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INTRODUCTION,



The work presented in this thesis consists of a series cof resgear-
ches carried on over a period of several years,begun with the cbject
of throwing light on ond explaining some of the phenomena met with in
gases of ansemia in the human subject,and mcre =2specially with refsi-
ence to one type of ansamia, Pernicious Ana=mia,

It would serve no useful purpose here to go into the hiztory of
thig dissase,and the contests which have been waged with regard to
its eticlogzy,since the mein thecries which have been held are refervsd
to in every text-=book. It must be pointed out,horever,that much cf
the controversy has been with regard te the int )retatlon ¢f the
changes found in the bene mervew and other organs post-ﬁortem. So
far as the bone marrow is concerned,the question is whether the
apvearances are to be referred to a vrimzry defect or lesion of that
Y0, o
organ,or whether they are simply sscondary,dlepend#€nt on « process of
bleood destructicn going on in some part of the body,vhether it be in
the liver and spleen,cr in the inteztinal tr«act,or in the general
circulation,

From the work of many cobservers,znd,it is hoped,from my own,evid-
ence has accumulated which shows that within & week or ten days =z
blood picture and changes in the merrow and other organs,zimilsar in
almost every respect to these of human Psrnicicus Anasemia,can be re-

produced experimentally in animels, Thus the idea that Pexnicioun

1]

Ancemia is a prlmmrv dis=aze of the marrow has stsadily lczt ground,

being surerdeded by the view that the essential conlition is a
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nrccess of blood destruction or heemolyzis geing cn in ths body,the
other chenges being «ll secondary, The probebility thot desth occeurs
in Pernicicus Anzeamia as a resuit ¢f the bone marrow glving cut funce

tionally,because it is unable to kesp up the conitinusd

i

ation of red ccrpuscles tc replace lost ¢nes,does net of course infer
a primeTy mariew ult,but & secondary merrew failure,

With the heemclytic view of Perniciocus anwa2mie in rind,I hove inveszt-

@
IoN

i e
g-,v:,b

(=2

the anzemiea produced in anim-ls by a variety ¢f bhiccd destro -

"

ing sgenta,cbtaining in this way & very comolets view of whaet mey b2

-

terred "Haemolytic Ancemias,” It muzt be recognisze

p,

2t cnce, <

point brouzsht cut strongly by my exoerirents,that the varicus sub-

ztances now known to cause blcod destructicn in the animal vedy

almost 211 zct differentiy from one ancther, Thus the aldvantaegs oFf
studying the acticn ¢f & nurber ¢f thesze blcod peiscns,in cxder t
coryelate the results,must be seif-zvident, These substances, a:z |

regards their mode of acticn,may be brosdly divided inte three grour ..
First cf all,thére are those whose acticn consizts «lmost entirsly
in haeemclysing the blocd in the periphsrel circulzticon, Second,
there are those whose acticn is essentially o destructive cne on th=
bone marrew =28 an crgan, Lizztiy,there iz a group in which the mod=
of sction iz 30 far not quits clear,such @3 for examplie Toluylendi.-
min, IExemples of all these typez of blood destreying zsgents have
been used in my experiments, The characteriztics ¢f ths ancemiz
induced ,and the interpretaticns to be put on the varicus shenomana
chserved ,are gone into fully in *the different perts of this work, zo
that no further reference to them need be made here, It suffices *o

22y that experimsrits have been carried cut with the feollowing biced

i



destroving zgents: 1, « huswolytic immune-z2rwr, 2, the hosmelyszin de-
rived frcm strantecocci, 3. sarcnin, 4, tclyyisndiaming, 5, cobra-

lecithid,
In the animals injected with the haemclytic serum,intarasting

changes of a degenerative nature were in some instances found in the

‘

.

&\

he=1rt muscle and in the liwver, These have been included in & s230¢

To give as cirriets a view az possible of the phenomene ¢f cnaemi-
in gensral,a different tyve ¢f snaemie was induced in rabbits by bleed
sing ,in crdsy thst a comparisen mizght be made between the zneermia foll-

pwing bleod destruction,and that after haemorrhage,

From the study of haerclytic ansemiszss,it was but a step further to
go on and investigate the difficult but clesely allied subject of
"Haemelytic Icterus", On this =zubje ct I have carried cut an sxten-
sive research,ard the conciusgions arrived at are to my mind ¢f zuch
interezt as to warrant me placing this part of my wexrk in the feore-
frent of thiz thesis,

- I wish tc mwaoke menticn that the research on the ansemis vroduced
by the haemelytic serum was carried out in ccollaboration with

Professor Muir,but 211 the details of the experiments (blocd counts

A 3

s

histelegy,ete.,) were my cwn cerscenal work,  Then in the secticn
dealing with the anaemia produced by the haemolysin obtained from
strestococei,the haemolysin used waz 2ll prepared for my experimants
by Dr,J.%W.lcLecd,

In conclusicn,I wish tc take the cpportunity of thaﬁking
PrCfPoon Robert Muir, Professcr of Patheleogy in thiz University,and

Professcr L. Aschoff, Profe ¢s30r of Pathology in-the University cof
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a38ilstance and help cf ev

=

Freiburgei=B, Gemany,for 21l thei

" kind to me in ths researches incliuded in ny thesis,

i



EXPERIMENTS ON HAEMOLYTIC ICTERUS.



The tzrm "Has=molytic icterus" haz been in use since the tim= of
Virchow (1854) ,#hc from his observgtions,bélieved that bile cculd be
formed frorm the blced itself,and sc¢ introcduced the terr, His obzer-
vations w-re made cn cld bleod extravasaticneg,etc, ,in which he
demonstrated = changs from Yaermotin into a golden-yellcw pigment

(haematcidin) ,vhich rmicrescoplically and chemically gave the same

2

reactions a; ilirubin, Later ¢cn by the work of Jaffé,Hoppe- eyler
Sulkowski ,etc.,the identity c¢f haematcidin and bilirubin wes es-
tzblish=4,

Thes terr "Anehenztogencus" Icterus was pronozed éubsequ ently by
Quincke (1884) for ths same conditicn,tc indicute that the jzunidice
21082 apart from on acticn cf the liver,

The most impcrtant exnerimsntal work cn the gquestion ub till now
is unguestionebly that of Iihkowski and Naunyn,which apraared in
1886,and which since then has =zlways bveen gucted,and the conclusicns
stated there accepted,in all text-bocks dealing with the subjsct,

It seems curicus,however,that sc far az can be found from a wide
search throuzh the literazture,their expariments sser Mmever to hovws
bsen reveated,and their results remain uncentrolled,  Thi:z is s2zvsce-
1ally remorksble when the fewness of their eiperim@nts is conzidered
As their work will be gcne inte fully later on,it ia encugh tc state
here that they found that by neciscening birda,esnecially geese,with.
Or59¢A¥”°tt$ﬁ hydrog n(AsH5),no Jjaundice arose éf the liver of the

bird had been removed comvletely,vhereaz in ncrmzl geesze jaundice
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slways result=d from the inhaletion of the gaz.  They concluiel
this thot jaundice cculd net cceur witheout the iiver,=nd that in
conzsquence nc truly hasmolytic icterus zpzrt from the liver was
poszible.

"Stadelmann (1881) used toluvlendiemin to induce jaundice by blood
destruction,ord ccncluded the=t the result of the bloed destructicn
was the preduction of = thickened bile,rich in ccleuring metter,vhich
led to ckstructicn in the smaller vile ducts, Crt hiz view,then the
jaundice sc vreduced is essentially obstructive,and ariges in the
liver,

Afannazziew (1883) continusd exneriments on the same lines,using
AsHy and teluvlendiamin to preduce hmemolysis and Jjsundice, He sun=-
ported Stadelmann's ccnclusicns,and made the importént chgarvation
that joundice ensues «fter pcisoning with AsHz or tO"uylendiamim.much’
eanrlier (within the firzt twenty-frur hcurs) th-n where the common
bile duct is ligatured, He =xplained this by sgtating that,fcllowe
ing ligzticn of the bile duct,ccnsiderzblie dilataticn ¢of th: gall
bladder and lorge ducts can occur befcre the obztruction makss its=21f

felt ,whersas the obsztruction in the smaller tilie dusis in the other

o

caze is ravid and affects 211 of them =t cnce, 15?5’

Next came the thecrv of Minkowski (1905) ,#ho attempted to explain

the occurrence of heemclytic jaundice,nct by a mechsnicel cbstructicr;

but by a functional Aisturbence <f the liver cells themseives,in-

duced by the rpciscn, "he liver cells damaged by the pcison, on

"his view,do nct send their sscretion through the bile duet az thay i
do normrally,but seni it backwards intc the blocd stream,perhavz |
by way of the lymrhatics, In suppcrt of this theory he mude

comrarisens with functicn-1l disturbancez in other organs, e,g

—erse
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the excr=ticn of -lduran %y the kidney calle in nschritis, He

rointed cut arn -n-logy Betwzer thaszs two conditicrs,jezundice and

-t

z1lburinuria,in that beth mey cccour in infeclicus dizec=28,irtexicaticn:

and in diseares of the circulatory system. mo -the aberrvznt backe=
ward flow of vile-which occurs,acccrding tc his theory,hes aoplied

the name Poraredesis,

Lieberreicster(1893), Pick(18¢2), Browicz(1900),etc.,211 supported
Lno)~ marmssh
Winkowzki's views,and theatter)author even goes the length of
fitting in ths theory to explain most cazes of obstructive jaundice
23 well,

Enpinger (1%02-3) ,#ith ths intrcducticn of his staining method by
which the finesr structurs of the bile capillaries cculd be studied,
advenced cuxy kncewledge ccecnziderably, He fouhd th&f in obstructive
jeundice the bile capillaries widen markedly,znd the pressure
being chiefly exerted on the small intercellul=r carillaries,wvhich
end blindly,these blind ends 1engtheﬂ,and finally rurture into the
perivazcular l¥mch snaces whiéh surrocund the blood Cdpillar%es.
Thus he ztates that the bile reaches the circulation threcugh the
lymohatics, He would exvlain coses of huemolytic jaundice on
very similar 1ineS,@nd bases his ecnclusions-on his findingé in a
czse of acute vhosthorus veiscning, In this case he found the
bile capillariss zlso widely 3ilated,and filled Wi?h almost black
coloured masses completely blocking the lumen, He called these
mzsses of bilé "Gallomthropben",on the anﬁld%y with ordinary blood
vessel thrombi, He found dilgtétion of the capillaries behind
these thrombi,and runture through the perivascular lymph speces,

Epvinger states that he was only sble to make these cbservations

]
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in human cass%,-ni covld net find threm in doge fter tolvvlendiermin

noizscning. Thiz iz iwpcyrt:nt in connectiocrn with wy o1 rezultz te
ve described latar, Eopinger claims to have found the sare ch:ncs:

in cases ¢f cyvenctic icterus (Gzllenthronbven,etc.,),snd states that

3

they «re the essential cause of jaundice,

These twe croosing theoriss of Finkowski and Ervinger have receiv-

ed much ettenticn in recent yéars. While cne authcr holds that =

disturbed functicrn ¢f the liver cells czuzes an sberrant filicw cf
the bile irtc the bleod stream irstead of zlong the bile ducts,the @

cther view ig that the essenti-1l couse is the fecrmaticn of

"Gdllentkrrmhen",whioh Ty causing chstructicon lead to dilstaticon of
the bile ducts -nd runture inte the zerivascular 1yroh = aces,

With reg-rd to Epvinger'sz thecry,it haz been stréngly upheld by
Abraron ord Semoilcwit z(1904), Tagid (1908) ,ete, ,o5 far «: chatructivs |
jaundice goess oniy. In the case of cther forms of jJaundice,recent }
experirents by Ogﬁt@(lglz) with ictercgen «re of great intarest, i
He cculd fird in meny cases absolutely no widening of the ©bile cace [
illaries, These exreriments with ictercgen,first carried cut by i
Goldmamn (1912) ,ure of great interest in connection with ths vathclosy |

Aucks
of jaundice. goldmann ztates thet cbstruction c¢f ths bil= chvicusly
vlays no pert in the precess,ond no Gallenthromben are certainly

found,

Q«-
()
w

Thus up 11l new the cathology of hasmelytic end toxiz j=und:

o e

is very {ijclexr, zs5e8 ¢f Jaundice zre constantly cccurring

r are asscclated with = texic

[}

clinically hich fcllew - heemolyszis
rrecess,znd in which the micrczceric changes are quite sncemslousz,

fuch cazes of jaundice cceur,for example,-fter the transfusion cf



15.

hleed ,in g=veIre zerzls, in the courzs of caies of Larckyanal Posnce
zlchinuvia, and in coze: ¢f coidice diszease, sspeclally with tacke

ward Dressure, Since the experiments of Hinkowski and Naunyn on
geese have naver been contrclled,end it is of prime impcrtancs to

