length of the cirrus-pouch.

The ova are very like those of Lechriorchis vcdidus, but are usually

more oval. They have a large distinctly-marked operculum, and

[6]
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tltoy vary in length from -034 mm. to "042 mm. by "017 mm. to

•021 mm. in breadth. The average is about •4x *2 mm.
In this sjiecies, again, no case of amphitypy was observed, and

the only pronounced variation was in respect of the posterior

limit of the yolk-glands as described above.

The species obviously presents a close resemblance to the genu.s

llenifer Pratt, sens, strict. In the shortness of the intestinal

diverticula, the symmetrical situation of the testes, and the
extreme lateral position of the genital aperture, the agreement is

complete. The essential difference lies in the configuration of the
uterus. Eenifer elliplicus Pratt, the type species, is unfortunately

not fully grown and the ultimate disposition is not apparent. In
R. saioromates Poirier, the uterus is of the vsame type as in

Lechriorchis valichis, and if this be taken as characteristic of the

genus, then O.formosum must be separated from that genus.

It is evident that the three genera Eenifer, Lechriorchis, and
Ochetosoma are somewhat closely related, and they differ from all

the other members of the family Lepodermatidaj in the extieme
lateral and forward position of the genital apeiture. They
evidently form the nucleus of a gi'oup, but the extremely profuse

variety met with in the family renders it somewhat difficult to

divide it into definite subfamilies. Provisionally, however, these

three genera may be classified under Pratt's subfamily Ileniferina\

That Fneumatop?iilus Odhn., and Le.ptojihalhts Liihe, are to be
included along with these, as Odhner has indicated (2. p. 56),

appears to me somewhat doubtful.

The third form which I have to describe here is one of very
great interest. It was obtained from a Diamond Water-snake
(Tropidonotus rhomhifer) from Kortli America. The habitat,

unfortunately, is not recorded. It beai-s a certain resemblance to
the foregoing species, and belongs to the family Lepodermatidje,
but it possesses an individuality sufficiently marked to constitute

a distinct generic type.

Dasymetra coxferta, gen. et sp. n. (Plate XXYIII. figs. 8-10.)

The collection consisted of about a dozen specimens, all of which
were mature, and measured 3"5-4-6 mm. in length. The bodv is

elongated, slightly flattened and of fairly uniform breadth. The
greatest breadth occurs about the middle and is 1-1 '4 mm. The
length is therefore about 3| times the breadth. The cuticle is

beset throughout its whole extent by long straight spines. It
appears to be somewhat deciduous, and in many specimens is

absent from a considerable part of the body, especially towards
the posterior end. Several specimens, however, retained the
cuticle and spines quite intact.

In a specimen of average length (4-2 mm.) the oral sucker
measures '56 mm. in diameter. It is globular, almost terminal
and not very muscular. The ventral sucker is practically of equal
size, if anything a trifle less. It is somewhat transveisely oval,

the dimensions being '52 x "57 mm. It is only ^slightly prominent,

[7J
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not very muscular, and is situated T? mm. from the anterior end.
The neck, therefore, couiprises | of the body-length.

The alimentary canal is highly developed. It consists t)f a very
short prepharynx, with an enormous pharynx measuring "IS mm.
in diameter. The oesophagus is shorter than the pharynx, l)eing

only about -2 mm. long. It is fairly wide, with well-developed

musculature and numerous peri-resopliageal cells. It divides into

two veiy wide diverticula, which extend along the sides of the
body to near the po.sterior end. From the latter they are

sepai-ated by a loop of the uterus. The ends are slightly inflated

and somewhat turned in.

The excretory system has the same general structui'e as in the

two pievious species. The main stem of the excretory vesicle

divides close behind the sheli-gland into tw^o limbs, which extend
a short distance in front of the ventral sucker. From the vesicle

numerous twigs are given off, which divide and subdivide in the

lateral fields to form an intricate anastomosis. The most peculiar

feature of the excretory system, liowever, is the pigmented con-

dition of the excretory tubules, which renders them strikingly

conspicuous and marlvs out their course with great distinctness.

This feature renders thespecies uniqueainongst the Lepodermatida\
The pigmentation is due to the excretory' granules, which are

almost black in colour, and which fill the tubules. Only a few of

these are to be met with in the vesicle. A main excretory tul)ule

runs along the greater part of the length on each side of the body,

ventral to the intestinal diverticula. In front of the ventral

sucker it divides into small branches, one of which runs ir to join

the ve.sicle, and another runs forward to the oral sucker. At the

posterior end it also divides in^o several branches. It is impossible

to say whether this pigmented condition occurs "n life or is

a post-mortem appearance, but it was certainly present in all the
specimens.

The genital apertuie is median, just over the intestinal bi-

furcation ('3 mm. in front of the ventral sucker). It shows
a tendency to be deflected very slightly to the left side. In every

specimen the long, thick cirrus w^rs exserted. The cirrus-pouch

is short and stout, in some cnses being almost globular. Its

posterior end lies dorsal to the middle of the ventral sucker, but

it may extend beyond this to almost the posterior border of the

sucker. The pouch has an external wall comj^osed of very thick

longitudinal muscle-fibres, with an inner layer of much smaller

circular tibi-es. It contains a small, slightly-coiled vesicula semi-

nalis, a small bulbous pars prostatica, wdth numerous prostatic

cells, and a long ductus and unarmed cirrus. As already men-
tioned, the latter was exserted in every case, so that the

arrangement depicted in fig. 8 (PI. XXVIII.) must be regarded as

hypothetical. The vesicula, prostate, and cirrus all have a very

well-marked layei- of longitudinal muscle-fibres.

The testes are situated obliquely, the left being well in front of

the right, but not entireh^so. The former lies about *3 mm., and
the latter "8 mm. behind the ventral sucker. They are large ovoid

[8J
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bodies, with entire margins, and their long axes lie nearly in the
longitudinal axis of the body. They measure -d-J mm. in length
and -i-'S mm. in breadth. They are most remarkable, however,
for their great thickness, which is equal to or greater than the
breadth. They thus occupy nearly the whole body-thickness, a
fact which prevents them being obscured by the uterus. They
are separated from each other by the wide ascending limb of the
uterus, against which they press, and their outer margins are
closely appo.sed to the intestinal diverticula.

The ovary is situated over the right jjosfcerior quadrant of the
ventral sucker, a short distance behind the end of the cirrus-

pouch. Tt projects well beyond the sucker, and is transversely

oval, measuring -35 mm. x '28 mm. It lies close up to the dorsal

surface of the body. Close to the inner side of the ovary and
a little behind it, lies a lai'ge shell-gland, with a short ootype.

A receptaculum seminis is absent, but Laurer's canal is present.

The yolk-glands are rather voluminous. They are entirely

lateral and peripheral, and they extend from the level of the
genital aperture, or rather behind it, to near the posterior border of

the right testis. Here, again, the anterior limit is fairly constant,

but the posterior limit is somewhat variable, less so, however, than
in the two species already described. The follicles are large and
arranged in regular dendritic groups. All the follicles are

connected up by short ducts. They lie close under the surface

of the body, extending widely under the dorsal smface, but Iieing

much more restricted ventrally, where they do not overlap the
iuner wall of the intestinal diverticula.

The uterus is large and voluminous, but is not much convoluted.

It is intermediate in type between that of Benife?' and Ochetosorna,

but resembling the former more than the latter. It consists of

n small descending limb, which has a doisal position and contains

a considerable numljer of ova. This runs to the posterior end of

the body where it forms a small convoluted knot, a fairly sym-
metrical pair of loops, one on each side, being thrown up towards the

ends of the intestinal diverticula. From this knot emerges the

a.scending limb, which rapidly widens but does not attain its

maximum width till it has passed in front of the teste.s, it is

never so enormously dilated as in Lechriorchis validus. Neai" tiie

middle of the ventral sucker it runs into a remarkably powerful

vagina, which is as long as or somewhat longer than the cirrus-

pouch. The vagina possesses unusually muscular walls, there

being a very thick layer of longitudinal fibres and an ecjualiy

thick layei'of circular fibres. It is suri-ounded by a great mass of

peri-vaginal cells, and it is lined by a thick layer of cuticle from
which small regular cuticular processes extend into the lumen.
The ova are numerous, dark brown and oval, with large well-

marked operculum. They measure •0.')."]--037 mm. in length and
•01G-'019 mm. in breadth, the usual size being "036 x '018 mm.

The genus Dasymetra may be defined as follows :

—

Lepodermatid?e; with moderatelv flattened body, entire! v covered
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with spines. Intestine with large pharynx and Avide diverticula

which extend near hut not qnite to the posterior end. Ex-
cretory vesicle Y-shaped with numerous side twigs. Genital

aperture median, a short distance in front of the Aentral sucker.

Cirrus-pouch short and plump ; vesicula and j)ars prostatica short

;

cirrus long. lleceptaculum seminis a))sent ; Laurer's canal

present. Yolk-glands extensive, dendritic, peripheral. Uterus

forming a small convoluted knot at the posterior end of the

body, with a wide unconvoluted ascending limb. Vagina long

and very muscular. Ova about '035 mm. long.

Type, D. conferta. sp. n.

The type-s{)ecimens of these species are deposited in the

Museum of the Royal College of Surgeons, London. Co-types at

the Zoological Society's Gardens.
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EXPLANATION OF THE PLATES.

The following letters appl}- to all the finrures :

—

-D.iSi^ Yolk-frlands. M.S.Ut. Ileceptacnliini seiiiinis

Ex. Excretory vesicle. utei-imim.

:Ba-.r. Excretory tubules. T., Tj, Tj. Testes.

J. I iitcstinal diverticula.
i

TJt. Uterus.

K.St. Ovary. Tg. Vairiua.

F.Fr. Pars prostatica. |
V.S. Vesicula scmiualis.

Plate XXVIL

LeehriorcJiis validus.

Fig. 1. Young specimen. Ventral view. X 25.

2. Adult specimen. Ventral view. X 20.

3. Transverse section near ends of intestinal diverticula. X o-"!.

4. Transverse section, imniediateh- in front of ventral sucker. X 50.

5. Ovum. X 500.

Plate XXVI IL

Ochetosoma formosum.

Fig. 6. Ventral view. X 30.

7. Ovum. X 550.
Dasymelrn conferta.

Fig. 8. Ventral view. X 30.

9. Transverse section, a little in fiont of ventral sucker. X 6").

lu. Ovum. X 500.
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The Permecibility of the Yeast-Cell.

By Sydney G. Paine, Resoarch Scholar in tlie Biochemical Department,

Lister Institute, London.

(Communicated by Arthur Harden, F.E.S. Received July 12, 191L)

The question of the permeability of plant membranes and of the proto-

plasm lining plant colls has received just attention from time to time, the

method usually employed being based upon plasmolysis, a phenomenon

first described by Nageli in 1855 (1), and subsequently investigated by

Pfeffer (2), De Vries (3), and Overton (4). The results of their experiments tend

to show that purely physical diffusion laws cannot always interpret osmotic

phenomena as exhibited by living plant cells, but that in some cases there is

evidence of specific permeability.

Nathanson (6) finds that the permeability of protoplasm for any substance is

not constant, but varies according to the concentration within and without

the cells, and he holds that these variations cannot be accounted for in a

purely physical manner.

In 1899 Overton (5), in a series of very comprehensive investigations,

observed the similarity existing between solutions in oils and in the

ectoplasmic layer of the cytoplasm; he showed especially that many

substances could be made to enter the plasma by dissolving them in oils,

and suggested the hypothesis that the absorption of such substances by

living plants might be due to the presence of lecithin and cholesterol in the

plasmatic layer. This hypothesis, however, does not account for the semi-

permeability exhibited by various plant membranes towards inorganic salts.

Again Adrian Brown (7) has shown that the seed coat of Hordcum vulgare

exhibits a remarkable degree of impenetrability to strong acids and to

metallic salts, while it admits of ready diffusion of such substances as

alcohol, aldehyde, acetone, iodine, and certain salts of mercury and cadmium.

Armstrong (8) has attempted to explain these results on the theory of

" hormones," but it appears to the author that strong support to Overton's

hypothesis is afforded by these experiments of Adrian Brown. It has been

shown by Overton that iodine and mercuric chloride, as well as the above-

mentioned organic substances, are readily soluble in cholesterol. Since these

include most of the substances which were found by Brown to be capable of

entering the barley grain, it seemed advisable to ascertain whether the

remaining substances found by him to enter the seed, namely, cadmium

iodide and trichloracetic acid, also possessed this property of solubility

h
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in oils. Of these, cadiuiuui iodide is not soluble in oil or cholesterol, but is

known to form a double compound with lecithin ; trichloracetic acid was

found to dissolve with great readiness in both xylene and cholesterol. It

would, however, be unfair to assume from these facts that the presence

or absence of cholesterol and lecithin in the cells is the determining factor

for the diffusion of these substances. It seems to tlie author more likely

that there may be some characteristic of the molecule, or possibly a

determinate size of particle, which gives to certain substances the property

of solubility both in oils and in living protoplasm.

Diffusion must play a very important part in tlic technique of cytological

investigation, since proper fixation depends largely upon the rapid and

uniform diffusion of such agents as mercuric cliloride, iodine, osmic and

chromic acids, etc. Variations in diffusion capacity may possibly account in

large measure for the differences observaljle under the influence of the

several filing agents. It is conceivable, for instance, that in nuclear

investigations the extreme sharpness of definition with which the astral

rays and spindle-fibres have been brought out by some workers may be due

to inferior fixation ; in other words, to a contraction along lines of dynamic

activity, wherein the protoplasm has become so altered as to possess a

coefficient of penetrability for the special fixing agent employed which is

different from that of the surrounding medium.

The primary object of this research has been to investigate the osmotic

behaviour of the yeast-cell towards those substances which have been

found to influence alcoholic fermentation. Harden and Young (9) have

shown that when phosphates, arsenites or arsenates are added to ' yeast-juice

and sugar a considerable increase of the rate of fermentation is produced.

When, however, these substances are applied to living yeast it has been

found that in almost all cases no such result occurs. Slator (10) has shown

that when neutral potassium phosphate is added to living yeast the only

effect produced on the initial rate is that of a small inhibition. Iwanofr(ll)

on the contrary, and more recently Euler and Lundeqvist (17), have

demonstrated a small increase in the total fermentation produced by

addition of phosphates to living yeast and glucose, but these effects are not

comparable with that produced on yeast-juice.

Another phenomenon of a similar character is observed in the case of

hexosephosphates, which are freely hydrolysed and fermented by yeast-

juice, but are scarcely affected by living yeast. As the formation and

decomposition of hexosephosphates plays an essential part in alcoholic

fermentation by yeast-juice, it is a matter of great importance to ascertain

whether these salts can penetrate the cell.



1911.] Tlie Permeability of the Yeast- Cell. 29

The Plasmolysis of Yeast ly Various Substances.

Preliminary experiments were first made on tlie degree of plasmolysis of

yeast-cells produced by immersion of the cells in solutions of different

substances. For this purpose equal weights of pressed brewer's yeast were

intimately mixed with equal volumes of the several solutions and allowed

to stand for varying intervals of time. Well-mixed samples were then

drawn up into capillary tubes of 10 cm. length, which were afterwards

sealed at one end and spun simultaneously in a centrifuge. The columns

of residue and of the clear liquid were then measured in millimetres, and

from these the ratio of the length of the column of residue to that of the

whole column (residue -f- liquid) was calculated.

In all these experiments wort and 7 per cent, alcohol were employed as

standards, the effect produced being practically the same.

Table I.

No.

22«
b

Solution.

Wort
Water
Alcohol, 7 per cent

Sodium cliloride, "3 molar...
0-1 „ ...

Sodium phosphate, '3 molar
0-1 „

Percenta
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cannot be taken as an expUmation of the diffusion phenomena. A possible

solntion of the problem lias already been advanced (p. 289).

It seemed desirable to ascertain whether these substances would act in a

similar manner towards the yeast-cell, it being at first thought that per-

manent plasmolysis of the cell might be taken as an indication that no

diffusion of tlie dissolved substance into tlie cell had occurred, an idea

which further experiments proved to be untenable (p. 294). The following

table contains the results of experiments with acetone, urea, mercuric

chloride, cadmium iodide, sulphuric and trichloracetic acids. Since the

volumes measured in the narrow tubes were very small, these experiments

were made on a larger scale ; 50 grm. of pressed 3^east were stirred up with

50 c.c. of solutions of the various substances which Adrian Brown found to

be of interest. They were allowed to stand for varying lengths of time in

the cold room at a temperature ranging from —2° to +2°, and were then

all spun smiultaneously in the centrifuge and the columns of residue and

liquid carefully measured. The corresponding volumes were ascertained by

gauging the capacity of the vessel.

Table II.

No.
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In the experiments with cadmium iodide and mercuric chloride con-

siderable plasmolysis occurred, but this fact cannot be taken to indicate that

no diffusion of these substances had taken place, since a marked change was

observed in the appearance of the yeast. The cells became much paler in

colour and more opaque, while the liquid assumed a dark brownish-grey

colour. From the solid appearance of the cells, it would seem that these

salts had penetrated through the membrane and coagulated and contracted

the cytoplasm ; this appears the more evident in the case of the relati\'ely

weaker solution of mercuric chloride, where plasmolysis went on slowly up

to the end of three hours, after which a strong and rapid contraction took

place. These facts are explicable on the assumption that the proteins of the

ectoplasm are slowly coagulated during the first three hours and by con-

traction leave open access for the solution to the inner layers.

In another series of experiments 10 grm. of pressed yeast were weighed

out into each of several Nessler glasses and treated with 20 c.c. of the

solutions tabulated below. The tubes were allowed to stand in ice water

during about 20 hours. They were then centrifuged in batches of four,

eoch batch being spun for exactly 21 minutes. The tubes were then

weighed, the liquids poured off into measuring vessels and the weights of the

residues ascertained by re-weighing the tubes.

No plasmolysis was produced by solutions of acetone, urea and tlie lower

concentrations of alcohol up to 10 per cent. With the higher concentrations

Table III.

No.

178,1
2
3
4
5

6

7
8
9
10
11

12
13
14
15
16
17

18
19
20

Solute.
Total

weight.

Water
Alcohol, 7 per cent

„ 10 „

„ 20 „

» 25 „

„ 30 „

Acetone, molar
Urea, molar
Glycerine, molar

„ y\j molar
Sulphuric acid, i molar
Acetic acid, molar
Sodium chloride, molar

„ -1^7 molar
Sodium acetate, molar
Sodium sulphate, i molar
Magnesium sulphate, molar . .

.

,,
-Jj niolar

Sodium phosphate, -^^ molar...

Sodium arsenate, j"j molar

29-8
29-5
29-3
29-1
29-0
28-7
29-9
29-9
29-8
29-7
30-4
29-8

30 5
29-9
30-4
30-9
31-5
30-9
30-4
30-4

Weight of

residue.
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of the latter plasmolysis was well marked, the effect increasing with

increasing concentration. Since no appreciable effect is produced by con-

centrations up to 10 per cent, it seems possible that diffusion of alcohol is

freely permitted. The plasmolysis produced by more concentrated alcohol

may be a result of changes in the molecular constitution of the protoplasm.

Comparison with the case of mercuric chloride tends to strengthen this

view.

The liability to plasmolysis by 20 per cent, alcohol exhibited by different

samples of yeast seems to vary with the physical condition of the yeast.

In the experiments given in Table III 10 grm. of pressed yeast were

stirred up with 20 c.c. solution, allowed to stand over night in the cold room,

and centrifuged next mornino-.

Table IV.

•

Solution.
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cells and in the liquid surrounding the cells would be necessary. Attempts

were therefore made to obtain the yeast-cells minus the litpid which

normally fills the interstices in an ordinary cake of yeast.

This was eventually accomplished by enclosing the moist yeast cake of the

brewery, or yeast obtained as residue after centrifuging, in chain cloth and

subjecting it to the pressure of a small hand press. A white friable cake

of yeast was obtained which appeared to be composed of dry cells. This

was proved to be the actual fact by the following series of experiments :

—

(1) Total solid estimations in the same pressed cake gave uniform results,

showing the cake to be homogeneous. (2) Two pressings of the same yeast-

paste gave dry pressed cakes with the same total solid content. (3) Samples

of brewery yeast were pressed out and subsequently suspended in the

expressed wort, centrifuged and again pressed out, the total solids in the two

press cakes were exactly equal. (4) Direct estimations of a salt solution left

in the interstices of press cake showed that the greatest volume of liquid thus

held by 100 grm. of dry pressed yeast was 0'5 c.c.

Method of Experiment.

The yeast was prepared by pressing out the cake of yeast as received

from tlie press of the brewery, washing being avoided in order to

prevent disturbance of the equilibrium of the cell contents. A considerable

amount of wort was thus removed. A known weight of this dry yeast was

then suspended in a certain volume of the liquid under experiment and

allowed to stand for about 20 hours in the cold, after which it was found that

osmotic equilibrium between the cells and the solution was attained. The

mixture was then centiifuged luitil the liquid portion was cleared from

suspended yeast-cells. The clear fluid was then poured off and the pasty

yeast residue was pressed out as described above.

In order to ascertain the weights of yeast-cells and li(|uid after the

experiment, and the distribution of the solute under examination, the follow-

ing determinations were necessary :—Total solid estimations of the initial and

final liquid, and of the initial and final pressed yeast, together with estimations

of the dissolved substance in the initial and final liquid, and, in all cases where

this was possible, in the initial and final yeast.

The assumption has been made that the total solid matter present in the

mixture remains constant during tlie experiment, an assumption only justified

when no loss of carbon dioxide owing to auto-iermentation of the yeast takes

place.
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Effect of Auto-fermentation.

A small loss of carbon dioxide, accompanied by production of alcohol,

does always take place, and the results are subject to error arising from

this cause. It was found by direct experiment that, under the conditions

employed, a maximum loss of about 09 grm. of solid was caused by

auto-fermentation.

A loss of 1 grm. in total solids during an experiment has been found

to produce a positive error of 5 per cent, on the calculated weight of

liquid outside the yeast-cells, so that the results to be given later must be

considered to be liable to an error of tliis order. To eliminate this

factor as far as possilile, the mixture was allowed to stand in the cold

room at a temperature ranging from — 2 to + 1°.

Calculation of the Forrav.lo. for Obtaining the Weight of Liquid outside the

^ Yeast-cells.

Let / = weight of initial liquid, g = weight of initial yeast, then the total

weight W = I + ij: and if ^ = percentage of solids in /, and e = percentage

of solids in y, then the total solid matter present V =-^+ :^j—.

Both these values W and V are assumed to remain constant during the

experiment.

Further, let L = weight of final liquid, Y = weight of final yeast, then

Y = W — L ; and if G = percentage of solids in L,and E = percentage of solids

T C YF
in Y, then the total solid matter V = —^ +—r-. Substituting for Y in terms

100 lUU
^

of "VV and L,

LG
,

(W-L)E _^,
100 100

whence L =— ~
, and Y is obtained by difference from W.

t, — G
Having thus calculated the weights of liquid and yeast at the end of

the experiment, the distribution of the substance under investigation,

before and after treatment, is found from the analyses of the initial and

final liquid and the initial and final yeast ; at the same time, any inter-

change of other solid matter and of water is made manifest.

Alcohol.

Table V shows the results of experiments with alcohol of various con-

centrations. This substance was chosen as it might be expected to diffuse

freely through the envelope of the cell. Assuming the whole of the watej-
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within the cells to be available for mixture with alcohol, the concentrations

of alcohol inside and outside the cells, after osmotic equilibrium had been

established, would be equal.

Now the grammes of substance (in this case alcohol) per 100 grm. of

water within the yeast (P), divided by the grammes of substance per

100 grm. of water outside the cells (Pi), gives a measure (K) of the amount

of diffusion which has taken place. In the case under discussion, therefore,

K would be expected to be equal to unity.

In these experiments the increase of alcohol due to auto-fermentation

could not be neglected. Tlie total amount of alcohol present at the end of

the experiment was therefore determined by analysis of the liquid poured

off and of the residue after centrifuging. The weight of alcohol due to

auto-fermentation was thus found by difference from the original amount,

and was embodied in the calculation for the w^eight of liquid outside the

cells. The formation of an amount of alcohol (F) during an experiment

occasions a loss of an approximately equal amount of carbon dioxide to be
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subtracted from the total weight (W), and a loss of approximately twice the

amount of solid matter (2F) to be subtracted from Y, since the alcohol is

formed according to the equation

CeHisOe = 2CO2+2C2H5OH.

If F = weight of alcohol by auto-fermentation, W— F = the total weight

at the end of the experiment, and V— 2F = the weight of solid matter

finally present, and the formula given on p. 296 becomes

-. ^ E(W-F)-100(V-2F) ^ EW-100V-F(E-200)~
E-G E-G

and Y is obtained by difference from W— F.

The table shows very clearly that alcohol penetrates freely through the

cytoplasm of yeast, but the interesting fact is observed that when

equilibrium is established the ratio of alcohol to water is, in every case, less

within the cell (P) than it is outside (Pi), and that these ratios stand to one

another in a fairly constant proportion (K).

This points to the possibility that some of the water of the protoplasm

is bound up in such a manner as to render it unavailable as a solvent for

alcohol. This view is supported liy the high value for K found in Experi-

ment 81, wherein old yeast was employed which contained a very large

vacuolar space and a correspondingly decreased layer of cytoplasm.

The method is specially interesting, as it affords a very clear insight into

the interchange of material occurring between the cells and the surrounding

liquid. For instance, in Experiment 81 (yeast in water), 0'36 grm. cf

alcohol have been formed by auto-fermentation within the yeast, bringing

the total alcohol up to 2"75 grm. Of this 2'11 grm. have passed out into

the surrounding water, leaving 0'64 grm. in the final yeast ; 0"70 grm. of

solid matter have passed out from the yeast, and 0"73 grm. of solids

have been fermented. At the same time there lias been an entrance of

0'21 grm. of water into the cells, which is also accounted for as having left

the liquid.

Since in these experiments the value of Iv appeared to be independent

of the concentration of the alcohol, it seemed advisable to investigate this

further, and also to try the effect of variations in other directions. Since

the factor K depends solely upon the analyses of the components of the

final system, in each of the experiments about to be described only two

estimations of total solids and two of alcohol were necessary.

The results of these experiments are contained in the following Table YI
In all cases, except where otherwise stated, the duration of the diffusion was

20 hours at the temperature of the cold room :

—
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No.

131
132
133
134

Table VI.—Shewing Diffusion of Alcohol.

Alcohol.

per

cent.

Time
of

Yeast.

standing,
golids. Alcohol. Water.

Liquid.

Solids. Alcohol. Water

hrs.

per

cent.

per
cent.

per

cent.

per

cent.

per
cent.

per

cent.

Effect of varying Concentration.

119
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the cell, making it impossible to obtain the usual white friable press cake,

but rather a brown-coloured and putty-like mass.

This change may possibly take the form of a contraction of the cytoplasm

of the cell, and, since the depth of the layer of cytoplasm varies under

different conditions of the yeast, the amount of plasmolysis sustained by a

given sample of yeast when immersed in 20 per cent, alcohol may possibly

be determined by the relative proportions of the cell occupied by the

cytoplasm and by the vacuole.

In Experiments 131-134 a gradual diffusion of solid matter from the

yeast into the surrounding liquid is observed to have taken place ; this is

probably due to the production of diffusible solids by autolysis of the cell

contents.

In Experiments 81 and 139 yeast was employed which hud been kept in

the cold room for three days. The yeast of 144 was a sample wdiich had

been dried in the air at room temperature. The original percentage of total

solids in tlUs dry yeast was 68'4 per cent. On immersion in 10 per cent,

alcohol the yeast absorbed li(|uid very quickly, and eventually, after 20 hours,

50 grm. had increased to about 110 grm. jS^otwithstanding this large influx

of liquid, the diffusion factor is seen to be not widely different from the

uormak

Sodium Chloride.

This substance was taken as being a typical salt dissociated into its ions

more or less completely in dilute solution. Four experiments were made, the

results of which are given below. The salt was estimated in the liquid by

the method of Carius, the amount in the yeast being calculated by difierence.

PreHminary experiments had shown that when 50 grm. of pressed yeast

Table VII.—Diffusion of M/10 Sodium Chloride.

Ifo.
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were suspended in distilled water and the mixture centrifuged, only a faint

trace of milkiness was produced by the addition of acid silver nitrate to the

liquid poured off.

These results show that the diffusion of sodium chloride is slow. A
definite quantity of substance enters the cell when yeast is suspended

in M/10 sodium cliloride solution and allowed to stand over night, altliough

no diffusion is noticed after a suspension of tliree hours only.

Ammonium Sulphate.

Tlie next experiments were made with ammonium sulphate, as being a

substance which is uf service to the yeast, and which is a sufficient source

of nitrogen in artificial culture. In tliese experiments two concentrations of

the solution have been employed, of approximately one-tentli and three-

tenths molar respectively.

Table VIII.
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The ammonium sulphate was estimated in the initial and final liquids

only, the amount in the final yeast hcing found by difference.

The results with ammonium sulphate are found to be very similar to those

obtained with sodium chloride.

Experiments 145 and 151 are specially interesting as the initial yeast in

these cases contained a large percentage of solid matter. In the former,

where one-tenth molar ammonium sulphate was employed, .S3'17 grm. of

water have entered the yeast while only 0"1G grm. of the salt have been

carried in, and in the latter from three-tenths molar solution 25"47 grm. of

water and 0".52 grm. of salt liave entered. The ratio of the concentration

inside the cells to the concentration outside is the same in both cases.

The rate at which a sample of air-dried yeast will absorb water and recover

turgescence is very i-emarkable. In No. 145 when 30 grm. of the yeast were

mixed with 60 c.c. of solution such a stiff paste was obtained, within

two minutes, that it could only be stirred with difficulty. It is further

worthy of*iiote that yeast which has been dried in air returns to its normal

condition of turgescence when immersed in water, as shown by the percentage

of total solids. In all samples of fresh pressed yeast the total solid content

has been found to vary from 28 to 35 per cent. Total solid estimations of

three air-dried samples gave 68'4, 50"5, and 37'5 per cent. ; when immersed

in water these yeasts became turgid with a normal solid content of 30*5,

31, and 32'4 per cent, respectively.

The envelope of such dried and shrivelled cells, tliough readily permeable

by water, does not admit of the entrance of a 1/10 molar solution of

ammonium sulphate, but selects from it a large quantity of water and only

a relatively small quantity of the salt. The liquid surrounding the cells

therefore becomes considerably concentrated. In Experiment 145, for

instance, the concentrations of salt in the initial and final liquids were

1-26 and 1'66 respectively.

Copycr Sidphate.

A peculiar resistance to the entrance of copper salts is exhibited by the

protoplasm of Fenicilliu'in glaucAim (12), growtli of which has been found

possible on a medium containing as much as 21 per cent, copper sulphate,

although very much smaller quantities down to 3 per cent, have occasionally

proved destructive. In view of this result it seemed advisable to investigate

the effect of solutions containing copper upon the protoplasm of the yeast-

cell. 100 grm. of yeast were suspended in 100 grm. 1/10 molar CUSO4,

allowed to stand for the usual time in the cold room, and the distribution

of the copper determined,
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Table IX.

303

Initial liquid.
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In tlie estimations, the organic matter was destroyed by Neumann's method

and the phosphoric acid was precipitated with magnesium citrate mixture.

"With the weaker concentration, which was found to be isotonic with yeast,

no exeliangc of phosphoric acid took place, but from a solution containing

4 per cent, of sodium phosphate, approximately 0-.'3 molar, entrance of

phosphoric acid into the cells was well marked.

Sodium Hexosephosphatc.

For the purpose of this research hexosephosphatc was of all substances

of greatest interest, since Harden and Young (13) have found that hexose-

phosphoric acid is continually being built up and broken down again in the

fermentation of sugar by yeast-juice. When they added this substance to

living yeast, however, no evidence of its fermentation could be obtained. It

was of special importance, therefore, to determine whether any of the

substance had been able to diffuse into the yeast-cells.

The solttion of hexosephosphoric acid was prepared by the method

described by Young (14) and was neutralised to litmus with caustic soda.