®le of trs liver in the vroduction of haemo-

decide definitely the r
lytic jaundice,ths exreriments have heen carafully reneated, Bx=
veriments cr degs hsve =lz0 been carried ocut with tocluyvlendizmin to

decide other wcints of imrcrtance,

EXPERINENTS ON GEESE,

The experiments tc cortrel those rublished by Minkowski and
Nzunyn Werevcarried out in geese,since,=3 these 1u§hors rointed out,
these birds are in several ways esveclally suitable(for the rurpcse,
Other animals,such «s dogs,cannct zurvive extér(etion cf the liver
for more then half on hour. Then the brozd ztsrnum of geese nmakes
the orerative technigue easier than in other fowls where the sternum

is narrow, Further,the anastemcsis between the portal vein =nd the

;1
k¥

vena renalis advehens (Jacobscn's vein) is 30 good tn fowls thot

X

practicaily ne signs of Tack uressure cccur in the abdominal orgens
after the vertal vein hez been tied, A further peoint is thet geese
drink water freely after the ocveration,znd secrete urine vight up
tce their death, The vile of iris,tco,conteins biliverdin,rhich
ig very reédily recognisablie in urine and in sections of ftissue,

The creration censzists in ocmplete removal of the liver,.s fur -z

persible,vut for anatcrical reasons an absclute and tetal sxtirration

is imrvossible,as Minkowzki admits in his description ¢f the crerative

technigue, He savsy "Es blieb hierbei in der Regel noch ein Yleines
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ctlink vem reshten Lebherlavn-en in der unmittelbzren Umeoebung, 22,
hinter der Vena Ceva zlwuck, Diessz wurds vorsichtig zerdruckt,

W th , - v .. N
die Gewebstucken méglichat vollstandig entfernt,und «uf di=se Teisze

eine Fortdauer der Leberfuncticn Flt Cicherheit =usgeschlcszen,”
Wo mernticn iz maede of the small lums ¢f liver tissue 1aft behind the
vena cave having been sulbjected to microsceoric exzminaticon,snd in a

courtéonus verscnal commuriceticon fror Professcr Minkowski he state

(Jl

that none w-s made, This omizsicn is impertent,for careful sxame

in

that it iz impdssible t¢ completely destroy the functi*J

§

ination show

w

cf thiz srell piece of liver tiszue,ss itz relaticns te the vein Wall{

are s0 intimategeven zlithough attemcts are made to zcrszpe it away cr |

gqugeze 1t with the fingers, Thz sm=ll tiece ¢f liver tissue re-
mzining =fter the creraticn is shewn in Figl.l. The coeraticn was |

=X wzhney to what Minkewski described,

‘HJ

carried out ir an exactly simi

h

The cper=ticrn is not easzy,znd tukeg,.s a rule,thirty-five to forty-
five minutes tec perform, The rectum was always 2t the zzre tine
tied 2 shoert distance ateve the clcaca to vrevent zdmixture of

fosces with the urine,

xll .

In the first experiments the liver wasz first removad znd the goo:
thereafter rciscned with AsHz,but the anim:1z then stoocd the nciscn-
ing so b2dly theot in 211 the l:ter exreriments the inhalation of
AsHz immedi=tely preceded ths crveraticn, It is certain that active
functicnating ¢f the liver 4during the shoert pericd which el:gsed bee-

tveen the rciscning and ths tyiMg off of ths liver vesselsz a

ct
Py

140
creraticn had ncthing te de with the week jaundice cbtained in
sevarsl exreriments,zince the jaundice did not cceur vntil ssveral

hoevrs after the ceeraticon,and continued to increase until the daath
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of the bixd.
< wars ccizcned waz obiained Ly

The AsHz by wzzrz of which the bird

-

by «dding Fewler's scliuticn te o flo3k ir which

1}

Minkewski and Naunyrn

nydrogen wag being genersted by the scticn of diluted HpS0, On zine.

At first Fowler's sciuticn(ccntaining 1% of arzenic) woz uzed in the
°Xﬂer1n9nts vt lat on it was found thet much mors censtant results

were obtained Ty vzing & 20; scluticn of srsenic,prepared by disgcive
ing the orsenic with the help ¢f KHCO3 (pctessiur bicarbenatzs) acecrd-
ing te the followirg equation:-

AscC s+ 2@005 = ‘ZKASOZ‘I‘ ZCOZ‘f' HgO.

12
W

=111

<
]

Hers the z=x exizts as v tagsiur wetarsenite,and it waz found

dution added to the flozk in which hvdrogen .

o

that 5 e,c, of this

ll\
[¢}]
(@]

[

beirg generated ,cculd preduce,as a rule,in normrul geese zevars Jj-oun-
dice after inhslstion for =bout five minutses, The goose waz enclez-
ed in a lerges <imest zir-tight chest,7ith entrence and exit creningsz
foer the ges,and cwing te the vcisencus nature of the AsHz the exrer-
iment was always made in the neighbeurhocd cf a Iargé orven window,

-

The experimentz themselves +#ill now Te briefly described,

EXPERIVENT 1, Goose 7 (luorge male),
At 3,50 p.m, inhslaticn of AsHz for four minutes; 5 c.c. of twenmtiy
ner cent solution ¢f srsenic used, The animal on bveing remcved. fycw

the chest spreared tc be distinetly pcisoned, At 4.15 »n.m, the.

creraticn to rercve the liver was commenced yand was finished «t
5 p.m. A very smell stump ¢f liver tissue remained wtt:ched to the
TeNs Cava, The bird stced wp «fter the cveration,and zrpsarad to

e quite strorne, It draenk water freely througbout the evering



At 9 pem. (four hours 2fter the craraticr) 3 c.ce of clear vellow

urine without a- trace ¢of 2ile wsre <btzined, At 9,45 p.m. aboulb

full of definitsly gresn urine were obtzined, giving a very pose-
itive OGmelin teszt for bile. A further 10 c.c, of even greener urine
were passed just vefore the bird died at 8.40 a.m,,having lived
about sixteen hours after the removal ¢f the liver,

The stump of liver tissue left behind was very carsfully exarined
after the death cf the bird. The =mall gart of the stump cutside
ligature was ccmpletely necrctic, but bshind the vena cava a snall
piece of liver tissue weighing 0,68 gmm., and about the size of a
pea,vas not obviously necrcsed. The microsaopic'appearanoes ¢fthis
tigsue will be referred te ugain, |

Distinct evidences ¢f the icterus induced were found microscopically
in the kidneys, quite similar in nature to those described by
Ulrich(1912) for the human subject, and by Susuki(l9l2) in his
monograrh cn the "Morrheleogie der Nierensskretionﬁ for animals,
Some ¢f the smallex descehding tubules’of Henle's lcops were found
vlugged with dark grsen coloured cazts,

The spleen showed considerable rh=gocytosis of cells, mdny‘erythro-
eytes being contained within cellz cof the pulp and in endothelizl
cells, Much pigment giving the ircn reaction was found both intra-

and extra-cellularly,

EXPERIMENT 11, Goose 9(large male),

At 3,45 p.m, inhaled AsHz for four minutes; 5 ce.c. of twenty per

cent szrsenic used. The operation lasted from 4,15 to 5.5 Dalile,
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being rather rmore difficult than usuzl owing to the gocs= Yeing

=0 =

fat, A very small stump of liver tissue wes l1eft bshind the vena
cava, At 11 r.m, (five zn? thres=quarters after the operstion)

20 c.,c, cof doerk brown urine were obtained., Holf an hceur latsry

15 c.c. ¢f simil:rly cclourad urine were psssed, Next morning 4t

8 a.m., the geese was found de=d, The hird had prebasbly iived eight
to ten hours after the operation,since 2C c.c., ¢f daxk brown urine
had been voided during the night. In the urine the bend: cf cxy-

h&emoglcbin ware r2adily detacted spectrosccopiecally -fiter diluting

down sufficiently with water. The tests for bile showed its

=

pre

)]
1)

ce but cnly in tracss, The Gmelin t2zt w.s uncezrtain,and

Q

Huppert'z t2st gave only a weakly poéltivé green ccloxation,

The stume of liver tissue behind the vens cuva wsz found venstrated
throughout by heemcrrhaze,and no evidence of it having functicne-
gted could be disccvered,

In. the kidneys no trace of ict=srus and no haemcglebin casts could
e seen, The ccrtical tubulszss gave a wazk ircn rsaction,chisfly
diffuze,but in o fer cslls granulss of haemosiderin wer2 prasant,
In the spléen thers w:s very marked phagoeytesis of red cells by
pulp and enaothelial cells,and much pigment giving the irgn

re-cticn,

EXPERILTNT 111, Gecse 10 (large famzle),

s

At 5 mem, inhslation of AgH, for three -nd a half rinut=:z; 3 c.c.

cf twenty per cent sclution used &s before, Operation frem 3,15 to
! /

4 pywse The bird appezred quite strong after the operaticn,snd

drenk weter freely, At ¢ pem. (two heurs after thé creraticn)
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g laorea urine w

aemeglchin, At &€ quantity of

ing haemcglcbin waz cttsined, The bird died

zftar the over=ticn, After desth & quentity

wae found in the rectur bslcw the ligoture,
time prezsnt in the urine,

The sm=ll stunr ¢f livey tissue left behind
haemorrhags &= in the previous sxype rlnenu.
In the kidneys cnly & fev heermoglcobin casts

In the spleen & sirilar mevked

a5

intrse =nd Te=cellular ircn

Goosz 11

b
LD

(lzrges male),

o

EXTERIVINT 1V.

At 3 pem. inhalotion of AsgHz for three minut

per cent soluticn used, Creraticn commenced

rat
ed at 4 perm. Especial cure was token in this

tqbompletely deztroy the functior of the sn

tissue by squeesing it with nre?szre—forcejs

The geceose wug quite strong after the operati

freely. Between 4 snd 8 p.m. zbout 100 c.c.

free from tile and hzemoglchbin,were obtained,

a distinctly green cclour,snd containing und

Petween & and %

dizstinet gyeen ccleur. At $.13 p.m,. the bird

h‘

and z querter hours =fter the overzticn,

t-r1r¥% bre
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o'cleck twe furthar z-mpl=ss were chtained, b

wn urine coenteine-

ct

hours

o

9 Dy ,fivs

of Gark brown urine

No bile woz =2t wny
w2s penetrzted by -
were found,arnd the ircn

of red cells,snd much

vigment »ecs found,

es; Sc.cecf twenty
a2t once
exveriment tc attempt
ctumn of liwver
and with the fingers,
on,and drank water

cf gquite nerral urine

At 8 permi, Urine ¢f
cupted Tiie waz pazzed,

.

cth of

,five

§

died suddsnly

syand w:=s complet-



/7-
The histelegy of the zturyp of Iiver tiz-ue Ieft =ill T2 zgain
raferred to,
In the kidneys no trace c¢f icterus was reccgniscble,
In the splezn,vhegocytosis of r=d cells, but net so marked as in
previous experiments. Much iron pigment both inside and cutside

cells,

EXPERIMINT V. Goose 13(mocderute~=sized male),

At 3 p.me inkelation of AsHg fecr four minutes; 7 c.c, ¢f twenty

ver cent ¢f zrzenic used, Immediately =2fter the polsoning hoth

4

iver and spleen wear2 r2mcved, The goose was quite strong after

F

the operztion,vhich was finished at 3,50 p.ms At ¢ p.m, the goose
was found dezd,but quite warm, About 5 c.c., of deep brownishered
urine hzd been passed, On 3tonding,this ssparet=d intc a cheeclate
oolouféd vrecivitate cover=d by o bright r=d fluid containing

Y

haemeglein, From the clouca o further sm=11 amount ¢f deern r=d

urine was obtained uesterortenr,

In the kidneys,casts of haemoglcbin wers found,

®

Twe' contrel geese were peisonsd with AsHy without removal of .
the liver,and the results of these twe experiments are of zreat

t
importance for the conclusions to be drawn from this rezearch,

EXPERINENT V1, Geeze &(luvgs male)

On 18th Februwrv,ot 10 a.m, ,the rectum was tied, At 10,30 u.m,

irhaleticen of AsHz for five minutes,b cec. of Fowler's sclution
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veing used, Mo urine w-: cbt-ined through cut the dey, Text morn-
ing a small amount ¢f thick urine was obtained ,contsining ne bile,

A covpious flow of uxine waz inducad by putting woter inte the
/ : .
stomach through & tube,but this sample zlsc contained ne

L

Dil=,
On 19th Februsrv,st 3 p.r. the gecese inhaled AsHz agein foxr four
minutes,five c.c, of Fowler's solutien being uzed. Urine cbtuined
the same evening wa:z free from bile, It becume cleaxr th-t ths

goose was nct being peisoned ztrongly enough. It is interestin

i

to note here that the gcose lived fifty hours zftzr the tyving of
the rectum without shoving sny Ttile in the urine,and hencs the
- poggibility of icterus froem zescrption of tile from the intsstine
seems quite out of the guestion,
$oCidion