Fom- concentrations of the salt have been employed and the results are

given in the following table. In each case the time of standing was 20 hours

at a temperature between — 2 and 0°.
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and to 1/10 of the total amount in the liquid, have been transferred from the

liquid to the yeast. The influence of this solution upon the fermentation of

yeast was studied according to the method described in a preliminary

communication by Harden and Paine (15), and, although the initial rate of

auto-fermentation was increased, the total volume of gas yielded was not

greater than that given by a water control, and, moreover, the rate of auto-

fermentation produced was exactly comparable to the rate under the influence

of sodium phosphate of the same normality. It would seem from this that,

although this substance is capable of entering the yeast-cell, it is not able to

penetrate through to the sphere of activity of the hydrolysing enzyme.

Sodium Arsenate.

Sodium arsenate was specially interesting, since Harden and Young (Iti)

have found that solutions of arsenates have an enhancing influence on the

rate of fermentation of sugar by yeast-juice.

The following table gives results of three experiments. The estimations

were made by digesting the yeast and liquid with nitric and sulphuric

acids, and, after dispelling the nitric acid, reducing the arsenic acid with

hydriodic acid. The liberated iodine was removed by titration with thio-

sulphate and the arsenions acid precipitated with sulphuretted hydrogen,

collected on a tared filter, washed successively with water, alcohol and

carbon bisulphide, dried at 100° and weighed. The results are expressed

in terms of anhydrous sodium arsenate.
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Summary and Conclusions.

The early experiments ou plasmolysis of yeast seemed to indicate that the

envelope of the yeast-cell was impermeable by inorganic salts generally

while it allowed of the ready diffusion of such substances as alcohol, acetone,

and urea, which have been known to pass with ease through many forms of

living protoplasm.

Quantitative estimations have shown the power of diffusion of alcohol to

be very different from that of inorganic salts. On immersion of yeast in

dilute alcohol, varying from 5 per cent, to 20 per cent., the ratio of the

concentration within the cells to that of the liquid outside becomes practically

constant, and independent of the absolute concentration. Alcohol is believed

to diffuse quite readily into the cell, but at the same time this ratio is not

unity, but a constant which deviates only slightly from 0-85. Probably the

whole of the water in the cell, which is removed by drying at 98° C, is not

available for diffusion of alcohol. The amount of water thus bound up,

possibly as% constituent of the protoplasmic complex, appears to vary some-

what at different stages in the life-history of the cell, but the method was

not considered sufficiently delicate to render further study of this interesting

phenomenon advisable in this way.

All salts which have been tried have been taken up by yeast from

moderately concentrated solutions, and in the cases of sodium chloride and

ammonium sulphate even from dilute solutions. But, whereas with alcohol the

amount entering the yeast during three hours was practically equal to the

amount which entered on prolonged immersion, with these salts the process

was a slow one. After three hours no sodium chloride had entered from a

decimolar solution, and considerably less ammonium sulphate was found in

the yeast than was the case after longer standing. From decimolar solution

of sodium phosphate no entrance of phosphorus was appreciable even after

20 hours' standing, but from more concentrated solution, 0-3 molar, a well

marked entrance was observed. Since phosphates are essential for the life

of the yeast and are gradually assimilated and accumulated from very dilute

solutions, the envelope must admit the necessary amount of these substances

requu-ed by the cell for its metabolism. The amount thus absorbed during the

time of these experiments would naturally be very small and indeterminable.

With regard to the entrance of salts, which the experiments have shown

to occur, the following considerations are of interest. Since the yeast must

of necessity be analysed as a whole, the question as to how far into the cells

the various substances have penetrated must, at present, remain in doubt.

While most salts do show some entrance into the cells, the factor which is

taken as an expression of permeability is, except in the case of copper
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sulphate, comparatively small (O'l—0*25 as against 0*85 in the case of

alcohol). It seems very probable that the apparent entrance of salts is a

result of adsorption in the surface layers of the cell rather than absorption, or

it may be that the salt particles are kept back by a differential septum

according to the hypothesis of H. E. Armstrong (8), and that they remain in

the interstices of such membrane.

The experiments with hexosephosphate are particularly interesting in this

connection, since this substance is present in yeast and is readily hydrolysed

and fermented by yeast-juice. The fact that when this substance is added

to yeast there is no evidence whatever of its being fermented would seem to

indicate that it had not been able to penetrate through to the seat of

fermentative activity. It thus seems highly probable that the apparent

entrance of this salt, which is well marked, is merely a surface phenomenon.

In conclusion, the author desires to express his best thanks tx)

Dr. A. Harden, at whose instigation the work was commenced, and whose

kindly interest and numerous suggestions have been highly esteemed.
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ON THE QUESTION OF THE IDENTITY OF PEPSIN
AND RENNET. By AGNES ELLEN PORTER,
Lister Institute Research Scholar.

{From the Lister Institute of Preventive Medicine, London.)

The question of whether the activities ascribed to rennet and pepsin

are in reality due to one and the same ferment, has been now under

discussion for some ten years without any clear solution being arrived

at. This continued difference of opinion is, according to a recent

writer—A. Rakoczy—due to the fact that most supporters of the

identity theory have used stomach extracts other than those in which

true rennet has been recorded. The suggestion that the two ferments

were identical was first put forward by Pawlow (1901), who has since

that time found many supporters. Among these are Pawlow and

Parastschuk (1904, p. 451), Sawjalow (190o, p. 20), Nencki and

Sieber (1901, p. 312), Michaelis (1909, p. 234), Van Dam (1910,

p. 336). All these authors believe that one and the same ferment acts

as rennet in neutral solution and as pepsin when the reaction is acid.

According to Michaelis pepsin is amphoelectric and only when carrying

a positive charge, as in acid solutions, is peptic. He suggests that in

neutral solutions when it carries a negative charge it may functionate

as rennet.

On the other hand Hammarsten (1910, p. 158) and Rakoczy

(1910, p. 460) regard the two ferments as independent. They base

their belief upon the want of proportion between these activities in

different stomach extracts and commercial preparations, Rakoczy

has been able to effect separation of the rennet from the peptic

functions by dialysis of stomach extracts whereby the pepsin was

precipitated and the rennet left in solution (p. 444). He also found

that weaker solutions of hydrochloric acid would extract rennet from

the stomach wall, while stronger solutions extracted pepsin (p. 453).

PH. xm. 25
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Those who believe the ferments to be identical do so because

they find the functions running parallel under various treatments.

The disappearance of rennet only, which takes place when a rennet-

pepsin preparation is warmed for a few days, has been explained by

Van Dam (p. 322). This is not due to disappearance but merely to

masking of the rennet by the appearance of substances inhibitory to

coagulation but not to digestion. These could be got rid of by dialysis,

leaving pepsin and rennet behind in their original proportions. Funk
and Niemann (1910, p. 272) find an entire parallelism between the

ferments on filtration. Spiro (1906, p. 368) and Petry (1906, p. 355)

regard rennet as proteolytic, but only to casein.

There are several points about this theory of the identity of pepsin

and rennet which at first sight must strike everyone as remarkable.

The actions seem" so very different and indeed opposite. How can the

same ferment both precipitate and dissolve the same protein ? If

precipitation were necessarily the first step, and by altering the con-

centration of ferment or salts, or the surface of the zymolyte, made

the Second step of digestion possible, this difficulty would be lessened.

The process is, however, not so simple. Coagulation may occur without

digestion, digestion without coagulation, or both may occur. It has

indeed been stated by Zuntz and Sternberg (1900, p. 362) and

by Hawk (1904, p. 46), that milk protein which has been coagulated

by rennet is less easily digested than fresh milk protein.

It is generally supposed that inhibitory substances act by forming

a complex with and masking the ferment itself. This has been shown

for the anti-pepsin and anti-trypsin of Weinland, and for serum

anti-rennet, by Weinland (1902, p. 52), Dastre and Stassauo (1903,

p. 634), and Fuld and Spiro (1900). On the other hand these

inhibitory substances are acknowledged to be specific for each function

(if not for each ferment). Authors who believe that pepsin and rennet

are identical, e.g. Van Dam, have even explained a want of parallelism

under treatment, by the appearance of inhibitory substances, hindering

the one action while leaving the other unchecked. These statements

appear so contradictory that in order to treat the identity theory with

justice, it is necessary to leave on one side for the moment the possibility

that inhibitory substances, such as amino-acids, unite with the ferment,

but to regard them as acting in some other way, i.e. on the substrate.

This is necessary because the specificity of these inhibitory substances

is so very much more obvious than their mode of action on the ferment.

For example, we have Van Dam's adventitious rennet-inhibitory sub-
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stances which did not act on pepsin, there is also the strong rennet

preparation, which I have described (1910, p. 385) as anti-peptic.

I was led to go into this question because I had come across this

rennet preparation just mentioned, which was actively milk-coagulating

and at the same time strongly anti-peptic. This circumstance appeared

at first peculiar enough to merit further investigation. With this in

view, I obtained several commercial rennet and pepsin preparations.

These were :

Mackenzie's Rennet, 1909 and 1910 (Edinburgh), liquids,

Melmoth's Rennet, date unknown, liquid,

Evans, Lescher and Webb's Rennet, date unknown, liquid,

Byk's Rennet powder,

Ray's Pepsin powder.

Method. Peptic activity was tested by means of Mett's tubes

containing coagulated serum, egg-white, or milk. Where milk was

used, the ferment was mixed with the milk before it was drawn up

into the capillary tubes. It was then allowed to set at 37°, when it

could be cut into short lengths, and placed in 0"25 7o HCl. Serum

was most often used, as it is so quickly acted on. Two small lengths

of serum were always placed in the ferment, aud the four eaten ends

measured with a fine metal ruler, or with the vernier of a sliding stage

under the low power of a microscope. The four counts were added

together to give the units of digestion.

This method is not without error, but its extreme rapidity, simplicity,

and the fact that digestion and inhibition are so marked and striking

to the eye, make it very serviceable. The chief objection to the method,

namely that peptic action is lessened by products of digestion gathering

in the capillary tube and preventing the diffusion of fresh pepsin to

the ever retreating surface of protein, is of less consequence in this

instance.

Sorensen's method (1908, p. 45) of testing for the increase of

neutral carboxylic groups in proximity to amino groups, by means of

titration with neutral formalin-phenol phthalein solution, was discarded,

after trial, as unsuitable. After days of digestion the increase in this

acidity was too slight to cover the margin of error sufficiently.

Other methods of testing for increasing albumoses depend upon

methods of separation by precipitation which are unsatisfactory.

The dissolving action of the pepsin, which is so rapid at the first

step, is so very much slower in the lower stages of digestion, that by

25—2
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measuring the first stage as with Mett's tubes the most satisfactory

and obvious results can be obtained.

Measurement with edestin (Fuld and Levison, 1907, p. 473) was

used only to estimate peptic action, for demonstrating inhibition it was

unfortunately useless.

Anti-peptic action of rennet preparations.

In the following experiments an attempt has been made to discover

whether the other rennets, like Mackenzie's, were anti-peptic, if the

anti-pepsin were accompanied by evidences of the presence of amino-

acids, if it could be got rid of by means of dialysis, and if, on its

removal, pepsin could recover power in proportion to the rennet present.

All four liquid rennets were strongly anti-peptic, the rennet power

hardly so at all.

(1) Mackenzie's Rennet, 1909.

Rennet action on 3 c.c. milk = 1/4000, +0-2 c.c. lO^/o CaClj^ 1/17000.

Peptic action, in 24 hours, on edestin—none visible.

,, ,, ,, fibrin ,,

.. ., egg-white ,,

»» i> )i casein ,,

,. ,, ,, serum—very slight.

Reaction with methylorange, 1 c.c. required 0-05 c.c. N/10 HCl.

„ ,, phenolphthalein per 1 c.c. required 0-25 c.c. N/10 KOH.
» ,> neutral formalin-phenolphthalein solution per c.c. required 0-63 c.c.

N/10 baryta.

Anti-peptic action.

Units of serum digested by

No. of
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The amount of acidity in this rennet after the addition of formalin-

phenolphthalein solution, and even with phenolphthalein alone, is

suggestive of a fair amount of protein and amino-acid impurities. The

rennet was dialysed in parchment for two days against running water.

After this treatment it was neutral with phenolphthalein, and after the

addition of formalin solution, required per c.c. only 0'066 c.c. N/10

baryta to neutralise. It had lost at the same time all its anti-peptic

power.

Table illustrating loss of anti-2)eptic power in Mackenzie 1909

dialysed against water.

Units of serum digested by

0-5 c.c. pepsin 0-5 c.c. pepsin
+0'5 c.c. water -|-0"5 c.c. Mackenzie 1909 dialysed

No. of (
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(2) Mackenzie's Rennet, 1910.

Rennet action on 3 c.c. milk = 1/8000, +0-2 c.c. 10 "/j, CaCl.j = 1/340000.

Peptic action, in 24 hours, on edestin—none visible.

.1 .. .. egg-wbite ,,

,, ,, ,, casein ,,

,, „ ,, serum—sligbt.

Reaction with methj'lorange, 1 c.c. required 005 c.c. N/10 HCl.

,, ,, phenolphthalein per c.c. required 0"265 c.c. N/10 KOH.

,, ,, neutral formalin-phenolphtbalein solution per c.c. required 0-572 c.c.

N/10 baryta.

Anti-peptic action.
Units of serum digested by

No. of
exp.
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Table showing that the anti-pepsin had passed through the sac.

Units of serum digested by
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Units of serum digested by

O'Sc.c. I'Vo U"5c.c. Mackenzie 0"5 cc. Meluioth
pepsin powder untreated dialysed
U'o cc. acid 0"6 cc. acid 0-5 c.e. acid

No. ofexp. Totalacidity...018<'/„HCI 0-18%HCl 0-18% HCl

1 89 29 20
2 92 36 30
3 65 22 20

Table showing the loss of anti-jjeptic fower in dialysed MelmotKs Rennet.

No. of exp.
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against N/20 HCl results were similar to those obtained by dialysing

Melnioth's rennet. The inhibitory action was much reduced, without

much recovery of pepsin taking place,

Byfc's Rennet powder 1 "/„.

Rennet action on 3 c.c. milk = 1/40000, +0-2 c.c. 10 % CaCl= 1/85000.

Peptic action, in 24 hours, on egg-white—none visible.

,, „ ,, serum ,,

,, „ ,, edestin ,,

Reaction + xaethy\oi-&nge 1 c.c. = 0-05 c.c. N/10 HCl (neutral).

+ phenolphthalein per c.c. = 0005 c.c. N/10 KOH (neutral).

+ neutral formalin-phenolphthalein solution per c.c. = 001 c.c. N/10 baryta

(neutral).

Anti-peptic action very slight.

Units of serum digested by

0'5 c.c. pepsin 0'5 c.c. pepsin
+05 c.c. water +0'5 c.c. " Byk " 1 "/o in water

No. of e.xp.
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Hay's Pepsin poivder 1 "/ .

Rennet action on 3 c.c. milk = 1/5500 alone, +0-2 c.c. 10 "/q CaCl = 1/42500 (strong,

but weaker than Byk).

Peptic action on edestin, to 1000 (1 inch long).

» » serum, capillary tube eaten out in a few hours in presence of

0-25 % HCl.

„ ,. casein, capillary tubes 1 inch long eaten out in three hours in presence

of 0-25
"/o HCl (very strong action in comparison with negative

action of Byk's rennet).

Reaction - methylorange 1 c.c. -0075 c.c. N/10 HCl.

- phenolphthalein per c.c. -015 c.c. N/10 baryta.

-neutral formalin-phenolphthalein solution per c.c. -0-33 c.c. N/10 baryta.

The above indicates the presence of protein impurities, not present in Byk's rennet.

These rennet and peptic preparations which have been examined

display no parallelism whatever in milk-coagnlating and peptic power.

This want of parallelism is not to be explained by the presence of

amino-acids and protein impurities. When purified by dialysis, of all

anti-peptic substances, these rennets recovered very little, or no peptic

power, while retaining their milk-coagulating properties.

There remains to be described an interesting phenomenon illustrative

in another way of the entire independence of these two ferments, rennet

and pepsin, in my hands.

A non-anti-peptic rennet-zymoid.