On 20th Febru-ry,at 11.35 a.m.,the tventy over cent, of =rsanic wes
vsed for the first time,5 c.c. being employsd,and the goz inhaled
for five minutes, After removel frem the chest the bird sheowed
undoubted symptoms of pciscning. Between 12 ncen znd 3 p.m, the
goose drank wster freely,and passed large quantitiss of urine,
This was at first clear and yellowish,but soon b=2c:me distinctly
green, Later,the urine was intensely greeﬁ,cnd contzined very
abundant bile, In the evening haercgicbinuri= set in,and =
mixture ¢f bile and of haemoglebin could be detected con tastirg
the ufine. Next morning,2lst Februsry,there was practically pure
haemcglobinurisa,yith only a trsce of bile. But lat= in ths day
the haercelobinuris passed off -nd w-s replsced by biliuriz,just
marked sz before, On 22rd Febru-ry the gocsé wzs killed by

bleeding,and in the blood serum piliverdin waz re-dily reccgnizad
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TXPERIVTET Vil, Geoszs 12 (young wals),

On 24th May,ot 3 P, ,the ractur we: tied, Scon after,AsHy was

= £

inhaled for four winut=s,5 c.c., of the tweniy ver cent sclution
being veed., The urine cbtwined threugheut the doy waz cle:r and
fvee Prom bile, On 25th Mzy,st 10 a.m. ,the gocse agzir inhaled

AgHz for five minut=2,7 c.c. ¢f ths twenty per cent zolution being

employed., Urine cbtainazd beztveen 12 nccn and 2 pem, waz quite clesx
At 4 pem. reermczlorinuria set in =nd wus scen very marked, On 29th

May the urine still contained hasemoglcbin in sbundence,but had o

A

slightly greenish tinge., Abcut 4 p.m, the heercglobinuria pzssed

<

off and wzs replzced by = marked ictewus,the urine tecoming in-
tensely green in cclour., Mwrked bilivria centinuel until the gcose

w33 killed =2t 4 p.m, Con 27th lzy.

Since the experiments of Minkewski and Neunyn avrezred so long
2g0,and it is essential that the reader should be able to compare
their findings with thosz just describved,their most importsnt ex-

veriments will be shcrtly given here,

EXPERIMINT 1. Duck,

Peisoned ot 10 a,m, At 4 pem, definite icterus, The urine contzined
also a little hsemoglobin, At 4,3C p.m. cperaticn begun tc remove
the liver,; finished.at 5.3C pem, Soon after,rarked hasmoglchinurie
ensued, The =zmount ¢f viis in the urine was lszs than befors the
crveraticn,and rerwined sz¢ until the bird was killed.at 1C, 3C Delt.,

five hours after the orverzstion, In 35 c,c, hlced no trsce of bile
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could be rscognised,

s

A oontrcl gonae voisoned <t the s=me tim=,ond whos= liver +=-z nc
rvemovad ,develcred = marked icterus whlrh centinued until the bivd

was killed orn the next dcy. & grsen ceoloursd zlcchclic extr-ct

chtuined from the tlood contoined biliverdin.,

EXPERIVENT 11l. Large gcose,

In this bird 211 the liver vezsz=ls woeres ftied,and the liver tissue
degstreyed by cructhing,but the crgan its<lf was left "in =itu",

Operatior finished 2t 1C a.,m. At 11.3C z.,m, the gocse inhaled ASH5

-~

for three minutes,zlong with 2 contrel bird, The contrel bird pazsed
green cclcurad uvrine =t 12 ncen,and by 2 pem. hed a marked icterus
In contrast to this,the cpersted gocse showed 2t 12 ¢'cleck o mark-
ed haermcglobinuria., At 2.3C perm, this latter geese waz killed ,four
and = half hcurs after the opersticn,ond thrss hours after the
peigoning, After the operaticn the urine ccnstantly contained bile,
but in sm=ll amcunt,and this discppsared when the hasweslceinuriz

get in, In the blocd,after de=ath,nc bile cculd b= recognicsed,

EXPERINMIXT 111, Goc=e,

Inhgled AsHz at S.45 z.m. for four and a half minutes, The urine =t
11,30 a.m, contained bile in small amount., At 12 o'clock traces of
haemoglobim and distinet bile ware present, At 1 p,m. the bile and
hgemoglcbin were both vnrazent mwuch rore zbundantly in the urine;

At this hour the livey -5 ramoved, The bird disd =t 2, 3C Dellia y21

heur «ftsr the oper=ticn, Shortliyv vefors de=th urir= crnt-ininre
hzeropglebin,hut ne vile,as ro-sed,
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BXPERLIINT 1V, Geoze,

Inhaled AsHz st 9,40 weme fow feor minutez, At 12 c'clock the urins

[{2e]

waz: greenish,and at 1,30 ».,m, diztinctly green,and gave a nesitive
resction for biliverdin, At 2 v, ths oneraticn to remove the

liver commenced,and by 5 p.m, was finished, After the cospration

~

the urine was more strcngly bile~corteining than in previous cazes,

but thes szmrle wag mcere concentrated than usual, At 7 p.m, the

18]

coze was killed ,four hours after the operation, In 130 c,c, Ploacd

no bile could be recognised,

PISCUSSICY COF RESULTS, ,
In discussing the experiments it will be =at onée perceived that
the number c¢f wositive exverirents frcm which Minkowski and N-ounvn
drew their impcrtant conclusicns is a small cne, Of four sxpexe
iments,in cne the liver wa3s not removed,out c¢nly functionally de-
stroyed by crushing.  The first bird was killed five hours after
the overation,the second four and = half hours aftsr the crushing
and three and a hwlf heurs =fter the pciscn' ng,the third bird died
an hour after the llvnr was removed ,and the fourth was kilied four
hours after the craration, It must be ncticed also that in Exper-
iments 111, and 1V, the birds hed marked jaundice before th? oner-
ation to remcve the liver was begun. My own experiments number
five,but it will be cbssrved that in thesz the birds lived cn zn
averzge lomger thar in the exceriments of Minkowski andiﬂaunyn,
P’@thV,SlXtPQD 2ight,five, five and & quarter,and five hours =2ft:r

. Hu
tre oreration, Alsc,in my experiments,the pcisoning erd removal of

J

the liver followed cpe sncther sc clcsely that the whele exreriment
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may be said practically to have been conducted on a bird without a
liver. In two experiments of Minkowski and Naunyn (11.and 1V,) bile
persisted in the urine after sextirpation of the liver,but it is a,
question whether this was just a continued excrstion of bile formed
before the liver was destroyed,or whether it depended on cther cir-
cumstances which now require menticn, Minkowaki and Naunyn put down
this continued presence of biliverdin in the urine to & resorpticn cf
bile from the bowel, They state; "Es ist nicht statthaft,hierzus
auf die Fortdauer der Gallenbildung nach der Beseitigung der Leber zu
schliessen,vielmehr muss nach unserer Ansicht dieser geringfugicge
Gallenfarbsteffgehalt des Urins,scfern er nicht darin seine Erklarung
findet,lass die Entleberung unvellstandig war,auf eine Rescrpticn von

- : e boveel
Gallenfurbstoff aus dem Darme bezogen wexden," Such resorption from,

is,to ot view,quite negetived by the results ¢f Experiment V1, of my |
serieg,which lived for fifty hours,after tying of the rectum,without
developing a trace of Jjaundice. The other part of the sentence
quoted ,however,which ccncerns the possibility of incomplete extir-
paticn of the liver,seems to be much more important, Allusion has
already been made tc the small piece of liver tissue which must re=-
main behind the vena cava,and careful microscopical examinati&n has
shown me that it is impossitle to be sure that this tiny piece of
tissue remains inactive. How much bile couid bve vroduced by such a
small amount of liver tissue,however actively it functionated,is of
course difficult to say,and certainly the amount muest be scanty,
Still,the possibiliity of continued‘functicn cf this stump cannct be

. _ . prrable
entirely passed over. Under a later heading,the acticn of the spleen,



marrew,etc, ,in acccunting for this week Javhdice -ftz2r 1ivasy sxtiz-
cation and ooizoning,vwiil e frlly entev=d inte. A furth=r woint
in connecticr rith the conclusicns drewn by Hinkcwski and TFeunyn iz
that they dc¢ nct apr2ar te have teken notice sufficisntly of the i
close relaticnships between icterus =nd haemcglobinuria. lizking
use again of Experiments Vi, and V1il. in my series,it is seen that
in Exreriment V1., o ssvsre icterus was followsd by < pesricd of

haemcglebinuria,and this was in turn agein replaced by a, vsyicd cf

&

jaundice, In Exreriment V11, aiso,after severe pcisoning,haemo-

i .

zlobinuria anpszred =t first’to e zubseduently followed by a warke- 1
ed biliuria, Thus 1t seews to Tte prcbable thuat severs peisoning ;
n birds bll ngs on hzerczichinuris,“her=2a8s icterus ensues wvhen ths
neisoning is nct s¢ severe ¢r s¢ ranid in action, it va7 Tound in i
the exverirments made by injecting =z hsemclytic serur intc anirals |
to produce znaemia (Muir -nd ¥clize,1612) ,7hich hzve been dealt with
in ancthsr part of this thesis,that hasroglobinuria cnly cccurs when

the huemolysis has been severe and rarpid encugh tc prcduce haemo-

U2

globinmemia of suffici=nt intensity, The texm "threshcld valuse"
of the kidneys hsz been applied by American suthors (Pszrce, Au@tin,

Xrumbhaar, BEisenbrey,1512) ,to d=signate the goint =t which,haemo-

globinaemis being intense encugh,the kidnsys excrete the haemcglicbin,
[ (= talt | =

<
+
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At any rate,it must be recinted cut tha in Bxzeriment 1. ¢
Minkowski and Nauryn the birxd had icterus,and only a trace of hoemo-
gichin in the urine befor= the cvsration,and pu; haemoglovinuria

2ftar the opveraetion,the authors have nct considered sufficiently the

\k

cleoze velotions of icterus and haemoglobinuria, The opsraticn w-=

cerried out six hours ofter the voiscring,just the time whan the
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sotion of ths 7coizcn h-7 reschad it: meXiitum, Tc concludes Adefinit-1;

wem 4 NEREEE R P I S R
tharefore, b the conveyzicr of biliuvris irtc hoamozlininuria ¥a3 =

tha
result of the liver extiroaticrgis not in cur view, «dmi Sbul

Apart from theze consideraticns,vhich only heve to do with ths ex-
plansticn of varicuz points in the exveriments,l heve a3z a2 resy 1t of

O

my work srrived at 4 similer conclusion to theot of IMinkowzli an

Naunyn,namely ,zithcut the liver no marked icterus con arise in the
g00SE, I haves 7@t it no marxkel ictsrus,-the previous authcrsz,no
icterus at all,

Put dce: this coneiusicn in any way =clve the mrcb;em'cf heermo-
lytic icterus? I think nct,focr the question at once arizes as o
what heyo =ns in the gocse liver during the pr C*uCtiPﬁ ¢f the ictar

Yhat elements in the liver heve to do with the process? Is it the

liver cells alcne,or other celils enciczsd within the ilver tizsuse?
For thiz rart of my vesszrzch the histolcegical zprng-vancez found in tho:

centrol gezse,ofter inhalaticn of AsHjy are ¢f the greatest importanss
Befcre,hovever,the quezticn of what elements are concerned in the
nreduetion ¢f icterus in the livers of geeze could e apnrcuched ,a
study was made of the hiztology of the normal goose liver, The
livers of six normal ze=se,vhich had been removed bvefcre the poiscn-
ing (a3 was done in the =arly but abortive experiments),and of twe
ncrmal pigeorn=z,vere examined, The chief interest centrss cn the

so-cclled cells ¢f v, Xupffaxr (I8 the "Kupfferschen Starnzsllen®
L ) & 27

¢f German authcrz,which in “irdz -re very readily rscognizable a2z
endcthelial eells lining the bleced capillaries, In their nurb-=

\\

e gquite different in birds from whet iz frund

in wan,locz,0r cabbits, It wez found that pcrmellv thezs KTuoffer




cellz,erraCially theze Iiscwoer ths oeo hewy e L ths Livay lohules,

: (e S . 2 . - ™8 o. . e P
show o very merked diffuse ircn vesction,  (s2s Fig.3). In the-=
cells ved corpuscles,cr thelr nuclsar rsrnonts (the syvthrosytes .va

of courzs nucisatad in birds) 4qare found rnormelly enclezed,but pig-

ment was never seen in their pretopla: Thus the blocd cerpuzcle=-

-

containing cells descrived by Yinkewski and Meunyn (L 88) as the

result of pciscring with AsHz,-nd wvhich were sub

i

aquently by varicuz.