It has been mentioned before that Mackenzie's rennet 1909, dialysed

for two days against running water, was immediately after removal from

the dialy.sing sac as active a rennet as before, but after ten days under

toluene, was found to have become spontaneously inactive. It had

become not only inactive, but inhibitory to fresh rennet. It will be

remembered that Mackenzie's rennet 1909 was anti-peptic in its original

state. This anti-pepsin had however disappeared during dialysis, the

preparation remaining, after dialysis was completed, permanently in-

different to the action of pepsin. Seven estimations gave an average

of 66'4 units for 0"o c.c. pepsin + 05 c.c. water, and 66*9 for Oo c.c,

pepsin and 5 c.c. dialysed " rennet " (" rennet " which was now inactive,

and inhibitory to fresh rennet).

This rennet inhibition appearing suddenly in a dialysed preparation,

washed clear of amino-acids and unchanged in salt content since the

conclusion of dialysis, seems difficult to explain. Van Dam (p. 322)
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has mentioned that dialysed rennet is unstable, but he does not state

that it may become actually inhibitory.

In order to demonstrate the inhibition an excess of the inhibitory

rennet was necessary. This however was to be expected in the case of

a ferment which acts so rapidly, and in such small traces, as does rennet.

The inhibition was peculiar in that, when exerted against weak or

diluted rennets, the curd was not only delayed, but was usually incomplete,

a piece of curd floating in liquid milk.

Table shotving the rennet-inhibitory action of this dialysed rennet

{inactive "1909").

Minutes at 40°

Dilution of ^
'

Fresh milk—2c.c. rennet in milk 8 14 20 "25 i

0-2 c.c. Mackenz. 1910 1/50 — _ _ _ —
0-2 c.c. water ... ... 1/600 curd — — —
0*2 c.c. Mackenz. 1910 1/50 — — incom- — —
0-2C.C. inactive " 1909" ... 1/600 — plete — — -

0-2 c. c. Melmoth rennet 1/10 — _ _ _ _ —
0-2 CO. water ... ... 1/120 — — curd — —
0-2 c.c. Melmoth 1/10 ... — — — — — —
0-2 c.c. inactive " 1909 " ... 1/120 _ _ — incom- —

plete

0-2 c.c. Byk rennet 1/500 ... — — — — incom- —
0-2 CO. water ... ... 1/6000 — — — plete —
0-2 c.c. Byk 1/500 ... — — — — — very in-

0-2 CO. inactive " 1909 " ... 1/6000 _ _ _ — complete

On another occasion, with freshly diluted Byk's rennet

:
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by this dialysed inactive " 1909 " was such as to support the view that

it was due to a zyraoid. The fact that only a part of the milk usually

coagulated, one small curd floating in the unchanged milk, was suggestive

of zymoid formation. While no other dialysed rennet became inhibitory,

all deteriorated slightly in value, as did also other highly diluted rennets.

Such deterioration was accompanied in high dilutions by this incomplete

coagulation, as well as delayed action, probably a tendency to zymoid

formation.

As this zymoid was quite indifferent to pepsin, it becomes still

more difficult to believe that pepsin and rennet can be identical.

Summary.

Several commercial rennet preparations have been found actively

milk-curdling, but anti-peptic.

This anti-peptic influence was due to substances indifferent to

rennet. They could not therefore be regarded as acting against the

pepsin by uniting directly with it, unless the ferments were independent.

These substances could be easily dialysed away, leaving little or no

increase in peptic action.

A rennet powder, and several dialysed rennet preparations, were

non-peptic, and non-anti-peptic, while being strongly milk-curdling.

A rennet zymoid occurred spontaneously, which was indifferent to

pepsin.

These results are in accord with those of Hammarsten, and speak

clearly for the independence of the two ferments, rennet and pepsin.

I desire to express my thanks toDr Ledingham, Dr Harden and Dr Casimir Funk
for kind advice and criticism.
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The Division of the Collar-Cells of the Calcarea
Heterocoela.

By

3Tiiriel Robertson^ 1I..4.

With Plate 19.

Introduction.

In 1910 Prof. MiDchin and I described (5) the division of

the coliar-cells in the sponge Clathrina coriacea (Montagu)

with a view to obtaining an insight into the behaviour of

the basal granule of the flagellum during cell-division.

In Clathrina coriacea and the Clathrinidee generally

the nucleus lies at the base of the collar-cells, and, just

before division, comes to the apex, which is the position it

occupies in the embryo. In the Leucosolenidse and most

Heterocoela, on the other hand, the nucleus lies towards the

apex thoughout the whole life of the sponge, and the flagellum

arises from a granule which is only very little removed from

the nucleus, and attached to it by a double rhizoplast. At

Prof. Minchin's suggestion I have recently investigated the

division of the collar-cells of two members of the Heterocoela,

namely, Grrantia compressa and Sycon sp.,^ to see how
the process compares in the two families.

It was at first expected that the basal granule or ble-

pharophast of the flagellum in Grantia and Sycon would

lie actually in the nucleus, but that is not the case ; the

blepharoplast in the vegetative condition of the cell is placed at

the apical margin, and is connected with the nucleus by a

' Either Sycon ciliatum or S. coronatuni; it was not possible

to determine the species, since the methods of preservation used were

such as dissolved the spicules.



130 MURIEL EOBERTSON.

double rhizoplast (figs. 1-5, 21). One is therefore here, as in

Clathrina, dealing with an extra-nuclear stiucture. Both

in the earlier paper published with Prof. Minchiu and in the

present account the work has been done with the view of

elucidating the blephai-oplast-centrosome question, and not

from the standpoint of the morpholog}' of the sponge.

The literature of the subject was fully discussed in the earlier

paper, and I propose only to consider here a few additional

publications which have particular beariug on the questions

under investigation. These will be treated under the " General

considerations" at the end of the paper.

Material.

The material was obtained from the Marine Laboratory at

Plymouth, and was fixed in various ways. Corrosive sublimate

and acetic acid, Flemming's fluid and Bouin's fluid were all

used ; ot" these Bouin's fluid gave unquestionably the best

result. The stains used were Heidenhain's iron-hasmatoxylin
;

iron haematein, according to Dr. Seidlin's method {' Parasi-

tology/ vol. iv, p. 94), and Twort's combination of neutral

red and Lichtgriin ; these all gave good results, and Avere used

with good eifect to supplement and control each other.

The collar-cells of these sponges form, as is well known, a

single layer of epithelium lining the radial tubes or flagellated

chambers. The shape of the cell is subject to considerable

variation, according to the exact condition of the sponge, and,

indeed of the different parts of the sponge, at the moment of

fixation ; they are, however, usually either flask-shaped (fig. 1),

or shaped like chimneys (fig. 2). The collar is a delicate

tubular structure which projects from the free end of the

cells, and varies somewhat in length according as the cell is

fully extended or not. These structures are of extreme

delicacy, and are easily destroyed by unsuitable fixation.

The cytoplasm of the cell is granular and vacuolated, and

may show large inclusions. The nucleus lies a little below the
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apex, and though usually spherical, may sometimes be slightly

drawn out towards the top of the cell. The blepharoplast is

a small granule staining intensely with iron-haematoxylin;

with iron-hgematein it shows quite sharply, but is pale grey

in colour, while the chromatin of the nucleus is a blueish-

black; with Twort's stain it is not very readily visible, but

whenever it can be made out it is always of the cytoplasmic

colour, namely, green (fig. 28). There is no shred of evidence

ill the staining reaction to suggest that the structure in

question is of a chromatic or nuclear nature. To insist on
the achromatic nature of a centrosome (as in effect the

blepharoplast of a collar-cell really is) at the present date

seems a useless waste of energy and almost i\\\ anachronism,

were it not for the recent theories of such well-known workers

as Hartmann and Prowazek (2a), The centrosome-blepharo-

plast is situated at the extreme upper edge of the protoplasmic

body, and is connected, as has already been said, with the

nucleus by a double rhizoplast. In many cases the double

nature of this last structure escapes observation, the two

strands lying very closely side by side. It is, however,

obvious from a careful study of a sufficiently large number of

cells that two strands (sometimes widely separated from each

other and forming a triangle as in figs. 3 and 5) and not one

only connect the blepharoplast with the nucleus. This

rhizoplast persists throughout the whole life of the cell except,

as will be seen hereafter, for a very short period immediately

before division. From the blepharoplast arises the flagellum,

which is of considerable length and extends beyond the

collar.

To talk of the nucleus of any living and functioning cell

as being in the resting state is a self-contradictory phrase

which cytologists are only gradually abandoning. In the

collar-cells the variety of appearance in the nucleus of the

non-dividing cells is particularly striking. Unfortunately

from the nature of the case one is unable to correlate the

physiological state and the particular appearance of the

nucleus, and of the distribution of the chromatin, etc., within
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it. One or two points can, however, be observed. It has been

noticed that the nucleus immediately before division

always shows a dense staining karyosome which disappears

during the formation of the primitive spireme (fig. 9). There

is, of course, no proof of the converse, and it by no means

follows that because the nucleus shows a dense karyosome it

is therefore about to enter upon division. In the work on

Clatiirina a corresponding point was observed, uamely, that

cells about to divide showed a pale nucleus containing a dense

karyosome. Another point in the life of the cell can, as it

were, also be caught, and that is the period immediritely after

division. The young daughter-cells have certain characteristic

features to be noted later, and can readily be recognised.

Ti^e nucleus in these cells is always of the reticulate type, and

does not show the karyosome (fig. 21). Whether this be-

haviour on the part of the karyosome may prove of importance

when we kuow more of what induces a cell to divide cannot

be determined at present, but is worth recording in passing.

Mitosis.

The first alteration to be observed in a collar-cell about to

divide is usually the disappearance of the flagellum and. the

subsequent division of the blepharoplast, which has at this

stage lost its connection with the nucleus. The exact

sequence of these early processes is, how^ever, subject to

a good deal of variation, and sometimes the flagellum is

retained until after the division of the blepharoplast (fig. 10).

In the nucleus itself very characteristic changes take place,

culminating in a curious phase which is of very constant

occurrence and which corresponds to the spiretne-stage. The

dense karyosome gradually breaks up (figs. 3-10), and. there

ai-e formed a number of masses of chromatin which become

increasingly definite in appearance; they are connected

together at this stage by delicate filamentous strands which

do not take up the chromatin stains. This condition

corresponds to the spireme-stage, which never reaches a
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greater development thau this in the case of collar-cells;

a glance at figs. 6 and 10 will make it clear how far removed

it is in appearance fioin the long continuous coiled, thread so

universally seen in more developed types of karyokinesis.

Speaking generally, the blepharoplast divides just before the

above changes take place in the nucleus, but here again

slight variations in the time-relations are very often to be

observed. The blepharoplasts gradually move apart, but

may sometimes be joined for a time by a strand ; this stage is

of rare occurrence and is illustrated in fig. 8. More often the

blepharoplast divides and the daughter-blepharoplasts move
apart without the junction between tlietn persisting. These

two little granules are destined to play the part of centrosomes

in the coming mitosis, but do not show the radiations passing

out from them which are so characteristic of most centrosomes.

As time goes on they come to lie on either side oi the nucleus,

and a spindle-apparatus is formed between them. In fig. 11

an interesting stage is shown where the spireme is not yet

quite complete and the first signs of the spindle can be seen

arising between the controsomes on either side of the nucleus.

The mitosis proceeds and the equatorial plate is formed, but

the chi-omosomes are not very distinct. At tliis stage there

grows out from the centrosomes on either side the first

rudiment of the new flagella (figs. 12-16 and 21), thus

exactly repeating the state of affairs observed in Clathrina

coriacea. The diaster-stage (figs. 17-19) follows in due

course, and the two poles of the spindle each with its mass

of chromatin curve upwards through approximately a right

angle (figs. 20 and 21).

The centrosome-blepharoplast is still connected with the

chromatin mass by a double strand (figs. 20, 21), which is

the remains of the spindle. This connection persists as the

double rhizoplast already noted and only disappears again

just before the next division. In Clathrina this junction

disappears nnd the blepharoplast is completely cut adrift

from the nucleus during the vegetative life of the cell. The
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two dense chromatin-masses of the diaster-stage re-form into

the two nuclei of the daughter-cells. The spireme is entirely

suppressed at this point, and the reconstituted nuclei are, as

has already been noted, of the reticulate type (figs. 22, 23).

The young cells are narrower and project forward beyond the

epithelium, and the nuclei appear for a time to be rather

smaller than those of the neighbouring cells. The collar

disintegrates at an earl}^ stage and is re-formed anew in each

of the daughter-cells. It is interesting to note in passing

that, although this is a quite typical metazoan mitosis, it reveals

one or two rather primitive features, such as the very slight

development of the spireme, the absence of rays from the

ceutrosomes, and the general indistinctness of the chi'omosome.

•

General Considerations.

The main feature of interest in the foregoing account is that

we have here another instance of a blepharoplast playing

the part of centrosome, and the chief importance of the

observation lies in the evidence it brings as to the simple

achromatic nature of this structure. In a recent paper

Hartmann and Chagas (1) describe the division of a number

of free-living flagellates, and some of the forms they deal

with are of particular interest.

The part of their work that bears most immediately on the

question under consideration is that which treats of the

division of Spongomonas uvella and Spongomonas
splendida. Here two flagella are present in each individual,

and there are two blepharoplasts which are generally not

connected in any way with the nucleus and resemble in this

particular the condition found in the collar-cells of Clath-

rina coriacea. The authors are inclined to think that this

is due to a secondary absorption of the rhizoplast, and is, as

it were, a late condition in development. They are led to

this conclusion by the fact that immediately after division

the cells of Spongomonas show a quite clear connection

between the blepharoplast and the karyosome of the nucleus.
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In these forms there is a centriole present in the karyosome.

At division the centriole divides into two parts joined by a

centrodesmose, and a fairly well-developed mitotic spindle is

formed with the centrioles at the two poles and the chromatin

arrang-ed in an equatorial plate at the centre. The centrioles

generally divide a second time during the course of mitosis,

the two granules thus formed lying close beside each other in

each case. The behaviour of the flagella is of particular

interest; the old flagella are thrown off very early at the

outset of division. In the majority of cases the new flagella

arise after the completion of mitosis by what the authors call

the heteropolar division of the reconstructed karyosomes. It

is best to quote the description of the subsequent events in

the authors own words : '"'Da schon bei der Mitose Dopple-

centriolen vorhanden waren, sind zwei Moglichkeiten

denkbar; entweder sind dieselben bei dieser heteropolaren

Teilung einfach verteilt worden, wobei der eine Pol (Basal-

korper) zur Bildung des Diplosoms sekundar eine zweite

Teilung erfahren musste ; oder aber die doppelten Centriole

teilen sich gleichzeitig und bilden so direkt das Diplosom.

Das zuriickgebliebene Doppelceutriol wiirde dann im

Ruhestadiuin des Kernes infolge fester Aneinanderlagerung

scheinbar als einfaches Gentriol erscheinen. Bei beiden

Moglichkeiten stimmt der Modus der Geisselenstehuug prin-

zipiell init dem von Cercomonas iiberein. Daneben kommt

aber noch eine sehr interessanter zweiter Modus vor, indem

schon im Stadium der yEquatorialplatte die nenen Tochter-

geisselu von den Centriolen aus gebildet werden " (pp.81,

82).

The above description is of great interest and importance,

and shows very clearly the centrosomic origin of the blepliaro-

plast in the Protozoa under discussion. I should like, how-

ever, to point out that it is an unfortunate confusion of

language for the authors repeatedly to talk of heteropolar

mitosis of the karyosome when what they both figure and

describe is the division of the centriole contained in the

karyosome. The word " karyosome " as used in protozoolo-
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gical literature means a structure composed of chromatin

embedded in an achromatic substance, and which usually

contains a centriole or centrosome. In general cytological

writing the term is applied to a condens;ition of chromatin as

distinguished from a true nucleolus. In neither sense are the

authors justified in saying that the process they describe is

really a heteropolar mitosis of the karyosome. The term

"mitosis " implies some kind of a partition of all the sub-

stance of the structure involved, and heteropolar mitosis of

the karyosome means that the plastin, chromatin, etc., have

undergone an unequal division.

^Vhat these authors show in their excellent work on the

two species of Spongiomonas and on Cercomonas parva
•escribed in the same paper is the splitting-off of a minute

centrosome-like granule which is bound permanently (as in

Cercomonas), or for a time (as in Spongiomonas), to the

karyosome by a slender thread. The centriolar nature of

these srranules is abundantlv demonstrated in the last sentence

of the paragraph quoted above. It is clear that this process

is essentially the same as that described in the collar-cells,

and brings the blepharoplast of these Protozoa into line with

those of tlie sponge-cells.