U:l

suthors (Léwit (1889)ete.) identified with the cells first described

by v. Kuoffer,ncrmelly in the goose liver encloge 2rvthrocytex,
The intanse ircn reacticn in these Kunffer ce2lls in the ncrmal liver

of geess proves the existencs in them of 2 very sneclal lron meta-

belism,vhich has avnerently up till now =zcaned recognition, It

2}

seems clear that in the goose red corvuscles are,under nowmal circure-

i

stances,taken uo by theze cells,and the ircen porticon of th2 haemo=-
globin mclecule is split off and retained,at first 4t least,in the

cell protoplasm What haprcers to ths ircen-free oigment pertion,

[N

whether it becomes the biliverdin of the bils dirsctly,cr ~nly «ftex
further change,rust as vet remein unenswered, - Cne thing 2t any rate
is certain,that this iron-free rpigment portion is at once shad cut
Afrom the Xuoffer cells,for in the nermal liver ne trace of nigment
wa3 e¥er sesn in these cells,

With these observaticnz cn the nermal histology and phyziclczy of
the goose liver we can turn much bettzr prevared to qonsider the
structure of the liver in icterus,. The appnsarances obu,lncd in
Experiments V1, and V11, are 1i°ptlcal,ana of great interest, The
chang=3s here again affect essentially thelKupffer cells,and 2re wall

shown in Fig,lb,and Fig.5. ,Thezse cells zre cbvicuzly much incra.
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above the normal in number,.nd in m=ny glacez block complately the
widened blood capillaxie:, The centrel venulzz c¢f thes liver 1lcbuiss

and the hranchss of the hecstic vein are also filled up with thase
cells,which are readily identified by the beautiful reacticn forxr ircn
which they give, In the blocd of the right =ide of the hsart,and in
the canrillariss of the lungs,large nurbers of these cellz sre fcund,
Thig shows that not only do thege cells multioly in the liver capill-
aries,but they veccme detached,enter the ctreculating bleed by the

3

inferior vena cava,and finally stick in the capillaries of the lungs,

(see Fig.0b). This extraordinary dezquaraztion of endcethzlial c=lls

+

of *ths liver cazillaries and thsiy coming to rsst in the lung capill-
aries haz & parallel in the ohssrvations of Azchoff and Kiyonco (1213)
in enimals injected with cammine, It is of courze well kncwn that

-

the endcthelial cell:z of thas liver ard the endcthelizl ceils o

tH

f

snlzsen and bone marvow all take up readily injscted ztains, Aschof?f
and Kiyeno showed that masny of these sndoth=1lial cells cont:ining
carmine become detached,circulate in the vlecd and form a part ¢f the
large menonuclear cell: of the blood, They =zlso frund numbers of
the cells conteining carmine in the lung cepillaries,and most of tham
die there, Theze changes are quite analogeus with what I have found
in my own experiments,

The contents of the Kunffer cells in my sxperiments,rhether they

rerain attached to the capillary wall or whethexr they circulzte frase

in the blcod,is the zare,namely,lurge numbers of red blcod ccorruscles
in 211 stages of degeneration, Some of these red corpusclss stain

Guite noemmally,but frequently simply the oval nucleus surrounded by

a ¢clear hale remsins, Large quantities of yellow and yslleowishe
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green rvigment -T2 zlzc found in the csllszs,chvicusly ths preduct of

red cell degereraticn, Sorme of thisz nigm=ant was of 20 merked o

green colour =3 te sugzsst miliverdin,but tris could nct be rroved
chemicaliy. The cell protoplasm has a diffuse iron reaction,just ==
is found nemally,but hasmcsiderin is vresent «¢ well in the form of
large and smell droplets or granules,cclcursed deep blue with wetazsium
ferrocysanide «nd dilute HCY ,and black with smrornium sulpghide, Drop=-

lets of haemoziderin ars alisc fcund frese in the capillaries aznd in

-
&
o

1

the branchss ¢f the hepatic veins, These are obviously eiths:

rived from broken-down endothelial cslls,or psrhavs zre set frese in

pE

e}
w

the circulating blood,

In the liver cells themselves haemosiderin was also present, but in
comparatively small amount,and oniy in the ferm of sm=11 granules,
Bile itself was only found in scanty bile capillaries,ard wrors fre-

gquently in the bile ductz ir the formr cof dark green nasses.

p.l

The explancaticn of trese changes must ncw be cenzidered, The
geose's liver seers tco be undoubtedly z double orgar,ccnsisting of

the syecific liver cells,and ef the cells c¢f v, Kurffer,vhich,beacsuse
¢f their identicel characters with the endothelial c¢=21ls of the sypleen
and the cells ¢f the splenic ~ulu,rey be almest described a= a srlenic
tigssue enclozed within the liver, At any rate,by viewing the

question in this way & much better idea is given of the clese re-

laticnshic between spleen and liver in geese, The Kuvffer cells
. Ao 5 . . \ - s
zeem tc have o syecizl function tc de with irxen nmetsbheliism, ™

icen vorticen of the haemoglcobin of the blocd corpuscles is vemoved ,
and held fimly in theze cells, What happens tc the iren-free rnige

ment rertion of the hzemegleobin is for haemelytic icterus the
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imnortant question, Thiz zu=sticn zeguires tc be =nswered focr nor-
rel cenditions as well,vhere the cells hevs a similer functicn in

ren metabolisr, The changes induced by the AsHz are ¢f ccurze

 ad

merely a gréat exaggsration ¢f the nomal, Either this ircn-frze
porticn of hzemoglebin must be extruded from the Kupffer cells as the
finished precduct biliverdin,or elge ag scme intermediate compound
which is sc fzr unknown, If the ircon=fre= veortion is extruded as
viliverdin,then,since sc¢ many c¢f these cells overflew intc the bleood
stream,biliverdin wust be set free in the blood, If this cccurs,
then is prcduced a true heemelytic icterus,vith which cnly theszs
endcthelial ceils,and rct the liver cells are ccncerned, If the
ircn-free portion is set free &s some intewmediate precduct,then this
intermediate body may verhevs have t0o pazs threugh the liver cells
befcre it becomes true viliverdin, Such a peossibility cennct e
dismissed,ard if this is what haprens,then there can be no true
haeﬁolytic icterus Without the intervention of the liver cells, In
the latter case the quasticn,cf course,vould $till remrain how the
bile,rrcduced by the liver cells in excess,finds its way back into
the blocd, The views if Stsdelmann, Minkowski, Eppinger, etc,,cn
the questicn have been already referred te, The work of Ogata,

however,haz shown that in cases of toxie icterus stazis of the bil

b

in the finer bile carillaries deoes nct sexist,foxr in many such czsz

S

Y
[0
[¢1}

with marked jaundice,nc widening of thé bile capillaries,vhich wouid
gpeak for obstructicn,can b= dencnstrated =t all,

I huve carried cut experiments ir dcgs which were poisoned with
teluylendiamin,and in which a marked jaundice was preducsd ,end in

cthar dogs whers the corren “ile duct was tied to bring about



ocbetructive Jazundice, The a@peﬁ:ances of tha Lile duct zve well
chewn in Figl.Ze In the cne case (chstructive) the dilutetion c¢f the
tile ducts is very merkaed,vhereaxs in the haerolytic icterusz induced
by toluyvlendieamin the widening iz minimal in degree,

Fror the findings in my experimsnts the conclusion has been srrived
2t thot it is not the rerobWal of the liver cells themselves,but the
remceval at the same time of the tiszve similear in functicn to the
gspleen but encleszed in the iiver, i.e, the cells of v, Kuéffar,that
leads tc the prceduction of no jaundice,cr only a slight o¢ne,vhen the

liver hasz been remcved, ‘

|
|

|

for the presence ¢f a weak jaundice after the rerovzl ¢f the liver in |

For the cccurrence ¢f jaundice after peisoning normal birds,snd

1]

|
cme of the exreriments,the zetion of the zpleen and bcne marrow canuf
| |

-

nct of course be ignored. These tizsues ncermally show the some ree
action for iren in endethelial cells to what iz found in the liver,
In Bxperiments Vi, and V1il, the endothelial cells of the spleen were
racked with red corpuscles in all stages of disintegration, These
cells give a marked haemosziderin rezcticon,and pigment masses exactly
similar to these in the Kupffer cells of the liver were present in
sbundance,

The question may be asked,how it iz that the wctivity of the ‘
svleen and bone marrew gives rise toino,or merely a very Weak,icterusi
when a gocse is poiscned after removal of the liver. It iz a fact
thot the spleen of bivds,at least of all those obzerved by me,is eox-
tremely sﬁall in cerparison with the svleen of higher anim=l:z,

When comvered with the relatively encimous capillary system of the

- »

liver it iz evident *hat the spleen in bird: can have comparatively



littie te dc with the ﬂﬁf?iking acun o¢f heem g_LC'q;jin. The bone maryew

in bivds 1s alsc extremely fwtty When one thinks that =ven the

K

latively huge liver of the gcose rust functicnate for some tine
=zbout four heoursz on the aVarag &= bvefcre sufficient vile cen be
vregsent in the blood to lead to itz appesrarce in the uvine,it iz in
nce way extracriinexry that fecllewing remcval ¢f the liver,the spleen
and bcne marrow,oecatse ¢f their small size,zhould be unable in the
¢ix or eight hours which the gocse lives to prcduce sufficiznt bile

tc be reccgrniszable a3 such in the blooed cor urine, At any rate,the

negstive findings of Ilinkowski and Nounyn in the tlood c¢f the

Y]

ir
enimals can be readily explained by the shcrtness.of the time ¢f the
exveriment, The guestion ¢f haerclytic icterus could be much more
easily solved if Iiver extirpation experiments could be carried cut
in animals such as dogs,ete. ,where the spleen is of such size as to
be of marked impcrtance for iren metabolismgand where the bone marrow
is a verxy considerable crgan, Here thesze twe organs could probably
croduce & ha emolytlc icterus cr the basis of the above thecry,cwing

S
T

te thelr greatexr bulk,

CONCLUSIONS,

Although the above experim=znts give ro pesitive proof of the ex-
istence of a true hasmeclytic icterus avart frcm the liver cells,yet
frem a repetiticn of the experiments of Minkowski and Naunyn,the
fcllewing cenclusions can bea dresmi=

1, There is no doubt at all that after remcval of th= liver,in

geese nclscned with AsHz,no marked icterus occurs,

The weak icterus which cccurred in some of my exrerirents ofter
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-

remcval of the liver,must derend either on thes functionel =ctivity cf
the épleen end bons nwerrov,cr ¢n centinied sctivity ¢f o 2mall tiascs
of liver tiscue left behind the vens cawa,

2 The reazcn why nc m=rked icterus follows extirpaticon c¢f the livsr
iz pnot that the liver cells have been ramoved,but devends u:cn the
"removal of the tissue enclozed within ths liver,nerely,the endcthel-
izl cells of v, Ku-ffer, These cells have,at any reate,tc de with
the first rhease in the precduction of bile,zirnce they split off and
tetain the ivcn vert of hasmoglcobin melecule,and set free the pigrert
»orticn,

3 Neither from the experiments of Minkewski and Neunyn,ncr frem my
own,may a definite conclusicn be drawn that a true haemolytic ict=arus
is impossible, On the coentrary,th2 histelogicel sppearances,espace=
ielly the creliferation and dezguamation ¢f the Kupffer cells,thsir
circulation in the blcod stream,sand their dz=ztricticn there,speak

spart from

L

gtrengly in favouf cf the cccurrence c¢f an icterus quite
any wsetion of the liver cells, = The argument that when the liver is
removed ,the homelogecus endothelial cells in the sctleen and bene
marrow do nct take up the work,is met by the fact of the extreme
smallness of these latter organs in birds,and the shert duration cf
the experiment.

4, An irportant questicn is hew far these conclusions,srrived at by
experiments cn geese,can be arplied tc human patholcgy, My 2xnere
iments certainly shew that the struecture of the liver in birds is

Gifferent fror thet in highsr animalsz, Quite apart from the rei-te

ive difference in size of the organ in bivds,there iz in themw 4 very

reci«l iren metabelism in the liver,vith which nct the liver

[}
Q
w
el
-t
3]
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but the endothelial cells lining the vascular capillaries,have to dc,
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EXPERIMENTS ON DOGS WITH TOLUVIIATRIAIIIY,

Te compars in the light of thaszs experiments on geess the

apnesrances preduced in hssmclytic icterus in the hizher snimsls,
L DNEETa 5 X 3
deogz were ncisconed with toliylendiamin (Stadelmann ,Afannazsiaw,ete,)

to bring abeut Jjaundice.

Bxperiment, 1. Dog 2,veight 22 kilocs.