The main points raised in all this work are very clearly and

broadly put in a valuable article(3) by Hertwig, who comes to the

conclusion that the cytoplasm is a compound substance com-

posed (a) of a substance very closely akin and practically identi-

cal with the achromatic contents of the nucleus, and (b) of a

substance akin to chromatin, and from which this latter is built

up. AccordingtoHertwig'sidea,the chromatic and achromatic

substances are distinct and separated out from each other in

the nucleus, while in the cytoplasm the same two substances

are present in some sort of combination. The centrosome is

for Hertwig simply " ein individualisiertes Stiickchen achro-

matischer Kernsubstanz," and adds that he is prepared to

admit that centrosomes may arise outside the nucleus from

the achromatic substance of the cytoplasm. These con-

ceptions of Hertwig's are of course to be considered as a
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broad fundamental theory rather than as a complete explana-

tion of all the facts. They have, however, the great merit of

being formulated from ph^-siological as well as morphological

observations, and therefore pay due regard to the processes

of cell-life. Very probably the cytoplasmic substance must be

regarded as inuch more complex than is suggested in Hertwig's

survey. It is interesting to note in this connection that the

work of Reichenow(4) has shown that the substance called

volutin, which arises in the cytoplasm, is a stage in the

building up of the nuclear chromation—or to put the matter

more precisely, the chromatin in the nucleus increases at

the expense of the volutin in the cytoplasm. The point in

this description of Hertwig^s view that I wish to emphasise is

that it brings out very cleai'ly the achromatic nature of the

centrosome. In a later part of the same article he goes on to

say that " die Centrosomen und die Basalkorperchen von

Wimperu, Geisseln und Pseudopodien analoge Gebilde sind."

The proposition embodied in the last sentence has received

additional proof and has been further extended by practically

all the recent work upon the subject.

LisTEE Institute,

May. 1911.
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EXPLANATION OF PLATE 19,

Illustrating Miss Muriel Robertson's paper on "The Division

of the Collar-cells of the Calcarea Heterocoela."

[Tlie figures are drawn with the aid of the camera hicida at a iTiiiform

magnification of 2000 linear.']

Fig. 1.—Collar-cells of Grantia showing the flask shape. Note the

karyosome in the nnclens.

Fig. 2.—Collar-cells of Grantia showing tlie elongated chimney
shape.

Fig. 3.—Collar-cell with reticulate nucleus. It also shows the double

rhizoplast forming the connection between the blepharoplast and the

nucleus (Grantia).

Fig. 4.—Collar-cell of Sycon showing pale nucleus with deeply

staining karyosome.

Fig. 5.—Collar-cell of Grantia showing reticulate nucleus with

karyosome. Note the double rhizoplast.

Fig. 6.—Early spireme-stage (Grantia).

Fig. 7.—Stage very like that shown in fig. 6. but the spireme is in a

still earlier condition (Grantia).

Fig. 8.—Precocious division of the blepharoplast : the specimen is

fixed with Flemming's solution (Grantia).

Fig. 9.—Early stage in division ; the blepharoplast is newly divided,

and the spireme is just being formed at the expense of the kai-yosome.

The flagellum has been thro^sTi off (Sycon).

Fig. 10.—Slightly later stage ; the blepharoplast has divided but the

flagellum is still retained (Sycon).

Fig. 11.—Slightly aberrant stage ; the blepharoplast - centrosomes

occupy either end of the spindle which is just forming, while the sj^ireme-

stage has not yet been completed (Grantia).

Fig. 12.—Equatorial plate-stage with the chromosomes just splitting.

The first rudiment of the new flagellum is visible at one pole

(Grantia).

Figs. 13 and 14.—Equatorial plate-stages (Sycon).

Fig. 15.—Equatorial plate showing flagellum gi-owing out from either

centrosome (Sycon).

1 I am indebted to Miss Mabel Rhodes for the care and skill with

which she has executed the figures.
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Fig. 16.—Equatorial plate showing remiiaut of collar (Grantia;
Flemmiug fixation).

Fig. 17.—Yery early diaster-stage (Grantia).

Figs. 18 and 19.—Diaster-stages (Grantia and Sycon).

Figs. 20 and 21.—Division of cells. Note the junction between the

niTclei in course of reconstruction and the blepharoplasts (Grautia).

Figs. 22 and 23.—Newly divided cells. Note the condition of the

nucleus. Both the cells and the nuclei are below the normal size

(Sycon).

Figs. 24-27.—Stage of division stained wuth Tv/ort's stain. Note the

faint green coloin- of the blej)haroplast-centrosomes (Grantia).

Fig. 28.—Vegetative stage stained with Twort's stain (Grantia).
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THE DEVELOPMENT OF A LEUCOCY-
TOZOON OF GUINEA-PIGS*

BY
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L.R.C.P. (London)

{Received for publication i April, 191 2)

PLATE VI

The presence of ' bodies ' within the large mononuclear leucocytes

of guinea-pigs was first noticed by Kurloff (1898). He described

them as inclusions ; for in a drop of guinea-pig's blood he noted that

many of the large lymphocytes contained, within their cytoplasm,

clear, spherical vacuoles which were distinct from the nucleus, and

which had not been described before; and he suggested the

possibility of these bodies being accessory nuclei. Since their

discovery by Kurloff they have been subjected to much research ; and

papers describing various observations concerning them have been

published by Burnett (1904), Staubli (1905), Goldhorn (1905),

Ledingham (1906), Howard (1907), Pappenheim (1908), Patella

(1908), Hunter (1909), and Schilling (191 1).

Kurloff noticed that when the blood containing these bodies was

fixed and stained, they contained a nucleus-like structure staining

with nuclear dyes, but he believed them to be vacuoles formed by a

secretion product of the cells which held them. Ehrlich (1906) also

thought that Kurloff's bodies represented some ' Secretstoff.'

Dr. Ledingham, to whom I am indebted for much information,

seems to have been the first to suggest the possibility of their

parasitic nature, and he mooted an analogy to the Cytorryctes

variolae or vaccinae. Goldhorn (1905) boldly called them

leucocytozoa. The most recent work published on the subject is

that of Schilling (191 1). He has examined these bodies by 'vital'

staining with Azur, and he has described some of the earlier stages

of their development while in the mononuclear leucocytes

* Read before the Royal Society on February 29, 1912, and reprinted from the Proc. Roy.

Soc, B, Vol. 85, pp. 67-72.
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(lymphocytes). He believes that the rod stage precedes the granule

stages, and this has caused him to adhere to the opinion that

Kurloff's bodies must be classed with the Chlam)'dozoa, symbiotic

structures, or vaccine inclusions.

Early in 191 1, while examining a guinea-pig's blood by a new

jelly method of examination of blood cells, H. C. Ross saw Kurloff's

bodies, and pointed out to me that the method demonstrated the

probability of their parasitic nature. The new method, which was

devised partly at the suggestion of Sir Ronald Ross, K.C.B., has

already been fully described (H. C. Ross, 1909) ; the bodies then seen

were in the earlier stages of their development. But the inclusions

stood out so clearly by this method that I determined to continue

the observations, for this technique seemed to show details of

structure which had not been described before; and since by the

new process the bodies can be subjected to the action of various

stains and chemical agents there was a possibility of the phases of

their development being observed. I may state that I have now

been able to convince myself that these bodies are living parasites

of the mononuclear white corpuscles (lymphocytes), and henceforth

in this paper I propose to call them such.

I use a modification of the original jelly method—it is as

follows:—A 2 % solution of agar in water is boiled, sterilised and

filtered. To 5 c.c. of the filtrate is added 05 c.c. of a 10 % solution

of sodium chloride in water, and o'5 c.c. of a i % solution of

Azur II in water. The total bulk of the mixture is made up to

10 c.c. in a test tube. When molten, a small quantity of the jelly

is allowed to spread itself in a thin film on a microscope slide and to

cool and set. Then a drop of guinea-pig's blood (or citrated blood)

containing Kurloff's bodies (about 90 per cent, of the guinea-pigs

examined by me, and which were obtained from dealers in England,

are infected) is placed upon a cover-glass, and this is inverted on

to the set jelly. The blood spreads out between the cover-glass and

the surface of the jelly, and, after an interval of five minutes,

during which the blood corpuscles come to rest, the specimen ma)

be examined under the higher powers of the microscope. After a

further interval of a few minutes—the exact period varying slightly

with the temperature of the room—the granules of the leucocytes

begin to stain, after which their nuclei gradually stain a deep blue;
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the contours of the erythrocytes, as well as those of the leucocytes,

show up clearly, and the method is a pretty example of in vitro

staining. In some of the larger mononuclear cells the colourless

parasites will be noticed at one side of the protoplasm. These

parasites are inside the cell, because the shape of the nucleus of the

lymphocytes is moulded according to the size of the parasite, which

grows larger as it develops—in its youngest stages it is small, while

in its last intracellular stages it bulges the lymphocyte cell well and

squeezes the nucleus into a small space; this point is of interest

because, as Hunter has shown. Patella claimed that Kurloff's bodies

lie upon and not in the lymphocytes. In cells containing the larger

parasites smaller vacuoles can also be seen; these latter always

remain clear and transparent even when examined on stain-

containing jellies, and they vary in numbers, and slightly in size,

in different examples. It has been suggested that these smaller,

subsidiary vacuoles are polar bodies, but more probably they contain

excretory products of the lymphocytozoa into the cytoplasm of their

hosts, for they become larger and more numerous as the parasite

grows.

When examined on the jelly, and immediately before the

staining of the nucleus of the leucocytes, the contents of the

parasites begin to stain*—the internal chromatin structure of the

spherical sac embedded in the lymphocytes' cytoplasm becomes

purple and remains stained for several hours, so that its

examination is readily made. If the bloods of a number of infected

guinea-pigs are watched in this manner from day to day what

appear to be the successive stages of the growth of the parasite in

the lymphocyte can be seen and drawn ; but the leucocytes of a

single animal at any particular moment contain, usually but not

always, parasites in the same stage of development. The cycle,

however, can be followed by observing the blood of one guinea-pig

hourly.

*It must be emphasised that if the jelly contains excess of salts or impure
stains, the wall of the parasite will stain in an irregular manner, and then patches
of stain will hide its contents. Furthermore, if the blood on the jelly dries, or
if the blood is fixed in any way, the same thing occurs. Similarly, patchy
staining is obtained by the various fixed film methods in vogue, as, for example,
Romanowsky's or Jenner's stains. Even Azur stain, when applied to the dried
or fixed films of blood, will not demonstrate the details of the development of
the parasite. No alkali should be added to the jelly.
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The interpretation which I place upon the appearances I have

seen are as follows:—The parasite presents itself, in the smallest

phase of its intracorpuscular cycle, as a tiny translucent body

embedded within the cytoplasm of the larger mononuclear blood

corpuscles and near the periphery of those cells. Usually one of

such bodies is present in any one cell, but occasionally two or even

three parasites may occur in the same cell. The parasite, in this

early stage, contains a double purple dot (PI. VI, figs, i, 2) ; in this

phase it resembles the Leishman-Donovan bodies found in human

leucocytes in cases of Kala Azar. When first seen the dot is

motionless, but after a time on the jelly, as the lymphocyte host

becomes disorganised, it may show some Brownian movement. In

the next stage the parasite is larger, and the chromatin dot has

divided into two or more dots until the sphere-like sac may be

packed with them (fig. 3). Then each dot becomes dumb-bell

shaped (fig. 4), and again, by a simple process of elongation, rod

shaped (figs. 5, 6, 7). The parasite may contain one of these rods

(fig. 9), or it may be full of them—the actual numbers varying in

different examples. Sometimes a parasite may contain one or more

rods, some dumb-bells, and some dots. But the size of the parasites

increases steadily with these successive stages of the development of

their contained chromatin (compare figs, i and 15). During the

rod formation, the smaller subsidiary vacuoles already mentioned

appear in the cytoplasm of the host cell (figs. 3, 5, 12); they never

contain any chromatin and remain unstained. With its growth the

parasite begins to compress the nucleus of the lymphocyte (figs. 13,

14), and the wall of the latter can be seen as a shell enclosing the

parasite (figs. 14, 15, 16). The rods grow longer and thicker

(figs. 8, 9, 10) until they stretch across the parasite, and their ends

may be doubled against its wall, and they may then present in

optical section an erroneous impression of flattening or a terminal

bulging (figs. 8, 13, 14). In the next stage a stout flagellum grows

out from both ends of the rod (figs. 8,11, 12, 13), which becomes

rolled up in a coil within the sphere (figs. 13, 14, 15). The rod with

its two flagella splits longitudinally in its whole length (figs. 8, 12),

and this process of splitting takes place again and again. The
fission throughout is always lengthwise, never transverse. A
specimen in this stage will show the parasite, now equal in size to
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the original dimensions of its host-cell, bulging the wall of the

latter, compressing the nucleus into a small space, and containing

vv'ithin its interior a mass of woven, twisted, and intertwined purple

threads, a conglomerate maze of worm-like spirilla staimed red by

the Azur dye (figs. 15, 16).

Arrived at its maturity, the parasite breaks away from the shell

of its host-cell and then bursts, setting free the threads into the

plasma (fig. 17). But the flagellate forms, owing to the fact that

they are stained, are dead and motionless, and they may remain

attached to the shrunken sphere sac, their ends waving in the

currents set up.

It was found very difficult to demonstrate the motile, flagellate

forms of the parasite when free in the blood. They cannot be seen

then by the jelly method, because, probably, they stain momentarily

as the trypanosomes do, and immediately die and become

achromatic, and unless stained they are not visible. By the

examination of ordinary wet films of the blood I was unable to

demonstrate the presence of these free flagella, although a

disturbance of the corpuscles was frequently seen. But the blood

of some infected guinea-pigs, drawn under all aseptic precautions

and examined by the dark ground illumination, showed

free-swimming spirochaete-like bodies. It was not until the

blood of highly infected guinea-pigs containing full matured

lymphocytozoa was treated with an equal part of a i % solution of

' globin '* and incubated at 37° C. for eight hours that the free

flagellate forms in the blood plasma could be fixed and stained by

ordinary methods (fig. 18). Even by this process it is not always

possible to demonstrate them, and the maceration involved gives

them the appearance of spirilla with blunt ends. However, some

of the spirilla obtained after the treatment with the ' globin ' show

the wavy outline of spirochaetes. Sir Ronald Ross was the first to

suggest that these flagellate forms constitute the gametes of the

parasite; this seems quite probable, though no separate female form

has yet been noticed. It will be remembered that Lewis suggested

that trypanosomes are sperms, and, perhaps, these spirochaete-like

bodies are similar stages of a larger parasite.

*The filtrate of a solution of haemoglobin which has been precipitated by
heat. H. C. Ross claims that this substance induces the division of certain cells.



74

What may possibly be the last phase of this parasite has

occasionally been seen in preparations which had been submitted to

the action of ' globin ' for a further period of four hours. It is an

object which resembles somewhat the trypanosome ' latent bodies
'

described by Moore and Breinl (fig. 19). Hunter has also mentioned

the presence of amoeboid forms of this parasite being free in the

plasma, but he does not picture them. These may be the form now

drawn (fig. 19).

Dr. J. W. Cropper and I have repeated and can confirm the

experiments of Ledingham (1906) and Hunter (1909), namely, that

newl}--born guinea-pigs do not show these lymphocytozoa in their

blood. Although a pregnant animal may be markedly infected,

the young, when born, possess no parasites. As has been already

observe^ by these writers and by Schilling (191 1), the number of

parasites found in both the peripheral blood and in that of the

internal organs of any one infected guinea-pig varies greatly from

day to day. The parasites seem to appear in large numbers, to

diminish, to disappear, and then, after a varying period of time,

to reappear. Except for a slight anaemia, shown by the presence

of an increased number of erythroblasts in the peripheral blood,

the guinea-pigs do not suffer apparently. The livers of many of

these infected animals show, however, single or multiple white

patches of necrosis varying in size between that of a pin's head to

that of a large pea, and extending into the substance of the organ.

But we have no proof, as yet, of their direct relation to the parasite.