On 16th,20th,22rnd,25th,and 29th Noverber,the dog received v2sp2Ct-
ively 0.4, C.7, 1.0 gms, tcluyiendiamin per os,and C,75,and
1,0 grrs. subcutaneously. FTrcor 17th November until the animal

-

wa3 killed con €th Dscember,ninetsen days in all,the animsl had

constantly jaundics and biliuyria,the y=2llowness ¢f thes conjunctivae

and the amcunt of bile verying with the doze of the drug given,
The dog lost . weight,and =%t dezth wsighed cnly 18 kilcs,
Post-rcorter, Only ths liver showsd the jaundiice m@crozcopicalily

being vellowish brown in cclour,very gressy,and cbvicusly very
fatty. Spleen fir,ard dzrk blue in ceolour, The liver and

& ]
3plesn both gave & slight haemoszidarir reaction,the kidneys nons,

Pone marroew very red throughout the whcle shaft of the femur,

F

he liv

XY

A

12

-

Mieroscorvically, howed o marked icterus,sspecially seen
in the centr-l vart ¢of the lobules, Pile was present mainly
enclogsed in the Kunffer cells,both as dark green droplets and -3
rodg,orobably identical with the Gallenthrimben dsscribsd by
Eooinger, L Per of thase dark green rodg wars found l1ying free
‘An the Yile capillsries,but most were inside the endothelisl cell:

Bile wss ulso present in the liver cells themselves,=z

<}

necizlily
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naar the centre ¢f the lobulzs,in the form of very fine giszern grane
ules, In films made Ly brezking up smalil piecss of livaw tissue,
«nd stzined by Giemsa's stain,the so-called Gallenthromben of
Eppinger ztood cut very clearly az dark green rods,some sheving
diztinct vifurcation, The fine green granﬁles of bile in the

, \
liver cells themselves wer® alsc well zeen oy thiz method, In
sactiong of liver stained for iren,the Kucffer cells,vhich are
not ne:rly so numercus as in geese,vrsctically sll gave a marked
diffuse haemosiderin readtién, | Many red blcod cerpuscles in «ll
stages of disintegraticn w=re geen inside the endcthelizl cells,
while in zcme of them bile,disintegteting red ceorpuscles,snd o

diffuse hasmesziderin reacticn c¢f the =rotorlzsm were vrezent to-

"

ether,
In zecticns stained by Erroinger's methed,to show the bils can-
illaries,harily = truce of widening of the capillaries could be

made cut, For cormuarison the common bile duct of ancther dog

was ligatured,and an cbstructelve icterus induced, The two
sppearances are seen side by side in Fig.%,and have alrs.dy been
referréd to.

The splzen showed merked corgeszticon,sll the sinuses belng fillad

with erythrocytes, I7zrkel rhagocytosis ¢f red corpuscles by
large c2lls wasz present,and a large amount of pigment,partly intrz-
cellular but chiefly extra-cellulsr,in the form of lrregui-r
gclden=broewn wazses,all giving a heercsiderin resction,wzs seen,

In =zcme of the large cells disintegrating red corpuzcles and
haercziderin were pre=sant togéther,but no bile w:s obzerved,

The lvmvh glende showed marked phagocytcsis ¢f red corpuszcles
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by lerrse cells,in the lccze centrel ports of the glzand

[

. In
cevtain glazndz,especicily those lying zlong ths spinal cclurn,the
vhagoeytosis of red cells wes quite es marked as in the spleen.
These cells gave sgain a definite ircn reaction,

Tilme of bone marrcew showed falrly numeréus large pale-staining
cells (Giemmsa's stain) contsining droplets of green bile,and brown-
ish pigwent and remnants of red corruscles %ere zlso found in these
cells, The resaction for ircn =ag not arvelied hére.

The kidneys gzve nc h-emcesiderin rezcticn,the only ch:ngs=

noticad b2ing the prasence of fine granules of bpile in cells of
the cenvelutad tubules of the cortex,

Experiment 11. Sm:11 dog,veight ©,95C zrme,

1 grr, of tocluylendiamin wzs injsct=2d subcutanscusly; nsxt day
there was very marked Jaundice,the urine containing abundanf tile
but no haemoglobin, The conjunctivas became deen yellow in coleour,
and the animal wzas 11l and refuszed all food, Twenty=-nines hcurs
after the injection the dcg w-3 killed.

Post-mortem, All the orgsns were tinged a deep yellow, Micro-
scopically the liver showed a very striking picture, It was ex-
tremely congssted,and all the capillaries were stuffed full of
Drvtbrocvtda.' Very little bile was found in the whele ssction,

and none at =1l insids liver cslls. In scanty and irrezular aress
& faw narrow green rods were sesn in the bils capillaries,in
zecticns ztained with carmalum, Ths scarcity of bile plement w:=

2311y very noteworthy,ccnszidering the extreme deg‘ee of Jjaundice,




In the endoth=licl Kupffer cells nurercns red cocrpusclsess wars 334n

enclozed,but they stained guite normelly,and shovw2d no gigns of

dizsintegration, In sesticns stained for ircon very littlie was
found. In a feov andothelizl cells ,however,a nezitive rezult 7oz

cbtained,the haemosiderin forming < single droplet zbout thz =iz
of a red corwnuscle,

i films 6f the liver pulo,ztzained by Giemsa's method,no bilse
waz found intracelilularly,but small Gallenthromben were definitely

racognisad, By this method,tcc ,nmumercus nucieat=2i rad ccrpusclses

(]

(ncrmablasts) were seen t0 huve been circulating in the bleood of
the livesr,an evidencs of the ancemia which telviendiamin induces.

Th= spleen sinuses wers all stuffed with red corpuzclesz,which
however gtained quits normally, Theare was conziderable ohuago=-
cy#tosis of exythrceytes,s3 in ths vrevious experiment,

The lyrmyh gl:onds showsd zlso very considerapls phagecytezis in
t

the sinuses, Thers was & coensiderabvle amcunt of pi

abnormality, Pigment was pré%ert in a few cells,but th%s Thay g
gquite phy?iologioal.'

The kidneys showed really an extracrdinary excretion of bile,
The tubules were in maeny areas filled up with large casts of
golden=yellow Dbile, In the secretory portion.of the crgzn,the

calls w-re ztained & deep and diffus= brown by the bile,

dxoeriment 311, Smwsll dog,weight 3,500 grr=,

C.%3 grr.e? teluviendizrin 7a3 injected subcutanecusly,znd tha
= » . |
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snimal wos killed fourieen -nd = hs1lf heuwrs -ft=c th2 injection,
Pafore dezth a quantity of urine of licht brown cclour,giving =
positive tezt for vile,was obtaeiner, Mo ictevus wez prezepit in
the conjunctivae,

Post-mortar, Urine taken from the bladder after death waz darksr

brewn in colour,and gave a marked rescticn for bile, Thz tizsues
showed practic=lly no trzcs of Jaundice, On centrifugelizing

the blood cbtained at death,rarvked haemcglebinasemis was found te
H

e present.

ft]

The liver w-3 bright red in cclour,snd microscepically showed
extrame cong=stion,the vascular c=pillariss being filled with red
corpurcles, A few large endcthelial cells geve o distinct iron

es of nigment were found,

L]

reaction,and in them erythrocytes and mas

The spleen

&

n

hewed comparstively, rhagoevteosis of red cells,

2
iy
ny

S

¥
o =

The lymph gleznds,on the contrery,gave evidencs of much phago-
cy~tosis,
The kidnevs had no tracs of jaundicz,and no abnocrmel app2-rances

were seen in tham,

n

CONCLUSICNS,

The characters of 2 haemolytic ictarus induced oy toluylendi.min
in dogs ares not in any sssential feature differeht from what we
have observad in geese priscned by AsHjz, The chief pocint of
differencs iz that ths structure cf ths dogs liver i3 diffsarent

from that of bixds, In dogs the endothzslicl Xupffer cellz srs

rmuch 1

1

S5 numercus than in fowls,and noermelly give no ircn reaction.

rhagocvtezis goes,the liver Ac2s not =eonm

at
o

Thue in do

Q

[47]
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te ba zo divectly as:ociat=d with the izcr wat bolizn <= in *irvds,
2 2ly ,2F h-3s veen suggerted azlrzady,that the leen in higherv
It iz likely,. h 1 suggerted slready,that the spleen in highe

snimals hzs taken cn thiz functicn,. But in the icterus induc=d *th=

i

andothelisl cells of the dog® liver show yuite similar chanses te

these feund in geesse,namely,chogegytesis of red corrmuscles,disinte-

graticn of ther,and the aoprarance of a hasmos 1de in reacticn in the ‘
i

cell vroto-laszm, The c=21is Yveing much lezs numerous,these findings
re net 30 prominent znd reaiily recognisable, In the swovl=en the

changes ¥een in dogs and geese during the icterus sve also sirilar
n Lo

but it hez been sufficiently emphasized alrsady hoymuch locger an

crzan the spleen is,comporatively s-esking,in the higher animals

=

then in bigds, In the lymchatic glands of dogs the changes ~re also!
very marked ,and of a similzar nature to those foeund in the splsen, f
In the geese it was generaliy a matter of extrems difficulty to find |
iymrh-tic glands =2t 211,and hencs no observations cn ther heve bheen
described,

Taking «11 these pecints into consideraticn,it seems quite nrovable

that ,vith medifications depnending on the different imnortance of the

svleen,z1]l that h-z been suggested in connection with the mode of
crigin of haemolytic icterus az 3 rvesulf of ﬁhe exrerirents on
g=2se,can be arnliad tc‘higher anirals,and tc man,

Ixperiments on deogs by Whiprle and Heopst (1913) ,vhich have cnly
r2cently been published,survort the ccnclusions arrived 2t in wy

zxperiments very considerably, After injecting haemoglobin into

the bleed siream of dors in which the liver had bsen comrietely
exciuded frow the circulation,they were able to preve that part of

the free haamoglabin wzs rapidly changed intc bile, Thav mada
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experim=nts ip 244iticn cr dogs in shich the blecd waz only allowed
tc cireulete in the hezd -nd thorax,the zbdominal cirvculeticn Leing
comrletely storred Ey certain su;gicil orocedutes,such =5 claernping
the zcrta, The dogz were kert slive for about two hours by
srtificial respiraticn,and in three cut cf four zuch exveriments,
haemoglobin injected woz partly changed intc.bile, ‘To reccgnize
vile in the zerum thsy used the Hupuert test. Although they give
no histolegic-l details,they suggest that the endetheliszl cellis cf
the blecd vessels,bone marrow,and muscles,msy have to do with this
altefation of the haemoglovin,  Their experiments,vhen lccked at in
connection with the histeolegical changes des=cribad in my dwn work,

zre of great interest and importance,
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. DESCRIPTION OF FIGURES,

Fig, 1.

To show the smell piece of liver tisgsue which must remain in

connecticn with the wall c¢f the infericr vena cava,after ex-

tirpation of the liver,

the ligature rcund the stump.

A, ,Vena cava; B, and C,,Site of

(x 8)
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Fig. 2. Liver stalned by Epringer'z method to show the bile cap-
illaries, A, ,Toluylendiecmin icterus (pog 1) ,with minimal
dileatation of the capililaries, B, ,After ligature of the
common bile duct a number of days previcusly,showing the
marked widening which occurs in obstructive icterus,

(x 1000)

Fig., 3. Normal goose liver,steined fer ircn and counter-stained with
caTmelum, Shows endothelial cells,all giving a marked iron
reaction,most numercus 2t the gerivhery of the lcbule.‘

(x 80)

Fig. 4, Goose liver after AsHz poisoning (Experiment V1l,), Shows
endothelial cells,all ‘giving a marked ircn reaction, A
brench ¢f the hepatic vein i cut in secticn,and is seen
fillied with desquarstad endctheliszl éelle. Counter-stain-:
ed with carmalum, (x 80)

Fig, 3, Similor tc Fig. 4,but under high magnification, The cone

tents ¢of the endothelial cells zre seen to bz haemozidsrin

(Adiffuze and in the foerm of drorlets) ,erythrocytez in all
stages of disintegration,and massss c¢f pigment of yellowish
and distinetly green colour, gcenty granules of haemo=-
aiderin are present near the marzin of some liver celis;

(x 1000)

Fig. 6. Section of lung (Experirent Vil.) stained fcr iron,and

counterestained with cermalur, Numerous deéquamated endoe-
thelial cells fror *the liver are seen caught in the lung
capillaries. The contents c¢f the cells are similar to

what is zeen in sections of liver, (x 1000)
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THE ANAFTMIA PRODUCED BY THE INJECTION OF A HAFRMOLYTIC SERUM.
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The firzt ¢heervation ¢n thevaction of & haemolytic serur iz szaid
to be that of Belfante and Carbone,vho shcowed that when an animal
was injected with the blood from another species,its blocd becume
highly toxic tc animals c¢f that species, Cur =xact knewledge cof
the nature of haemclysins ray,hcowever,be said to date from ths work
of Bcraet (1898f,Who shcwed that thers wés an essentiz=1 similarity
in the constituticn «nd mede of action of haemclytic wnd bvacterio=-
lytic sera. This wzs shortly feollowed by the well-known paperzs cn
the subject by Ihrlich and Kcrgenvcth (18%9), The literaturs on
the subject cof haermclyszis is ncw immense,but the vpart dealing with
the acticn ¢f hasmolytic sera in the living bvedy is comparatively
small,as comparsd with that cn hasmelysis "in vitro",

Cantacuzsne (1900) Pirast studied the action of & huemolytic ssrum
on rsbhbits,and hisz results showed that whereaz a falrly lerce dose
causzed a veryv rapid blood destructicn and a resulting snasmia,the
administration of srall doses might raise both the number ¢f red
corpuscles and the percentage of haemoglcbin, above the ncrmal,

Gruber (19%Cl1l) used a haemolytic serum while studying certain
quéstions with regard to complement ,and believed he hald demonstrat i
by its use the rre-existence cf‘complement in the pilasma,

Lefaditi (1902),in a paper cn the s.me subject refsrs to the
method of blord destruction.