Fixed specimens of the various stages of the development of this

parasite may be made by substituting an equal amount of a i %
solution of caustic soda in the jelly for the sodium chloride solution.

By this means the red blood corpuscles are laked, but the nuclei

of the leucocytes and the chromatin of the lymphocytozoa stain well.

The cover-glass can then be lifted from the jelly and mounted while

still wet in Canada balsam. Many of the leucocytes with the

contained parasites will adhere to the cover-glass and will retain

their stain.

Since writing this paper, Hindle has published a preliminary
note (Hindle, 191 1), 'On the Life-cycle of Spirochaeta gallinarum'
He asserts that these spirochaetes possess an intracellular stage
within the cells of the Malpighian tubes of the tick, Argas persicus.
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In view of the life-history of this lymphocytozoon of guinea-pigs

his work is of great interest.

I have to express my indebtedness to Dr. J. W. Cropper and to

Dr. H. Bayon for their help in these researches; the latter was the

first to recognise the free-swimming, spirochaete-like bodies. I also

wish to thank Professor Minchin and Dr. Martin for much help and

advice and the interest they have taken in this work.

SUMMARY

Kurloff's bodies are parasites, l}'mphocytozoa inhabiting only

the mononuclear cells of the guinea-pig's blood.

These lymphocytozoa have an intracorpuscular stage, and

ultimately give rise to free-swimming, spirochaete-like bodies, which

may be gametes.

The development of the spirochaete-like body is demonstrated.

The name Lymphocytozoon cobayae is suggested for this

parasite.
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PLATE VI

Lymphocytozoon cobayae.

For Explanation of Plate see text.
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AN IRON-HAEMATEIN STAIN.

WITH KEMARKS ON THE GIEMSA STAIN.

By HARALD SEIDELIN, M.D.

^ {From the Lister Institute, Zoological Department.)

Plate V.

For general purposes, especially in haematological work, the Giemsa

method, based on the Romanowsky principle, is certainly the most

satisfactory stain for Protozoa. For certain structures, however, and in

general as a control of the Giemsa stain, it is always necessary to have

at one's disposal another method which will give particularly clear

pictures of the nuclear elements (sec e.g. Minchiu, 1909). Of the

different methods which are employed for this object the iron-

haematoxylin stain is probably the most valuable and the most

frequently used. There are, however, several circumstances which are

unfavourable to its use as a universal stain. Its principal dis-

advantage is, that a differentiation is essential : the preparation is

first deeply over-stained and the colour is afterwards extracted to the

degree which is deemed convenient in each particular case. This

extraction is always somewhat irregular, so that the observation,

especially of intra-corpuscular parasites, is sometimes made very

difficult, and it is not often jjossible to obtain in a single specimen

a satisfactory stain of all the different elements. This difficulty is

enhanced by the fact, that the red blood-corpuscles generally retain

a deep grey, or almost black, colour. Further, a rather serious draw-

back is that in sections where greater masses of blood, and particularly

blood-clots, are present, it is almost impossible to distinguish either

intra- or extra-corpuscular parasites; to make such masses of blood
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transparent it is necessary to differentiate so much, that the nuclei are

also decolourized. A certain inconvenience is also experienced because

of the long duration of the staining process, at least 30 hours Avhen the

original Heidenhain's method (1896) is adhered to ; and although the

more recent modifications, especially that of Rosenbusch (1908), have

to a great extent overcome this difficulty, they still suffer from the two

other disadvantages referred to.

I have therefore endeavoured to develop a quick and reliable stain

of a similar nature, which does not require a differentiation. Beginning

with the fact that haematein, as a rule, stains less diffusely than

haematoxylin, I tried systematically mixtures of alcoholic haematein

solutions and watery solutions of lithium carbonate, and obtained an

excellent colouration of the tissue-nuclei, but did not find it satisfactory

for Protozoa. The following formula gave the best results, staining

5 minutes

:

Haematein sol. (1 -/o in 96 "/o ale) ... ... 1 c.c.

Distilled water ... ... ... ... ... 4 c.c.

Saturated aqueous solution of lithium carbonate 5 drops.

Afterwards different combinations of iron-alum and haematein were

tried, but always gave diffuse stains, so that a differentiation could not

be dispensed with. Then I proceeded to experiment with alcoholic

haematein and watery iron-perchloride solutions, after the manner of

Weigert's iron-haematoxj'lin method (1904), which is known as an

excellent nuclear stain for histological purposes, but as a rule does not

stain Protozoa well. The following combinations were tried, A being a

1 per cent, solution of haematein and B the iron-perchloride solution of

Weigert

:

4 A -f- 1 B diffuse stain

3 A -t- 2 B good, both for sections and films

2^ A -}- 2^B good for sections, but too weak for films

2 A + 3 B faint

1 A -I- 4 B very faint.

I shall now describe the necessary details concerning the process.

It is evidently only a slight modification of Weigert's method, but I

believe that the difference will be found to make the present method

useful in a certain number of cases, where Weigert's cannot be used.

Fixation. Sublimate-mixtures give the best results. I prefer

Schaudinn's liquid : two parts of a saturated aqueous solution of mercury
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bichloride and one of absolute alcohol. When this fixation is used, the

pieces of tissue must be very thin, not more than 2-3 mm., but squares

of about one cm. may be allowed. The tissues should be left in the

fixative for 12 hours or more—two hours are sufficient for coverslip-

films—but both may remain in it for over 24 hours without any

bad effect. The fragments are then passed into 60 Yo alcohol, and

subsequently into 70% alcohol containing a small quantity of iodine,

sufficient to give it a pale yellow colour; thereafter to 90
"/o alcohol

and absolute alcohol, allowing one day in each of the four liquids.

Clear thoroughly in xylol, pass to xylol- paraffin then paraffin, and

finally embed quickly in pure paraffin. The sections should be cut

as thin as is compatible with the particular purpose in view. For

trypanosomes it is generally not advisable to use sections of less

than five /a in thickness. They should be fixed on clean slides after

simply floating them on warm distilled water (about 40° C.) and

without using any fixative such as albumen glycerin. Films are

treated in the same way, only they are not brought further forward

than 90 Yo alcohol. I have also stained formalin-fixed sections with

fairly good results. Osmic vapour fixation of films has so far not proved

successful, but I have not had the opportunity of trying to bleach these

preparations with hydrogen peroxide previously to the staining, which

might well modify the results. On the other hand, the bleaching of

sections of tissue fixed in Flemming's liquid has not made it possible to

obtain a good stain.

The staining process. After dissolving the paraffin in xylol the

sections are passed through alcohols of diminishing strength to tap

water (or distilled water). This is important, as they do not stain well

when taken directly from alcohol into the stain, in spite of the latter

being an alcoholic solution. The staining liquid is prepared about

15 minutes before being used, as it does not stain well immediately

after mixing; it may be kept for about two hours, but will not stain

after a longer period. It is prepared by thoroughly mixing three parts

of solution A and two of B. The solution A is prepared by adding one
gram of pure haematein (Griibler) to 100 c.cs. of 96% alcohol, and

shaking repeatedly without heating. The whole quantity is not

dissolved, but the solution is preserved with the residuum and, if not

completely transparent, filtered before use. The solution B is com-
posed as follows, after Weigert : perchloride of iron 4, hydrochloric

acid 1, distilled water 100. The slides are left for about five minutes

in the mixture, with the sections downwards, and for this purpose there
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are in use in Prof. Minchin's laboratory some very convenient glass-

dishes of the exact size of a slide, so that a comparatively small quantity

of the staining solution is necessary. A longer time than five minutes

is only very rarely necessary, but the staining may be controlled at any

moment by examining the preparation with a low power after washing,

and the slide may then, if necessary, be returned to the mixture. For

showing the structure of certain nuclei, for instance of lymphocytes, an

even shorter time in rare cases ma}' be preferable. The sections are

washed in tap water for several minutes ; a longer washing, even of

several hours, does not harm them, and may sometimes be useful in

making the colour blacker, if it is too blue. They are subsequently

taken through alcohols of increasing strengths to absolute and then

xylol, and are mounted in Canada-balsam, or Damarlack,

Results. The stain has been tried on the different materials

containing Protozoa, which have been available at the present time,

especially on smears of rat-blood containing Trypanosoma lewisi, also

on the contents of the digestive tube of leeches containing trypanosomes

from fresh-water fishes ; most of the latter forms were very small, and

many of them extremely slender and very difficult to stain by any

method. The stain was further applied to many sections, e.g. of leeches

containing the above mentioned trypanosomes, and of human spleen

infected with Leishmania donovani; also some sections without Protozoa

were treated with the stain in order to try its value as an ordinary

histological method. The tests, to which the methods have been

subjected, have therefore been varied, if not very numerous, and several

of them have been rather severe. As a rule it may be said that the

stain has given the same results as the iron-haematoxylin method, but

in much less time. In some cases it has proved distinctly superior,

especially in some of the sections of leeches, which contained compact

masses of half digested blood ; an excellent result was obtained by the

present method, whilst the preparations stained after Heidenhain or

Rosenbusch were quite useless, as either the whole mass presented a

nearly uniform black colour, or else, when the decolouration was carried

far enough to make out details, the trypanosome nuclei were decolourized

also.

The karyosome and chromatin-structures stain black, the kineto-

nucleus being especially dark ; the flagellum is grey and shows very

sharply whilst the protoplasm takes a pale grey colour. As mentioned

above, instead of the proportion of 3 to 2, equal parts of the two

solutions may be used in sections when a particularly strong contrast

7—3
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is desirable. The protoplasm then remains nearly unstained, the

structure of the tissue-nuclei is shown beautifully, and it deserves

especial mention, that the limits between the cells in the several

different types of epithelia are remarkably well defined.

For histological purposes a combination of this stain with the acid

fuchsin—picric acid—acetic acid solution of Hansen (1898) gives far

clearer pictures than the so-called van Gieson's stain as ordinarily

employed. It may of course also be combined with any other counter

stain, just as the ordinary haematoxylin-niethod, but generally with

better results, as the protoplasm comes out more sharply in the colour

of the counter stain, because it absorbs haematein to a much less

degree than it does haematoxylin.

I consequently believe, that the staining process will not only be

a useful substitute for Heidenhain's method in protozoological work,

but also that it may take the place of the different haematoxylin-

combinations in most cases, especially as it is both rapid and easy to

carry out. However, as to its principal advantages, I may emphasize

the fact that it gives a good stain in certain cases where no other

haematoxylin-method can be used, and that it does away with all

differentiation, a circumstance which adds greatly to the reliability of

any stain. The rapid execution will be of value especially for work in

tropical countries, where it is always inconvenient to keep preparations

for a long time in watery solutions.

This method certainly does not compete with the Romanowsky
stains, especially the Giemsa and Leishman methods, which have a

field of their own in the rapid diagnosis of malaria and other blood

diseases, and which have the great advantage of not producing any

confusion between chromatin and pigment, between which it is some-

times difficult to distinguish in sections stained by iron-haematein, or

haematoxylin. In more detailed work the use of both the Giemsa and

the iron-haematein-stains will generally be necessary.

In PI. V some figures are given, which illustrate the results

obtained. The method may be summarized as follows

:

I. Sections.

1. Fixation in sublimate-alcohol with ordinary subsequent opera-

tions, embedding in paraffin.

2. Sections 5 //, in thickness, or less. Sections to be fixed on slides

without any medium.
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3. Passage through xylol, and alcohols of diminishing strengths to

distilled, or tap water.

4. Staining for 5-10 minutes in a mixture of 3 pts. Solution A,

and 2 pts. Solution B, which has been prepared not less than 15 minutes

and not more than 2 hours. Sometimes equal parts of A and B may
be used.

5. Washing in tap water for 5 minutes or more.

6. Passage through alcohols of increasing strengths to absolute

and then xylol.

7. Canada-balsam or Daraarlack.

II. Films.

The only differences are, that these are not brought up to xylol

after hardening, but passed from 90 "/o alcohol to water, and that the

mixture of 3 A + 2 B is the only one that gives good results.

After the staining they are treated exactly like sections, never

being allowed to dry.

Remarks on the Giemsa stain.

The Romanowsky-stain has always been very difficult to apply to

sections, in all its different modifications. Leishman's method gives

fairly good results, but it is a great drawback that, for obtaining them,

it is always necessary to be in possession of fresh serum (1904). Also

Giemsa's method was originally intended only for smears which had

been dried and fixed. But fortunately it now gives, when the principles

laid down by Giemsa in his later publications (1910, 1 and 2) are

strictly adhered to, excellent results also after wet fixation of film.s, and

when applied to sections. In details some slight modifications may be

made, whereby still better results may, in my experience, be obtained.

As the method, which should certainly prove extremely useful, strangely

enough does not seem to have come into general use, I shall describe

the technique as I have now been using it on different materials for

a considerable length of time. In fact, I had employed the acetone-

differentiation a long time before the appearance of Giemsa's papers on

that subject, but I only obtained the very best results after having

become acquainted with the elaborate details, with which the author

himself describes the method. Therefore the reader also must be
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referred to the original publications, more especially to thep first of the

two referred to.

Fixation. Tissues must be fixed in sublimate-alcohol, as recom-

mended above. No other method gives, as far as I have tried, useful

results, and it must be especiall}' mentioned, that the addition of acetic

acid to the sublimate-alcohol detracts from the value of the stain.

When films are used, a preliminary fixation may take place in osraic

acid vapours, as recommended by Minchin (1909). The following

procedure is the same as that described for the iron-haematein method.

It is important not to use glycerin albumen for fixing the sections on

the slides.

Staining. After taking the sections through the different alcohols

I have found it preferable, instead of passing them first to distilled

water, to leave them in tap water until transferred to the staining

solution. Sometimes it is not necessary to use the somewhat complicated

process of dissolving any traces of sublimate that may remain, which

Gienisa recommends. If very thin fragments of tissue are fixed the

sublimate is completely taken away by the iodine-alcohol which is

employed during the hardening procedures ; but if only few .sections

are at one's disposal it may be the wiser course not to omit this

precaution. A prolonged staining gives the best results. I generally

use a dilution of 1 to 20 {i.e., 1 drop of Giemsa's solution to each c.c. of

water) for 1 hour, and then change to a dilution of 1 to 40 (1 drop to

each 2 c.c.'s), in which the sections are left for about 20 hours, but

sometimes I have left them for 2 or 3 days in the weaker solution and

still obtained very good results. The water employed for the dilution

must be distilled and have been exactly neutralized, or slightly alkalinized,

after titration, with a haematoxylin solution as indicator, as Giemsa

describes it. (The water must turn a faint blue in the course of from

one to five minutes after the addition of one to two drops of an alcoholic

haematoxylin solution to ten c.c.'s, or potassium carbonate solution must

be added till that point is reached.) The water, which I have been

using, has generally needed the addition to each ten c.c.'s of about two

drops of a cold saturated potassium carbonate solution, but the actual

proportion undoubtedly varies very much, so that a frequent titration

is inevitable. An omi.ssion of this step in the technique invariably

spoils the results. The slides are preferably stained with the sections

downwards, using for that purpose the glass dishes mentioned above.

It is also important, that both the stronger and the weaker staining

solutions should be prepared immediately before being used ; when left
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even for a short time they lose in staining power. From the staining

solution the preparations are passed to tap water, not to distilled water^

and then into pure acetone, or this liquid is continually dropped on the

slide until the desired differentiation is obtained. When the prepara-

tions have been strongly over-stained the decolouration may take a long

time, very often half an hour or more, and then one seems to get the

best results. The progress of the differentiation should be frequently

controlled under the microscope. From pure acetone, which I prefer to

the first mixture of Giemsa of 9o acetone and 5 xylol, the section passes

into the second mixture of 70 acetone and 30 xylol, and after 5 minutes

into a third mixture of 30 acetone and 70 xylol. It is decidedly better

to use these three steps, instead of only two as Giemsa recommended.

It sometimes happens, however, that the last named mixture of acetone

and xylol becomes cloudy, but it seems to keep clear when both the

xylol and the acetone are very pure ; if it becomes cloudy at least equal

parts of the two substances may be used. It is certainly not convenient

to pass the specimens directly from 70 acetone and 30 xylol into pure

xylol. After five minutes in each of the two mixtures pass into pure

xylol, which should be changed once so that no trace of acetone may be

left. The sections may be mounted in Canada-balsam, but 1 have for

some time been using Damarlack, in which they should keep much
longer without fading, if we can draw any conclusions from experience

with other stains, which would seem to last much longer in Damarlack,

as I have learned from Prof. 0. J. Salomonsen in Copenhagen.