Since that time haemclytic sera havs been used by verious worke s
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to preduse anzemia,but there is no good detailed account of the

™

resulting merphological changes in the blood ,whilst information on

i

many cother points is still wanting, I have accerdingly carried
out a zeriez of GXUQLlﬂent: on rabbits,and in the subseguent page=
an account will be given c¢f the impcrtant changzs met with in the
bleed ,vone marrow,and other organé of the bvedy,

The 3zzrum used in the =xperiments wzaz cbtained by injecting on
severali CCCsilions o ycung goat with rabbif's corpﬁscles,which had
beén washed free from serum, The subcutanecus method of injecticn
was used,and the corpuscle: ccrrasponding te 15 to 20 c.c. of blecd
were injected on five cccasions, The haerolytic dose of the serur
obtained wus ina test-tﬁbe expariment 0,01 c.c.for 1 cez,0f a fivs
ner cent susvension cf rabbit's corpuscles,zlong with the fresh
serum cf'a normal rebbit as comrlement,

As will e seen from the results of the experiments,the s2rum
used is in the rabbit's body = very active haemolytic agent. It
WS found that the mcde of injection aff”ctea the result very much,
since,cn the cne hand,the intravencus injecticn cf 1 c.c, may caun®
the destruction of the grester vart of the animzl's bicod; while,cn
the other hsnd,the intraperitcne=al irjecticn of 5 ce.c.tr mMers way
havs o much less zffect, The blood destruction in ‘the latter cuzs
is also a much mere gradual process,as in no such experiment was

haemoglobinurie rbsarved with doses of 5 c.c.,although this war of

u)

common ocouﬁ%nce «fter the injecticn of much smaller amcunts Dby thes

intravencus methed, This latter method was found the more conven-
i2nt,and was fellowed almost axXelusivaly in the experiments,

Another point is that the indiviiual suscentibility of rsvbits
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sries encrmously,so much s0 that it is impossible to gaugs the
degree of resulting ansemia from the dose of serum injected, This
will ve realily appreciated on looking at the wrotocol: of the
exnexrimants, It should also b= mentioned that the intravenousz
injecticn is frequently followed by toxic effects,vhich waoy scwetine:
1223 1o o repidly fatal result, In many cases,vithin twe cr thre=
minutes «ftar the injection of 1 c,c, of serum the animal 3hows
aymotoms of asthenia,falling over on its side in an extended wnosition
and the reszpirations vecoming much accelerated; in scme cases death
resultz,out in most others a rarid recovery follows, Again, in
scme instances symotoms cccur almost instanteneously after the ine-

jecticn; clonic convulsions appear,ani death cccurs within a very

Hy

short time,z2pnarently =3 o result of respirstory failure, It was

found that these acute toxic effefts may be to a lzrge extant
cbvizted by injecting the serum in smaller amcunts,with short
intervals of time between,

With regard te these initial toxic effects,morked veriations

ave been met with in dlffcrﬂrt animals ,some of ther dyving in o

b
.

cemmaratively short time sven when very_small doses were used,

Az a rvule an animal which has survived the first injecticn stands
second dose without seriocue spmotoms,and later on a certain dsgres
of immunity is established. It is also noteworthy that when the
initial effects have pacszed off without fatal result,the onirals

survive well,and do not lcse weight. The subsequent vhencmens

devend upon the degree c¢f blood destruction; either an zcutz and

]

atal anaemiz follows,cr an wznaemia which is follewved by ranid
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Compar-tively few lesions could be found in cther crzans,vhich
could be vut down to & $pecific action of the haemclytic zerur,
Changaes were,however,found in the heart musclisz in ssvaral of ths

experirents,and in cne c-se there were irregulz® zreas of nscrezi:

in tha iiwver, These changes ore gone intc fully in o subz2qusznt
mart of thiz thesis, Qur results differ in this rszpsct foom the::s

of Dudgeen, Panton,and Ross (1209) ,who employed sers obtainsd by

irrunising rabbits ageinst guinea-nig!'sz. and cat's corrusclas, In
*heir exveriments death cccurred at varying intervals uo te zsversi
Zayd,and wzs found to be assccisted with severe neerotic snd fatty
changes in the orgens,especially in the liver and kidneys,:nd with

hasmorrhsoaes,

EXPERIMENTS,

In 211 about twenty exuveriments with the haemclytic serum have
been corried out. Reference will not be made to all of these heuvs,
since an account of about hslf that nurber is sufficisni to illus-
trate 4ll tha =ffects of ths serum, The experiments £211 naturalily
into two group=, The first group comprizez the mores acute caszes
where dsath either cccurrad,or probably would h&ve cccurred,as the
rezult of the anzemia; in the second group reccvery hzdl taken nleze,
and the animzls wers killed at varying intervals to study the
regeneraticn of the bloocd,

The individual expsriments will now be described.
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EXPERIMENT 1,
Rabbit 3, weight 1360 gyms,

Day. Red Corpuscles,
o 7,200,000
1 ' 3,400,000
T2 460,000

L1.5 ceC,y Of haemolytic serum injected intravenously.

In this experlmpnt there cccurred a very rapid and intenss
anasric,although the tcotal amount of serum injected did nct exceed
1.5 ceCe. On the day.after the injection the animal vassed 20 c.c,
of nerter-coloured urine,vhich contained o large amount of hosmo-
globin,and on the sscond day 77 c.c¢. of urine of dark rcrte=wine
.¢clour,also very rich in haemoglobin.' The bleood films =showad slisht
variztion in tha size of the corpuscles,and there were many rartielly
decolorized corvuszcles,"shadows" also heing present, The grcund

cleur #ith eozin,acnarantly
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of tha films ztained = distin
owing tc the haemczlo®in in the nlasma, The t=23t made in the

crdinary way gave rarked haemoglobinaemia, The nurber of cor-

very low level,and on the second day it wasz

'l/

£211 to

o

puscies

difficult to snumerste them satisfzctorily owing to the number of
partially decclorised corpuscles which were present, There was
digtinet wlthough not great leucccyﬁosia. The animal
om the second day,zs it aupeared to De dying from the nrofound
ahaemia,

Post-ﬁortem. The cortex of the kidney h«d a deep brown,ulmost

black,cclour,cving to the smount of vlood pigment which it contwir
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The spleen «lzco wus almost black in colour,grestly consszted,and

somavhet increased in size. The liver was unsltered in zroesrance,

3

All three organsg gave a very marred haemosiderin resction,which,

howewer, :3 graatest in the kidneys and in the splzen, The
bladder contzained about 10 ec.c., of dark brown urine, Cn wicrc-

sconic exX=mination,the cells in th=s splenic pulp zhoved active

o)

vhageeyrtcsia of red corpuscles and clumps of grznules of h-ero-

u)

idsrin; many of the cellis also gave a diffuse iron reaction,

Th

WD

bene marrow of the femur waz soft,red,and friable, On micro-
scopic examination it w-z found tc be unusually rich in cells,the
ameunt of fat being diminished; the proportion of the diffsrent

¥ind:z of cells wez,however,practically normal,

EXPERIMENT 11,
Rabbit &, weight 1590 grms.
Day. Red Cornuscles, Leucocytes, Haemoglobin Z. Colour Index,

ok 5,020,000 7,000 74 1.0

1 2,1€C,C00 11,000 ' 40 1.5
hl c.C. Of haemolytic serum injected intravencusly,

In thiz experiment a very intense anaemia was producéd by the
injection of only 1 c.c, of serur; fhe animal was accordinziyv an
exemnie of very zre-t susceptibility to the peison, Cn the daoy
after the injection there was marked hazroglobinurie,and the urine
gave the zpectrun nct only of haémoglchin,but elzo ¢f :cid heeratin

Stained films of the blcod cn this day

[¥)]

howed no chengs= in the ziz»

form of the corpuscles,but a coensiderable number of "shadows" cox
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imperf=ctly decclerised cornuscle

[}

s wars przgent, As the blcod

desztruction was apnarvently very ranid the animal was killed

joN

ninstsen

hours ofter the injection. The tim=2 of ccagulation ¢f the blecod
wzs much delayed,nc clct cccurring fcr twenty minutes, Herked
haeﬁdglcbinqemia w3 vresent,as shown by the ordinary test,
Post-mcrtem, The kidneys,as in the previcus experiment,showed a
dark brown cortsx,but the colour was not uniform,being arranged in
broad bands in the lines of the vessels, Thez =pleen wz: not en=-
larg=d,sut was alrest bleck in colour. The liver waz normal in
appearance.,  There was & merked huasmosiderin reaction in the
kidneys,spleen,;and liver)but esvecially in %the twc former, Hicro-
sconic examination ¢f the spleen showea,as in the previous eX-
periment,much vhageeytosis of red corvuscles,and a considerable

amount ¢f hasmosziderin in granules, The marrcw contained a large

provorticn of fzt and tlocd,the cellular elements of the marrow

prover being comparatively few, In the sections scme of the red
corpuscles seemed to be undergeing lysis, Some of the myeloeytzs

showed chremztorrhexiz of the nuclei, The haemogiderin in the
kidneys and liver gavevonly a diffuse iwon reacticn, Haemoglobin
caztzs wers present in the con#oluted tubules of the kidneys in
enormeus numbers,and thers were also clcudy swelling and some
vacuolstion of the cells of these tubules, In the liver there
were found,on microscopic exXamination,some irregul&rbareas of

recent necrcsis,This lesion will be rsferred to later on.



BXPERIFENT, 111,

Rabbit 5., weight 2128 grms,

Dayr, Red Corouzcles, Leucceytes,
o 5,900,000 6,000
1% 5,250,000 10,000
2% 3,520,000 . 10,000
3 1,440,000 , 7,000

1.5 c.coof haemolytic serum injected intravenously,

L
=t
L J
O

In this experiment hsemegleobvinuria was vresent on the second duy
after the injecticn,and on the day felloving the animal passed
140 c.c, of dark r2d urine,there being evidéntly an extremrely ranid
blocd destruction gcirz cn, The zvectrum cof hsemcszlebin was <till
faintly visible when the urine was diluted 1 : 30. On the day

little

following the injection the blood showed comvzratively,changes,one cx
two nocrmoblasts, however,being vresent. On the second day there wa=z
very marked anaaris,nurmercus "shadcows" were present in the filﬁs,and
there were alsc some bascrhil meg=locytes. The animal waz found
dead on the merning of the fourth day cf the experiment, The
bladder containad post;mortem a quantity of durk chocclate~coleursi
urine y2iving a distinc® spectrum of hasmoglodin,
Postemortem, The appearance of the kidneys,liver,and spleen,w43
Practically the z-we o7 in Bxperiment l,althcugh the cortex of thea
kidney wuz not of sc dark brown a colour, The microscopric -pns-v-

4

ancez were slsc sirilar. The spleen showed much thagocytosis of



red ccr-uscies,and -Ilzc¢ contained myth granular hasmcsiderin, The
‘ .

hone mareow was found to be rartly depleted of cells: the red cor-

puzcel=s in the wvasculear 2preces anr2ared to bz partiszlly lysed,and

ct
i

some of the myelocytss shewed chrocmatorrhexis, The kidneys showed

some cloudy swelling,and ccntaired some haemoslobin casts,

EXPERIMENT 1V,
Rabbit 15.weight 217C grms,

Day. Red Cerpuscles, Leucrcvtes, Huemoglobin %. Colour Index,

ol 7,200,000 5,500 85 1,0
1 4,620,000 11,000 62 1.1
2 2,080,000 5,300 34 1.4

ley c.c._of haemolytic serum injected intravenocusly.