Results. This method has been tried during the last few months

on the same material as the iron-haematein stain and at an earlier date

on a good deal more. The different elements stain in the same way as

by the ordinary Giemsa method and the results have been uniformly

good on material which had been fixed in sublimate-alcohol, whilst

after formalin and osmic acid they have been as constantly negative.

If there is any difference, the chromatin stains still better than in dry

preparations, and I can quite confirm Giemsa's assertion, that in blood

smears and other films better results can be obtained after wet fixation

than by the dry method.

It may be convenient to give a brief summary of this technique

also, though the differences from the one given in Giemsa's paper are

very small

:

1. Fixation, hardening, and embedding as above.

2. Sections of a uniform thickness of 5 fi, or less.

3. Xylol, alcohols of diminishing strengths, tap water.
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4. Water, to which Lugol's iodine-sohition has been added in the

proportion of 2 to 100, 5-10 minutes,

o. Water.

6. 05 7o sohition of sodium thiosulphate, 5-10 minutes.

7. Tap water, 5 minutes or more.

8. Diluted Giemsa-solution 1 : 20 in distilled water, which has

been neutralised (haematoxylin-indicator) with potassium carbonate

solution, 1 hour.

9. The same 1 : 40, 20-24 hours.

10. Wash in tap water.

11. Differentiate in pure acetone. (Contr(>l under microscope.)

12. Acetone 70, xylol 30, 5 minutes.

13. Acetone 30, xj'lol 70, 5 minutes.

14. xylol, 5 minutes.

15. Fresh xylol.

16. T)amarlack.

I wish to express my thanks to Prof. E. A. Minchin for his kind

permission to work in his laboratory, and to Dr H. M. Woodcock and

Miss Muriel Robertson for material and for having tried the stain. I

am also indebted to Dr J. W. W. Stephens for some material.
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EXPLANATION OF PLATE V.

All the figures have been drawn from iron-haematein preparations with Zeiss's prism,

using Zeiss's apochr. obj. 3 mm. or 2 mm. and compens. oc. 18. Figs. 1-5 x 2000,

Fig. 6 X 3000. My thanks are due to Miss M. Rhodes, of the Lister Institute, for executing

the drawings.

Fig. 1. Trypanosoma lewisi in film, using the wet method. (Fixation in Schaudinn's

liquid.)

Figs. 2, 3. Fish trypanosomes from digestive tube of leech {Hemiclepsis marginata) ; wet

method. (Schaudinn's liquid.)

Fig. 4. The same in the interior of the half digested mass of blood, in section of leech.

(Schaudinn's liquid, paraffin section.)

Fig. 5. Part of digestive tube of the same leech. To the right are the epithelial cells ; to

the left the partially digested blood, and between both the trypanosomes, of which

only a part of the body is to be seen, most of them having been cut through in an

irregular manner.

Fig. 6. Leishmania donovani in section of spleen. The outline of the nucleus of the host

cell has come out too darkly in the reproduction. (Formalin, paraffin.)
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THE ACTION OF THE LIVER ON THE SIMPLER
SUGARS. By IDA SMEDLEY, Beit Memorial Research

Felloiu.

{From the Lister Institute.)

In spite of the investigations of numerous workers, the mechanism by

which dextrose is transformed in the body remains completely unknown.

No certain evidence has yet been obtained that sugar can be changed

by the action of any isolated organ, if the experiments carried out on

the isolated heart, in which alone the disappearance of sugar has been

satisfactorily established, are excepted (Locke and Rosenheim^). The

action of the body organs on the simpler sugars has however been little

investigated. Experiments with the simplest sugar, glycollic aldehyde,

were carried out by P. Meyer'-^ who injected subcutaneously doses of

from five to ten grams; neither glycollic aldehyde, glycollic acid nor

glyoxylic acid was identified in the urine but when doses of more than

five grams were given, dextrose was detected. Injection of the corre-

sponding glycol (CHaOH—CH2OH) led to the excretion of glycollic acid

in the urine.

I have carried out experiments in which solutions of glycollic

aldehyde (CH^OH.CHO), glyceric aldehyde (CH^OH.CHOH.CHO),
di-hydroxy-acetone (CH.OH.CO.CHoOH), xylose and dextrose were

subjected to the action of minced liver tissue.

The glycollic aldehyde used was prepared by the method described

by Fenton^ The solution obtained by heating a solution of dioxymaleic

acid was used without isolating pure glycollic aldehyde.

The solution of glyceric aldehyde was obtained by Wohl's method^;

the aldehyde was not isolated in the pure state but the syrup

obtained on concentrating the solution of the aldehyde under diminished

pressure was at once used. In some of the experiments, the melting-

point of the osazone showed that partial conversion into acrose had

occurred ; in these, the reducing power of the solution was not entirely

removed after incubating with the liver tissue. "When however the

1 Locke and Rosenheim. This Journal, xxxvi. p. 205. 1907.

2 Ztschr. phjjsiol. Chem. xxxviii. p. 134. 1903.

^ Journ. Chem. Soc. lxvii. p. 774. 1895.

* Wohl. Ber. xxxi. pp. 1796, 2394. 1891 ; Wohl and Neuberg, xxxiii. p. 3095. 1900.
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ineltino'-polnt of the osazoue corresponded with that of the pure

p-lycerosazone (132°), the reducing power of the sugar sohition completely

disappeared after incubation.

The method adopted was as follows : 40 c.c. of a solution of the sugar

to be investigated and 10 c.c. of a normal solution of sodium-bi-carbonate

were added to 50 grams of minced pig's liver and the mixture saturated

with CO.,. After shaking for from 15 to 30 minutes, the mixture was

left from three to four hours at 37°. Ten c.c. of normal sulphuric acid

and 50 c.c. of dialy.sed iron solution were then added and the whole

made up to a known volume, generally to between three and five

hundred c.c. The reducing power of the filtrate was determined by

Bertrand's method. Control experiments were carried out in which

an equal weight of liver and an equal volume of the sugar solution

separately underwent similar treatment, and the reducing power of the

three filtrates at the same degree of dilution was compared.

In liie following table the number of milligrams of copper reduced

bv 20 c.c. of the sugar solution, are shown.

Substance



ACTION OF LIVER ON SUGAR. 205

It will be seen that no change in the reducing power of the solutions

of xylose and dextrose was observed, nor did the solutions of di-hydroxy-

acetoue show any alteration in reducing power, but the reducing power

of the solutions of glycollic and glyceric aldehydes disappeared or was

markedly diminished. After treating a solution of glyceric aldehyde

with minced liver for from three to four hours, the aldehyde completely

disappeared ; the solution no longer reduced at ordinary temperature

nor did it give the characteristic phloroglucinol reaction. The action

of the liver is not comparable with that of dilute alkalis on glyceric

aldehyde, for whereas the latter readily effect the transformation of this

aldehyde into acrose, the substance formed by the action of the liver is

without reducing properties and no longer therefore contains an aldehyde

or ketone group.

An enzyme capable of transforming glyceric aldehyde but incapable

of acting upon dextrose must therefore be considered to be present in

the liver. It is possible that this reaction may be considered to be a

step in the normal metabolism of sugar and that the rapid removal of

glyceric aldehyde by the liver may have prevented its detection. No
evidence which would indicate the transformation of sugar to glyceric

aldehyde in the body has however yet been obtained.

It has been shown by Parnas that an enzyme, termed by him

aldehyde mutase, is present in the liver capable of converting fatty

aldehydes quantitatively into the corresponding alcohol and acid^

2RCH0 + H2O = RCH.OH + RCOOH.

Although isovaleric aldehyde and the higher fatty aldehydes are

quantitatively transformed into the corresponding alcohols and acids by

the liver tissue in vitro,yet the comparatively stable higher fatty alcohols

have been detected neither in the liver nor in the blood. It is still

therefore a matter of uncertainty whether fatty aldehydes are normally

formed in the body and there undergo the Canizarro reaction as above

described.

Since glycerol is the alcohol normally occurring in the body, it is

possible that the work of the aldehyde mutase may be to produce

glycerol and glyceric acid from glyceric aldehyde and that this may

occur as a normal stage in carbohydrate metabolism. I am at present

investigating whether the action of the liver on the simpler sugars is

similar to that described by Parnas on fatty aldehydes.

1 Biochem. Ztschr. xxviii. p. 274. 1910.
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The Chemical Action 0/ Bacillus cloacse (Jordan) on Glucose and

Mannitol.

By James Thompson.

(Communicated by Arthur Harden, F.R.S. Received November 22, 1911,—

Read February 1, 1912.)

(From the Biochemical Department, Lister Institute.)

The close relationship of B. doaccc (Jordan) to B. lactis aerof/cnes (Escherich)

suggested the investigation of the chemical action of the former on ghicose

and mannitol. The two organisms are lactose-fermenting bacilli, allied to

B. coli communis, and showing a close resemblance to each other in their

biological characteristics. B. lactis aerogenes is a non-motile, Gram-negative,

non-liquefying bacillus, a facultative anaerobe which produces acid and

clotting in milk. B. cloacce is a facultative anaerobic bacillus, actively motile,

Gram-negative, slowly liquefying gelatine, and producing acid and clot in

milk. The chief biological characters of the organisms will be clearly seen

in the following table, in which -f- means acid and gas, — no action :

—

Cane
Glucose. Lactose. sugar. Dulcitol. Dextrin. luulin.

B. cloacce -f

B. lactis aerogenes .. -\-

Harden and Walpole* have already fully investigated the products of the

decomposition of glucose and mannitol by B. lactis aerogenes, and a comparison

of their results with those to be obtained from B. cloacce presented a problem

of considerable interest, owing to the fact that both organisms give the

Voges and Proskauer reaction. This reaction is due to the presence of

acetylmethylcarbinol, which is closely related to butylene glycol, a substance

which had been found as one of the products of the fermentation of glucose

by B. lactis aerogenes. The organism was grown anaiirobically in a medium

containing 1 per cent, of Witte peptone and 2 per cent, of the sugar in the

presence of chalk. The products were examined by the method outlined by

Hardenf in his investigation of the action of B. coli communis on glucose.

An alteration in the method of collecting the evolved gases was made,

with the object of eliminating the error involved in collecting over saturated

brine, in which carbon dioxide is slightly soluble. I'he collecting apparatus

* 'Roy. Soc. Proc.,' 1906, B, vol. 77, p. 399, and 1911, B, vol. 83, p. 272.

t 'Chem. Soc. Trans.,' 1901, p. 610.

h

ctose.
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used consists essentially of an evacuated tlask of about 5 litres capacity, and

has been fully described in a previous paper.*

A, Action of B. cloacae on Glucose.

The substances produced by the action of B. cloaccc on glucose were found

to be the same as those found in the case of B. lactis aerogencs, viz., acetic

acid, lactic acid, succinic acid, formic acid, ethyl alcohol, carbon dioxide, and

hydrogen. No trace of marsh gas was detected. As in the case of B. lactis

aerogcnes the culture medium at the end of the fermentation gave Voges

and Proskauer's reaction, and there was also production of butylene glycol,

amounting to 19 per cent, of the sugar. The relative proportions of the

products of fermentation differed considerably from those of B. coli communis

and, in a less degree, from those of B. lactis aerogenes. These variations are

shown in the following tables. The actual percentages by weight of the

products on the glucose fermented in two separate determinations are given in

Table I, ColiSnns 1 and 2. For comparison, in Column 3 are given the results

of a typical fermentation of glucose by B. lactis aerogenes, and in Column 4

those of a similar fermentation by B. coli communis. Table II shows the

number of carbon atoms per molecule of glucose represented by each product.

On comparing the results given in Table I it will be seen that the ratio

uf hydrogen to carbon dioxide by volume, viz. 0"3 : 1, in the gas evolved

from glucose by B. cloacce is somewhat smaller than in the case of B. lactis

atrogencs (= 0"-42 : 1), and markedly less than for B. coli coiiiinunis{= 1"19 : 1).

Theobald Smithf gives the characteristic ratio for B. lactis aerogenes

Glucose.

Table I.—Percentafies.
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Glucose.

Table II.—Carliuu Atoms.
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Production of 2.'6-Butylcne Glycol hy B. cloacae.

A medium contaiuing 50 grm. of glucose in 1 litre of a 1 per cent,

solution of Witte's peptone, to which had been added 10 grm. of chalk,

was inoculated with the bacillus. After six weeks' incubation at 37°,

the liquid was distilled to dryness under reduced pressure at 40°. The

dry residue was extracted with boiling absolute alcohol, and the alcoholic

solution distilled at 40° under reduced pressure. Tlie residue, weighing

10-6 grm., was fractionated at normal pressure. A fraction distilling

between 178° and 184°, weighing O'o grm., which solidified completely in a

freezing mixture, was obtained. Tliat this substance was 2.3-butylene glycol

was proved by converting a portion of it into diacetyl* by the action of

bromine water under the intiuence of light. From 4-5 grm. butylene

glycol was obtained 1 grm. diacetyl, from which was prepared the phenyl-

osazone.f After recrystallisation from alcohol and water the latter was

found to \\^e a melting point 243°.

B. Action of B. cloacas on Mannitol.

Considerable differences, while on the whole not so marked as in the

case of glucose, are also found on comparing the results of the fermentation

of mannitol by B. cloacae with those of B. coli communis and B. lactis

aeroycncs. In Table III, Columns 1 and 2, are given the results of two

separate determinatiuns of the products resulting from the action of

B. cluaccc on mannitol, and in Colunnis 3 and 4 are given for comparison

the figures obtained by typical fermentations of mannitol by B. lactis

Mannitol.

Table III.—Percentages.
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Mannitol.

Table IV.—Carbon Atoms per Molecule of Mannitol.

B. cloacae.
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A REPLY TO MISS PORTER'S NOTE ENTITLED "SOME
REMARKS ON THE GENERA CRITHIDIA, HERPETO-
MONAS AND TRYPANOSOMA."

By H. M. WOODCOCK, D.Sc,

Lister Institute, London.

In a recent number of Parasitology'^, Miss Porter, under the above

heading, complains because, in the Zoological Record for 1909 {Protozoa

division, p. 60), I put the generic names Crithidia, and Herpetomonas in

inverted commas, when applied to certain species ; on this ground she

charges me with allowing my personal opinions to influence me in my
compilation of the Record, my opinions being, according to her, "extreme

and decidedly opposed to the opinions of those who have worked personally

on the parasites in question." Incidentally, Miss Porter makes it appear

that my opinions are extreme and of little or no value.

I should not have troubled to I'eply to Miss Porter's remarks if she

had not criticised my conduct of the Protozoa division of the Record.

But as this criticism is calculated to mislead any general Readers who

may be interested in the Zoological Record but are not particularly

conversant with the point at issue, I propose to justify myself to them.

I am sorry that in doing so I shall have to show that Miss Porter's

method of criticism is not straightforward, but, on the contrary, distinctly

oblique.

To begin with, I will refute the charge that my opinions are extreme.

In the first place, Miss Porter quotes part only of the references to

Crithidia and Herpetomonas given on p. 60 of vol. 46 of the Record.