In this exceriment the injecticn ¢f 1 c.c, of serum,in two
equzl parts at an interval of an hour,led to a very rapid blcod
destruction and marked znaemis,as is shown in the table, Careful
examinations of ths blocd showed that haemoglobinaemia first

hours

appeared two and three-quarter,:ftar the first injection,and grad-
vally increased till the end cf the exrveriment,vhen it was very
markea. Severe hasmoglobinuria cccurred on the day after the in=-
jeétion,the spectrum being still resdily detected in a dilution «f
1 : 25, On the fcllcwing day haemoglobin wasz alsce present in
abundznce in the urine, Th= chonges in the blcod corrssponded tc
those in the cther acute cases, Nucleated red cells wers very

numercus,and a prewinent feature alsc was the number of "shadows"

Present, The alterations in the orgens (depcsits of heemosi siirp,
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)

and z¢ Ffopth),vere of zimilar naturs to those already rscorded,

ct

The onimal w-s fcund de-d cr the third day after the injection,
EXPERIMENT V,
Rabbit 23, weight 1145 gmms,

Day. Red Corpuscies. Leucceytes, Haemoglobin #Z. Colcur Index,

o 5,370,000 6,000 60 1.0
1* 2,880,000 - 11,200 35 1.1
2 1,730,200 5,000 22 1,15

Ll CeCo0f haemolytic serum injsctel intravenously,

2y CeCs : :

In thi= exverimant a rapidly vrogrez3ive anaemia was induced.
The animal wzs killed on the second day after‘the injecticn,in
order tc astimate its blood volume,  Because of the warhing out
of the orgars necessary fer the bicod velume estimation,the histo-

o

logical wrpearances were,of course,much disturbed.

ZXPERIMENT V1,
Robbit 24, weight 1474 grms,

Day. Red Corpuscles, Leucocytes. Haemoglobin %. Colour Index,

o 5,620,000 5,300 ' 63 ‘ 1.0
1% 3,480,000 12,100 52 1,36
2 1,040,000 9,200 18 1.8
“1 e.c.0f hzemolytic serum injected intravenously.

2

1 c.c,. o :

This was o remarkably acute caze,and attention may be drawn to
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the hirh Celour Indax o%tsined ¢n the sscond dav, Hiosmcglebinuria
was very markad,endt ths hlood hzcame very thin znd watsry, In
blood films ":zhedows" ~wesre 2xtrerely nurmercus. The znimal 7ied on

the evening of thz seccnd day after the exXperiment was cormencedg and
nost=mortem =2xzctly =imilisr changes to those already descridbed wera

met with in the organs,

In the experirents nov te ve described the injection of the zerun

produced & much lezsz zcut

3]

affect ,mecrs than one injection %eing
nzcess=ry tc bring about a marked degrse of anaeria. In none of
these csses did a fatal rezult follow the injection of the serum,but
the animals were killed at varying stages of recovery fren the
anasria. It wa in thesge exreriments that the mest marked rorvho-

logical chang

()]

¢ were ret with in the blocd. and blood fermring organs.,

EXPERIIZENT Vi1,
Rabbit 4.wveight 1800 grms,

Day. Red Corpuscles. Leucocytes,
o’ 7,100,000 8,000
1% 4,850,000 10,000
2 3,250,000 14,000
3 2,950,000 11,000
a3 - 3,360,000 12,500
5 1,520,000 32,000
6 1,280,000 20,000
n 4 1,58C,000 11,000

8 2,000,000 Lo 115,000



"1.5 Sece CFf ha=zmclytic seruy injected intravancusly,
Z'O. : : :
3’1.0 : : :
0,45 : : :

Nete, The liesugccyte counts on days 5 and € include the erythrce-

"blzcsts,vhich ware present in large numbers (zee under),

On the

Fﬂ

econd day after the injecticon,b=sophil megalceytes and

nuclezted red corpruscles were present in the blood; the former
grajdually increased in nuwrber,end cr the fourth day after the ine

jection formed « large prevortion cf the red corpusclss vresent,

fact,on the fifth doy they appe%red salmezt =z numercus =% the ocr-

dinsxy red corpuacles; This ccendition confinued,but the tasorhil
zction becare much less rarked in many of the corpus cle=z,s0, that

on the dey when the znimal was killed 211 stages in steining re-

acticn were seen, A few red corpuscles showed punctate bosorhili.

k\

but this condition was never ccmmon, The nuclezted red corwuscles

it

alsc incressed in number,the maximrum teing resched on the fifth day
-after the injecticn,vhen they numbsred 9500 per c.mm,,by far the
largest number met with in the exveriments,; there were «lsc on this
Aoy neaxrly 1000 free nuclei of srythroblasts, The nucle-tsd red
corpuszcles were nurercus till the dzy of death,vhen they numbered
5000 per c.mm.; for the most rert they were of the normodblist type,
but thers were also = considerable porticn of megaloblazts,sspecizl-
ly ir the la:t three deys., The nrotorlasr of the megaleklasts had
& basophil re-ctior,and most of them showed a punctste coendition,

As the anaemia became more marksd small red corruscles measuring
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dewn te Qﬂ/¢ppeared,but the2gz were not 8¢ numerous =& in other
=xreaerirents, The nurber of lsuccoytes wer incrswz2d throughout the

sxperirent; In o gerxiaez of differentiald ccunts the prescrtion of the

differsnt cideszzes of white cells vury considerably,but therz waz an
o :

absclute incresse of lymphocytes az well as;;olymorphs. The noly=

morohes showsed & maximum of 358 per cent con the fourth day,z large

percentage for the rsbbit, The blood-platelets thrcughout the exe

periment shewed - con idersbls incresse, There was no haemoglcbine-

uria at any tim=,end the animel was killed when blecd regenersticon

arrezred tc be progreszssing repidly,
Pest-mcrtenr, The varicu:z organs wsre practically normel in anvnear-

D

ance; a hasmoziderin rescticn was present in the liver,scleen,and
kidneys,but was comparatively slight in each, Micrcscopic eXare
inzticn sheowed a slight iron reccticn in these crgens in the uzual

gituaticns, The zvle

0
[

zheowed o ccnsiderable amcunt of vhagoeytesis
cf red corpusclez,znd there w45 & considerable amount of huemoziderin
in cells threughout thw pulg. The bone merrvow wes very red and scft
and on microsccrpic =2xaminaticn there waz found tc be a very marked

erythrovlastic rezction, Muclezted red corpuscles were pr=zent in

i

enormous numbers,- mszaloklasts,ncrreblsztz,and intermediate foxme o

1

and e mitotic figures occurred in all of theee (see'Fig.?). The
relations of these cells will be entered into later on, There was
alsc an obscluts increase of the finely gr&nular»myelocyﬁes,although
their relative nrcvcrtion remsined still below the normal._ This |
fact wight b tuken to indicate thut the serur hed zome effect on

cells of the granular series a3 well,but this iQ not ce”tain

A

we know th.t in every ecythroblestic reacticn her@ is alwasyvs an



zeoomnenying insvenze ¢f the levecblaztic tiszzues.

FXPERILENT Vi1l,
Rab®it 7, weight 1550 gmms,

Day. Red Corpuscles, Leucocytes, Haemoglobin %, Colour Index.

o’ 6,760,000 13,000 82 - 1,0
1% 1,590,000 15,000 73 11,31
2% 1,180,000 14,000 55 1.0
' 3% 5,240,000 8,000 52 1.11
4 2,240,000 23,000 a2 1.5
5 1,250,000 14,500 31 2,05
e 1,240,000 27,500 32 2,14
7 1,896,000 21,000 33 ' 1.43
8% 1,960,000 10,000 40 » am
9 2,360,000 14,300 0 1.4
10 2,430,000 9,000 43 1.46
11 3,274,000 $,100 44 1.1
12 3,180,000 8,800 44 1,14
13 4,340,000 7,500 60 1,14
14 4,780,000 4,500 55 . 0.95
15 5,8C0,000 5,000 65 0.9
16 5,110,000 8,000 70 0,95
17 5,750,000 6,500 70 o 1.0

1 coc, ¢f haemclytic serum injected intravenously.

21 coc. : :
3 .
1 CQCQ : : ’ .
*5 CeCy : intraperitoneally.

o
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In this sxreriment there was nc haemoglobinurisz,-ilthcough three
intravencus and twe intraperitenesl injections were made, The
second cf the letter injecticns cn the eighth day caused no further
droep in the nurber ¢f red corpuzcles,thsre being avvarently szonms

immunity estzbliished. Az in rvrevicus experiments,some bazophil

cornuscles arnezrsd ocn the zecend dey -fter the injectioc

p.
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day there ware alzc o feow erythroblasts. The vazophil cerpuscles

increzzed in nurb=r cn subsequent daysz,and some of them re:ched =
lers= size, There waz scme runctute basophilia on the sixth =nd

follewing days, On the eighth d=zy thé game chungss were found,hut
thers was 2180 meny micreeybtes anrd a few poikilecytes,the former
being intensely ec=zircvhii, Fucleated red cornuzcles,bocth norme=
blasts «nd megelcotlazts,ceccurred througheut the experiment,but were
always zc:nty. Recovery wag very rarid,and by the thirteenth day
the red corruzcles wer2 nearly 411 well shaped =nd of unifory size;
the gréat najority were,hcwever,cvarezized; only a few besorhil
cerpuscles were then prasent
-Pcst-mcrtfm. The crgzns were prectically ncmmal in appesrance,the
Spleen ard kidneyve gaove o wellemarked haemc=ziderin resction; the
liver gave & very =light reaction, Mlnrc copic exumlnqtlon cf the
marxrow showed z well-w-rked ervthroblastic reaction,vut this was ngt
80 marked zz in the previcus experiment, The spleen slso showed
less phagocytesis,snd contained fewer haemcsiderin granules, The

cells cf the liver and kidneys gave a diffuse ircn rescticn,



EXPERIMENT 1X,
Rabbit 10, weight 166C grms.

Day, Red Corpuzcles, Leucccytes, Huemoglobin %. Colcur Index,

o 4,370,000 3,500 59 1,0
1% 3,520,000 8,400 55 1.2
2 2,390,000 6,000 38 1,26
3 2,024,000 7,500 25 0,96
4 1,35C,000 8,600 . 23 1,34
5 1,420,000 &,000 24 1,3
6 1,250,000 8,500 18 . 1,15
v 1,27¢,000 9,000 20 1,23
g3 1,500,000 9,700 20 1,02
9 1,120,000 12,500 19 1.32

10 1,150,000 10,500 22 | 1.54

11 1,250,000 7,500 20 1,34

12 1,770,000 7,000 2 1,0

13 1,700,000 4,000 : 24 1,07

14 1,690,000 4,000 28 1923

15 1,735,000 4,700 30 1.31

16 2,190,000 4,000 38 1,38

17 2,630,000 4,000 40 1,23

18 2,870,000 4,700 30 | 1.07
19 3,280,000 4,800 42 | 1,0
20 3,240,000 4,000 b 1,07
21 3,400,000 3,800 50 1,11

1 c.c, of haemolytic serum injected intravenously.,
1 CeCo, . . .
3.0,75 c.c : :
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In this experiment the enimal waz allowed teo live for sbeout ten
weeks, in crier te deteimine whether any change cccurred in the dise-
ovecgition of the hasmosiderin, During the first two days of the =x-
periment there wuz nc heemoglcebinuria,but cn the third d=y ths
animal passed o large amount of urine which had o distinet reddish
colour znd g=ve the spectrur «f hgsmoglchbin, On this day there
wos alzo distinct hoameglobinaemie, On the fourth day the urine
waz very dark in colcur,out did nct give any svectrum of haemcglcbin,

The fcllcwwng sx3 the chief tlcod changes, O the zecond duy
"shadowa" of red cecrpuscles wers found in the films,and there weare

-

wlz0 = few bazcchil megalccytes, On the third day the baesophil

X
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corvuscles incrzased in number,snd afterwards formed o prominent
feature in the bleocd picture. In the later stages,as in previcus
experirents the basorhil reszction becare lezs marked,so that
variationz in the staining re=cticn wsre present, By the ninth
duey (after the lest injecticn) the corpuscles showed remarkable
varistion in size,reazuring from 2 to 9,54,and there was also «
definite tendency to reikilccytesisz, Nucle-ted red ccrpuscl=s
ceccurred from thes focurth doy onwerd,but were alwaysvvery scanty.,
Poth ncrroble=ts and magaleblcosts were precent, At the end cf ths
experiment the corruscles were again comparatively unifecrm in size,
theugh bzzovhil nmegalocytes were still present, Enurerztion cof
corpuscles was not made after the eighteenth day. The znim=1 wa:z
killed c¢n the szeverty-cecond day,baviné apparehtly regzined onerfect
health,