Immediately before the species she quotes, under the two respective

headings, are the following references :
" Cmthidia gerridis, general

account, Porter," etc. ; and " H. (i.e. Herpetomonas) vespae sp.n., H.

jaculum, Porter," etc. That is to say, the generic names are not put in

1 Vol. IV. pt. 1, 1911, p. 22.
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inverted commas when the references are to accounts of such parasites

fi'om non-blood-sucking Insects—including, it will be seen, the reference

to Miss Porter's own paper. In these cases they are given as indicating

real genera. It is only where such forms are described from blood-sucking

hosts that the inverted commas are used. Again, to leave the Record,

in my own article on Avian Haemoprotozoa, to which Miss Porter also

refers, on p. 713 is the following sentence: "One or two cases have been

described, however, of the occurrence of crithidial forms in what are

alleged to be non-sanguivorous Insects {eg. C. gerridis, from Gerris

fossarum, Patton) ; such parasites may apparently be regarded as true

Crithidiae, by Avhich we may understand Flagellates that have developed

a trypanomonad condition but which are restricted to an Invertebrate

host." This sentence is on the page on which I mention my discovery

of a Trypanosome in the blood of the sheep. Further, I quote the

followiug^entences (p. 244) from my article, written about the be-

ginning of 1908, on the Haemoflagellates in Lankester's Treatise on

Zoology, vol. i. Protozoa, to which Miss Porter also makes reference :

" Hence, summing up, there can be little doubt that certain of these

parasites of mosquitoes, especially those with trypaniform characters, are

connected with some Vertebrate host, just as are those of other blood-

sucking Invertebrates. At the same time, it is also probable that some

of the (typical) Herpetomonads found (e.g. those occurring in larvae, such

as Patton's form, also certain forms described by the Sergents) are simply

and primarily parasites of the Insect. Lastly, it is, of course, possible

that such a parasite may have developed a trypaniform condition as an

adaptation to the food of a sanguivorous Insect, without, however, hav-

ing become able to live in the Vertebrate host ; but so far no example

of such a case is definitely known." (I may say in passing, with regard

to the last sentence, that I would not go so far in that direction to-day

;

as I discussed in my recent paper on Avian parasites, I consider the

occurrence of a trypaniform phase in a blood-sucking Insect is almost

conclusive indication that the parasite in question is a Trypanosome.)

It is extremely doubtful, indeed, whether even any of the trypano-

monad ("crithidial") forms found in blood-sucking Insects can be

regarded as independent. It is true that I have not worked personally

on genuine crithidial or herpetomonad parasites from non-blood-suck-

ing Insects. But I have paid considerable attention to the characteristic

developmental phasesof blood-Trypanosomes,which occur both in cultures

and in the Invertebrate hosts. And knowing what I do about such

forms, as soon as I observed and studied " Crithidia " melophagia occurring
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in several sheep-keds taken from the same sheep, the conclusion was

irresistibly suggested to my mind that this parasite could be nothing

else than the trypanomouad form of a Trypanosome in the sheep. At

Miss Robertson's suggestion, she and I instituted a searching examina-

tion of the blood of that particular sheep, with the result that I found

the Trypanosome whose presence was suspected.

Having regard to all the known facts, the only reasonable and logical

view to take is that these parasites in blood-sucking Insects are phases

of some Trypanosome, especially lohere the Insects feed on animals known

to harbour a Trypanosome {e.g. rat-fleas, mole-fleas, sheep-keds, etc.).

This is the view of commonsense. So far as proof goes, this view has

already been conclusively proved by the work of Minchin and Thomson,

in the case of the parasites of the rat-flea; and sooner or later it will

be proved in other cases. Most assuredly, however, the onus probandi

lies rather on those who hold the opposite view; and, so far as I am
aware, neither Miss Porter nor anyone else has attempted to prove that

any of these "Crithidiae" in blood-sucking Insects are true independent

forms.

Secondly, the above view represents not only my personal opinion.

It is also the opinion of the great majority of Protozoological workers, of

whom I need only refer to Prof. Minchin, whose name is generally

recognized as that of one of the foremost authorities on Trypanosomes

and allied parasites. Miss Porter mentions Swingle as being opposed

to this view. Swingle is certainly not now opposed to it; he is at any

rate quite open-minded, and indeed if anything in favour of my view.

In a recent paper on the transmission of T. lewisi by rat-fleas', etc.,

he says on p. 131, with reference to Strickland's account of Crithidia

ctenophthalmi: "It should be noted that these fleas all came from rats

infected with Trypanosomes, which fact strongly suggests that his

Crithidiae were really transformed Trypanosomes." Again, in a foot-

note to p. 141, with reference to my discovery of the Trypanosome in

the sheep, he says :
" While there is considerable evidence favouring

his conclusion, it seems to me there is still a possibility that C. inelo-

phagia is a true Insect Flagellate, which has never been successfully

introduced into the sheep's blood." " Considerable evidence " in favour,

it will be noted, and only a " possibility " against. Lastly, I am sure

Dr Swingle will not object to my quoting a letter which I received

lately from him :
" I received your excellent article on Avian Haemo-

protozoa soon after I had sent my work to the printer. It is interesting

1 Journal Inf. Diseases, \ui. 1911, p. 125.
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that you fouud a Trypanosome in the blood of the sheep. Since the

Trypanosomas change over into Crithidiae in the digestive tract of

Insects, it would not be surprising if experiment should reveal the fact

that C. melophagia is got from the blood of the sheep."

From what I have shown above, therefore, two things will be clear

to those who are really interested in the Zoological Record. In the

first place, there is no truth in the assertion that my opinions on the

subject are extreme ; on the contrary, they agree with the view which

most workers on it hold. Secondly, I am correct in having used and

in continuing to use the terms Grithidia and Herpetomonas in inverted

commas, when applied to parasites from blood-sucking Insects, signifying

thereby that, according to our present knowledge, such forms are in all

probability not to be regarded as belonging to truly independent genera,

but are merely developmental phases of some Trypanosome. At any

rate, I have received the assurance of the Secretary of the Zoological

Society and of others on the matter. A Recorder is allowed the use of

his own judgment in the case of debated points; and I can truthfully

say that I endeavour to keep mine unbiassed and to compile the

Protozoa division of the Record in accordance with the general tendency

of opinion.

In conclusion I have only to say that the above justification is not

intended as a personal reply to Miss Porter. As between Protozoologists,

the only comment I should make upon her note would be in terms very

similar to those in which I referred to Capt. Patton's " criticism " of my
article on the Haemoflagellates, in my paper on Avian Haemoprotozoa,

p. 715.
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On an unusual condition observed in Hatteridium.

By H. M. Woodcock, D. Sc, Lister Institute of Preventive Medicine. London.

(With 22 figures.)

In a chaffinch which was well infected with HaltericUinn [Haemo-

proteus) fringillae^ I have recently observed an interesting and peculiar

condition of certain parasites. As this is the first occasion on which I

have seen exactly this condition, notwithstanding a considerable amount

of time and attention directed to the study of Halteridium, and as I am
not aware of its having been noted by any one previously, I think it is

worth a brief description.

In the first permanent preparations made ^ from the blood of this

particular bird, many of the Halteridia, intermediate-sized forms as well

as large ones, were found to have two nuclei. By this I do not mean

merely that they show what I have previously described 2 as the binu-

1 The smears were fixed with osmic acid vapour, then passed through absolute

alcohol, and stained with Giemsa.
2 Quart. Journ. Micr. Sci., 53, 1909. p. 339.
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cleate condition, but that the large, principal nucleus is double (figs. 1—8).

Several of these individuals show the small chromatic element in ad-

dition, and in such cases this also is usually double (figs. 2 and 3). The

position of the two nuclei vis-a-vis of each other varies considerably,

as will be seen from the figures. The line joining them may be approx-

imately parallel either to the short or the long axis of the parasite, or

it may run obliquely. In the intermediate-sized forms the body certainly

appears single; so far as the cytoplasm is concerned there is not the

least indication that two individuals are present. This is the case also

in some of the larger parasites (figs. 4—7). Apart from the double

character of the nucleus the parasites are typical Halteridia, both as

regards general form and contour and the position in the corpuscle. In

other large forms, however, the cytoplasm shows a distinct split, usually

running more or less longitudinally through the middle of the body.

This split is either incomplete (fig. 12) or practically complete (figs. 9, 10)

;

in the latter case the appearance is presented of two individuals, each

with a single nucleus , the two parasites lying parallel to each other on

the same side of the blood-corpuscle, between the nucleus and the longer

ecrge, i. e. in the customary position.

Parasites such as those described occur fairly frequently in the

first preparations made. In the next smears prepared, however, five

days subsequently, while Halteridia showing this condition are still

present, they are much more infrequent — rather scarce, in fact. And
in preparations made ten days later again, I have not observed any para-

sites with the double nucleus.

On first studying this condition, I thought the most likely ex-

planation was that it represented different stages in the binary fission

of a single individual. This seemed indicated by the fact that in the

intermediate-sized forms , the body appears single, although possessing

two nuclei, and only in the large examples is a splitting of the cytoplasm

apparent. After prolonged examination of my slides, hoAvever, I have

come to the conclusion that this cannot be the correct explanation in

some cases, at any rate, for I have been able to find two or three para-

sites in which the double-nuclear condition is present, where one of the

two nuclei is distinctly male in character and the other female; i. e., one

is large and diffuse and stains bright red, the other small, compact and

stains a darker red (figs. 11 and 12). Moreover, the cytoplasm in one part

of the body, on the side of the female nucleus, may be denser and stain a

somewhat deeper blue that that in the other half of the body, in which

the male nucleus lies. The limit or periphery of the body of the para-

site is quite even and regular and has the typical contour of an adult

ordinary individual. Nevertheless, it is obvious that, in such cases, there
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must be really two individuals present, namely gametocytes of opposite

sex, which have undergone cytoplasmic union and simulate a single

parasite.

Fiff. 2. Fiff. 3. Fig 4.

Fiff. 7.

Figs. 1—8. Ealteridium fringillae. from a chaffinch, showing double-nuclear para-

sites, n, chromatic grain (small nuclear element): p, pigment. X 2000.

Figs. 2, 3 and 6. Female forms. Figs. 5, 7 and 8. Male forms: the others uncertain.

Fiff. 9. Fig. 10. Fiff. 11.

Fig. 12. Fig. 13.

fn.

Figs. 9—14. Halteridium fringillar.

Figs. 9 and 10. Parasites showing a distinct split in the cytoplasm c. s.].

Figs. 11 and 12. Parasites in which one of the nuclei is male in character [m. «,), the

other female [f. n.]: in the former a distinction in the cytoplasm of the two halves is

also apparent. Fig. 13. Adult female gametocyte. Fig. 14. Adult male gametocyte.
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Hence it seems to me most probable that the same explanation

holds throughout. Of course, where both nuclei are either of male

(fig. 7) or else of female character (fig. 6), there is not the same ready

means of settling the question as in the above instances. A point which

in my opinion also weighs considerably in favour of the view that two

individuals are concerned is this. Binary fission of adult or nearly

adult sexually differentiated gametocytes (of either sex), to give rise to

two intermediate-sized individuals is a phenomenon that has been hi-

therto quite- unknown among Haemosporidia (with one exception, to be

mentioned shortly); indeed, I am not aware of anything exactly com-

parable to such a feature among the Protozoa.

On the other hand, in an ordinary infection (not including in this

category an extraordinarily strong one like that discussed immediately),

whenever I have observed a red blood-corpuscle invaded by two Halte-

ridial parasites, these have been generally situated either on opposite

sides of the host-cell nucleus, or else obliquely, towards the opposite

ends. I have only rarely noticed instances where two (and only two)

young individuals lie on the same side of the cell-nucleus, and fairly

elfse together.

I may refer here, however, to a case which I observed while at

Kovigno, of an extremely heavy infection of a little owl [Athene noctua)

with Halteridium [Haemoproteus] noctuae^ which is most instructive in

this connection. In the bird in question, nearly every red corpuscle is

infected with the parasites; and in general there are two, three or more

individuals — sometimes as many as 6 or 7 small ones^ — in one cor-

puscle (cf. figs. 15, 18, 19, 21). In this case it is not at all difficult to

find corpuscles containing a cytoplasmic mass which possesses three or

four nuclei (fig. 20;. Such a condition is the result, I am certain, of

the fusion of the cytoplasm of three or four parasites as they have grown

in size and come into contactwith each other, thus forming akind of Plas-

modium (figs. 18— 22), which may be indefinite or irregular in form. I

cannot consider that such stages should be interpreted in the opposite

sense, i. e. as indicative of a schizogonic multiplication. For one thing,

thegrowing plasmodial body contains numerous pigment grains ; the young

separate individuals in a cell possess little or no pigment. And in spite

of the abundance of the material I have not found anything to suggest

that such a multinucleate parasite divides up into, or gives off, small

uninucleate portions, leaving behind a cytoplasmic residuum containing

the pigment. Further, even when there happen to be only two parasites

3 A similar instance of a multiple infection of a red blood-corpuscle with small

Halteridial parasites is figured byAragao. Arch. Protistenk. 12. 1909. pi. 3, fig. 21.
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in a corpuscle, stages can be found showing clearly that as they grow

and elongate in the direction of the length of the corpuscle, the two in-

dividuals may come into contact (cf. figs. 15 and 16).

It is this feature in regard to which this particular infection of a

little owl has an important bearing on the case of the chaffinch- infection

under consideration. If fig. 17 is compared with figs. 5 and 6, it will be

realized, I think, that the same explanation will apply equally to both

cases. If different stages in the relation of two individuals in one cor-

puscle to each other (such as are drawn in figs. 15 and 16) had been met

with alone, it might have been more difficult to decide in which order

the series should be taken; but when in the same smear and within a few

fiof 1.0. Fio-. 16. Fi^. 17. Fig. 18.

Fiff. 19. Fig 20. Fisr. 21. Ficr. 22.

Figs. 15—22. Ealteridium [Haemoprotens; noctuae
^
from the blood of a little owl,

showing different stages in the growth and cytoplasmic fusion of two or more indivi-

duals in a single corpuscle. In the case of these small forms, and particularly where
there are three or more pai'asites in one cell, it is difficult to distinguish whether

they are male or female. X 2000.

fields all manner of plasmodial appearances are seen, the result of 3, 4

or more individuals being crowded in a single corpuscle, one is quite

unable to regard the })rocess in the former case as binary fission. All

things considered, therefore, we must conclude that figs. 1— 8 of the

condition seen in the chaffinch represent a double infection of a cor-

puscle, just as it is almost certain that figs. 11, 16 and 17 represent a

similar condition.

The interesting and peculiar features about this case, and the rea-

sons which made me hesitate at first as to its true meaning, are these:

In the chaffinch in question, the infection is not, comparatively speaking,
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a heav}- or very abundant one; and I have only seen three or four in-

stances of the ordinary double infection. It is a remarkable fact, be-

sides being of most unusual occurrence, that in such a number of cases

two (and only two) small Halteridial individuals should have entered

the same corpuscle close together, have undergone cytoplasmic union

while young, and assumed just the same form and increased in size as

an ordinary single gametocyte (of either sex), ultimately tending to

separate as they become adult. I am unable to say, however, whether

two such individuals would become, as a rule, fully mature. The great

majority of these double parasites which I have seen are nothing like

double the size of a ripe gametocyte (cf. figs. 13, 14), hence each half

has not nearly attained the maximum size; the parasites of figs. 7 and 11

have as large a bulk as any I have noticed

In conclusion, I should like to point that what appears to me to be

a quite parallel state of affairs in Haeinoajstidiuni has been described

and figured by Dobell ', though that author has regarded the condition

as representing 'schizogony (in the small forms) or nuclear division (in

the adult gametocytes). On the same grounds as those discussed above,

I feel fairly certain that Dob ell's figures 14 and 16, pi. 7, of very large

gametocytes of either sex, each with two nuclei, are really instances of

a double infection of a corpuscle by gametocytes of the same sex, just

as his figs. 17 and 18 show double infection of a corpuscle with game-

tocytes of opposite sex. Dobell says that double infection of a cor-

puscle is not uncommon, but apparently does not take into consideration

the possibility that the two individuals in one corpuscle may be of the

same sex; and there is no reason to suppose this cannot occur, just as

readily as double infection with individuals of opposite sex. Now a

corpuscle infected with two gametocytes of the same sex (either male

or female), would present the same appearance as shown in D obeli's

figs. 16 and 14, respectively; and I have little doubt that is really the

condition there represented. Similarly, with regard to the schizogony

of small forms, which Dobell says is most usually of the nature of

binary fission, I think it is much more probable that tlie author's

figures 4— 7 should be read in the opposite direction, as indicating suc-

cessive stages in the cytoplasmic union of two small individuals which

have entered the same corpuscle; granted the occurrence of double in-

fection, the two parasites must enter the cell as small forms. Dobell

says the infection is often quite intense; this explains the occasional (in-

frequent) occurrence of three or four small parasites in a corpuscle,

which have united. In short, Dobell's figures are quite comparable to my

4 Festschrift R. Hertwigs. Ed. I. 1911. p. 123. pi. 7.
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figs. 15-20, showing different degrees of infection of the red corpuscles
of the little owl with Halteridium; and I should say the explanation I
have given above applies equally to the case of Haemocystidmm.

Tlie Lister Institute, August ;-il st., 1911.
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