Post-morten, The stleen «nd .kidneys gave a Marked haemcziderir

r2ection; the liver alsc,slthcugh te a less extent, There wasz
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nractically ro rhzgecytesis ¢of red ccrruseles in the soleen,but 1t
certained nurercus haemcziderin granules,enclcsed chiefly within
endctheliial and connective tiszue cells, The abdomrinal lymwrh
giands contzined a considsrzble amount of crznge-coloured pignent,
tut this geve nc iron rsaction, The boene marrow contained = con-
sideratle proporticn cf fat,end the number of cells present was
really below nommel limits, There were still,hcwever,well morked

iglets of rucleated red corgvuscles,

EXPERINENT X,
Ravuit 21, weight 2292 grms,

Day, Red Corruzcles. Leucccytes, Hazemoglcbin 4, Colour Index,

o/ 5,850,000 - 4,400 70 1.0
1% 5,180,000 11,200 60 | 1,0
2 3,010,000 20,000 a4 1.2
3 $60,000 3,000 20 1.7
4 900,000 13,100 16 1.52
5 1,320,000 16,500 18 1.19
5 1,470,000 11,200 20 1,19
7 2,180,000 4,000 30 1,19
E 2,400,000 4,600 38 1,34
9 2,450,000 4,700 - 40 1.4
10 2,980,000 6,000 18 1.4
11 3,370,000 4,700 54 1.4

/. 1.25 c.c. of hauemolytic serum injected intravencusly,

21,0 c.c. : : :
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On the day cf the first injection hasmeglebinuria wsz found to be

»resent four hours,-nd egain six hours,sfter the injscticn, An

e

exzrination for haszmeoglchinaenia was regetive on these two cccasicns,
Orn the next day there w=s nc heemcglebinuria,end it did nct reavoear,
On the second day,however,the urine wes very dark in cclour,=nd govse
the reacticon feor pile opigment. On the third dsy bile was present

aga2in in censiderable armount,and it is to be ncted that this iz ths
gall ‘ )

enly exrveriment in which biliurie felleowed the injecticn of the

TeTU. Cn this day too zlisht haoemcglcbinaemia was present,-nd
glzo livserwiz, Cn the fourth day wile had disarreared frem the

urine, The chanzesz in the blced corresponded to those in the rrev-

icus expreriment,bsscphlli megalcceytes oppearing cn the secend day of

the exveriment,snd *heresfter sra®ually incre asing in number; zt 2

Lﬂ

sophil

iy

1aﬁer rericd they 1cst to 2 considerztle oxtent their ba
reacticr, Erythreelzsts ¢f both tyrnes cccurred in the blecod from
the fourth day anardS,but Wa2re nsver very nuwrerceus,

?ost;mcrtem. The orgzns were Gracticaelily healthy in =upesrance,
The kidneys,spleen,snd liver gauve a distinet haemcsiderin reacticon, g
which war most marked in the case ¢f the two first, The microscoypic
aprearances with regard to the haemosziderin corrBSpondedeith those
in uyrevious exrperiments,the amcunt of grmnules in the spleen,however,
being sveci=lly cre-t. The becne marrow shcwed an extremesly marked
erythrebliszsztic rezcticn,the proportion of fat teing diminished,ard
there veing large zreas cf erythrcblezts. legzichlaszts -nd nommce
blaste with =31 trensiticonsz were present. As in Exveriment V1

there waz un sbsolute,though net relsative,increase of leuvecroblazti

joy
D

tissue, The lymrhatic glands,ze in the previcus exrzeriment,




centained o large znount of yellew pigment which d4id nct give the

iren rezcticn,

EXPERIMBENT X1,
Ratbit 25, weight 146C grmse,

Day,. Red Corpuszcles, Laucrcytes, Hasmoglcbhin %. Colour Index,

0 5,96C,000 5,300 82 1.0

1% 5,200,000 15,600. 80 1.0

23 35 820,000 27,000 58 1,09
3 3,200,000 29,000 50 1,12
4 1,850,000 27,500 38 1,7

5 1,170,000 . 40,000 22 -1, 36
& 1,860,000 19,400 34 1,3

7 2,840,000 27,000 48 1,3

8 3,150,000 13,100 52 1.18
g 3,83C,000 9,000 60 1,12
10 4,730,000 8,000 66 1,0
1l 4,840,000 6,000 - 68 1.0

I 1 cie. of haemclytic serur injected intravencusly..
"1l c.c, : :

3'1 CeCys : :

The high leucccyte counts =re partly due to the presence of =rythro-

"blasts,

In thiz exreriment the snaemia was ruther less acute, The point
of grestest interest in ths blocd was the marked erythrevlasztic,

reacticn,vhich sppeared about the second day =nd centirued through
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the gre-ter vzrt ¢f the experiment, Many of the nucleated red cell:s
exhibited vesutiful punctzte tssophilia ¢f their pretoplasnm
Pest-mortan, The changes found in this csose were exXectly zimilor

tc these of the nrevicuszs experiwent.

Frem the abevse pretoecls 1t will be observed that in 41l cazas

marked anasmis fellowed the injecticn ¢f the serum,end in six ¢f ths

sxrerivents thsre was also haemoglcbinuria, The severity of the

-

ansemia,ond the ranidity of

[
b

s course,varied much in diff=srent
cases, In severzl expsrirents o zingle injsction wez zufficient to
destroy fully twe-third= c¢f the cnimsl's corrnuscles, In othzr exX-

periments moere than cne injecticn wus required to bring «vout mearksd

))4

alz eIt g, It waoz evident in scme of the loncer and more chreonic
experiment: that a certain degres of ilyvrunity tc the zerum hed Te2n

develcrned, It i

(23]

also very noteworthy that in one exreriment 2

t”

fall in the number of ccrrvuscie: of five milldon per c.mm, took
place within five days,vithout any haemoglobin arpearing in the
ufine. An iﬁportanf gointvobserved,too,ia that as a rule the full
effect ¢f the injecticn,ss evidernced by the fall in the red c=11

count,is not resched until abeout the third day after an injection,
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THE RESULTS OF THE EXPERIMENTS

1)
The rost imocrtant rezults wre concerned with the morchclogical
changes creduced in the perirhersl blced,-nd in the bcene marrow,

These will now be dizcussed in greater detail,

Changes in the blocdd, ¥hen the blcod deztruction hasz been rarid
28 1pn the z2ix firet experiments,strcmata or "shadows" of red cor-
puzecles may bs z2en in ccnsideratle numbers on the day folleowing on
injecticn. Corpuscles which have lcst part of their haemoglobin,
g0 th-t only & narrow ring 2t the perivhery steins pink with ecszin,
z2re =lsc feund (see Fig.l.). Thése changes,vhich scon disacpear,
cenatitute,aleng with the £all in the number of red ccrpuszcles arnd
drew in the r:eroglcbin nercentage,the direct evidence of blood
de%trucfion. The chief and most interesting alterztions however,
sre dependent on the prccess of blood regeneraticn,and the first of
these is the =vnesarsnce cf vusophil or relychromatorhil messlccevtes

in the cirveulzticn (see Figs.l andl). A few’of these may be

‘'

1]

een

9}

n
the day follcwing the first injection,but it is usually cn the seccnd
day that they tegin to =rpear in ony nurber, Thereafter they bve-
core more and more numerous.. These bascrhil megalccyvtes are un-
Geubtedly yvoung and imrsture corpuscle ,and when erythroblasts scme
of them ccrresvend with the fermer cells in size and in gtaining
reaction of the vroteplasm. At first there is a marked distincticn
between these irmatire mregalccytes and *the ¢ld red corpusclee, tha
tluigh etzining of the former contrazting with the pure gosinophil
Teaction of the lutter. It must b2 neted hewever,that not all the

Newly ferred wrecalocytes are tasophil in stuzining reacticn.
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]

Whensver eryvthrevlasts wppesr in the cirveulaticn the nyctorl-:r cf
rany ¢f ther has < sure eczin steining,=nd the macalceytes darvivel

frem theze will hove th

]
(L]

sare resction, Therefere it must b2 that
two kinds of young ceorpuscles enter the vloed stream; first,cornus

cles ¢of nomal cr zomawhat abeve normal size and with pure =osir-

ophil reacticn,znd seccnd,the largzer bas egalceytes, The

former will be distingulisheble cnly with 4ifficulty frowr the rre-
exizting cerpuscles,vhilis the laotter are rezdily identified, It is

the size ¢f the bascvhil megslceytes which is so neteverthy in the

. In ncne of the cther sexvperimental
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regalccytic,ond mere clezsly
rezenmblegs the conditicen seen in pernicicus anzemiz in men,then in
any of our cother exreriments. As the zngemis progrezses z number
of the c¢ld exythrccytes sursrently diminish in size,sco that corpus-
cles ¢f 3 to 5/v in dizmeter (wicrccytes),vhich stzin inteneely with
 €ogin,ars cresent, The result of wll these changes is that zbout

the end of & week,vhen the zurcemia i

)]

very marked,erd regeneration
geing or rupidly,grest varizticns in the size cf the corpuscles axe
zeen (see Fic.§5) . Careful meazurements in fresh unstsined films 2t é
this time showed that the ccrruscles varied in dismeter from 3 tc
9.5/A/ih di:ireter, Corovuscles of all degrees ¢f basophilia =zxe

ret with 4t this stoge, As the animal reccvers there is a4 comiar-
atively ra0id change ir the blecod victure. The Tazovhil reacficr

in the erythrocytes pas=es ¢ff,and at the serz time the. veriaticns



ir zize grs ually dizerrezr,zc that bvefore the Yiced crunt has ree

o

turred to roxrel the cells meyv Yo neEarlyv uniforyr in éize (eeelFig.é)
These changes in =zize and in staining reaction,which may cecur in -
fow deys aTe indeed very remarkable, Cne can imagine thes megaic
cytes underccing certrsction,but it is less likely that the micre-
cytes ilrcrsase in size; yet either this cccurs cr they must be

tr

rapidiy de sed,

|~I

4]

Purctste bazcrvhilia wag a falrly commen,but very veriable feature

of the znzaria (sz2 Fig.3d.), Az a rule it zpreared istzsr on in the

"

fon

experiment, ar bseguert tc the occurrence of the diffuse T-:0-

philia, It zeems certain,in these exceriments at lezct,that it is
simoly a further stage of polychvcmétophilia,due te the bascrhil
substznce becoring coendenzed into'fcci,drd not &z degenerative changs
in any way,
Mzrked rcikileocytesiz was never mat with, Whan the ansemi: was
Tevere,zcre varioticon in share was present zaleng with the greast
varizticn in size alrezxly referred to, But the change was come
teratively s2light o3 compared with whet is found ir pernicicus
anaerlis ir nm=n, It is orcbseble that a time element rlays & nart in
the develeorment of peoikilceyteszis,«nd our experiments were cf courze
of very brief duration.

Nuclezted red cornuscles were found in the blced in all the sx-
periments,but in very varyving nurbers, Thege which appear firzt

are all ncrmoblazte (g22 Fis.3). Loter,ganerally zbout the fourth

‘or fifth day,reg-lcblzsts alsc apre:sr (see Fig.h); the protonlasm of

& &

these ig fraguently bescrhii,cr else shows marked punctate basc ™l

The nurber of ervthroblazts rresent bore no relation te the raridity



cf Tlcodl regensaraticn, Ir one =xcariment the nuwrber ¢f nucleated
reds in the bloced was fount on cne ccezsgicn te e -,5CC r=2v
but 28 o ruls thev wers much 14283 nur=rcus than this,

The Cclcur Index in pr=ctically 211 the =xperim=ants in which fﬁe-
haemcglobin was eztimated,became definitely reiszed during ths hsisht
cf the zarncemia, The highest Index met with w2z 2,14 on the sixth
dzy of Experimert V111l,; cther Indices of 1.5 te 1,7 were ret with
mere than cnce, As 2 1ui% the highezt Index ecrrespended very
cicz=ly tec the greatest degrees cf sneemi

The Leucecsvtes were a8 a rule ircreased during the exveriment,

ol

but tc s very vervirg degree,  The diffevential count of the whits
cells seers tc v.ry censidersbly in the nermal r2dYbit. Wh=re
differentizl ccunts were made hoewever,in experiments wrhere there wos
& ccnziderable leucceyiczis,there zpneared tec be 3 diztinetly ine
creased rercentsge of lvmphceivtes, In a few experiments distinct
evknctic chengs was seen in some of the leucccytes in the blcod
films,vhich shows that tbe serur used hzd some leucotcxic zcticn =zs
well z=s its haercivtic effects;

The blood rlatelets were always markedly increzzed in numbe
during the expsriment, In cne case where a count wss razde hy
Aynsud's methcd,they were found to number =bout 1,200,000 per c.mm,

The rate of regener-ticn ¢f the blood wasz extrerely rapid,

Thus in Exreriment V11l, thers wes for three days an average dzily

incresze cf £90,000 per c.mm.; in Exrsriment X, for seven dzys &r

zverage ircregse ¢f 35C,000; =znd in Exverirent Xl. for five days zn
\
e

average increaze cof 7CC,000, Cantecuzene chservad ths same thinc

in hig exneriments ,end Ritz,@ﬁ we have zlso 3een in cur own Work)



firzt »rintad cut thet the Diccld regenevsticn wsg net n=-xlv =0

vz 14 wfter hoerorrhare -3 after biced deztructicn, The rrehaTie
reazon for thiz iz th t «fter blced destructicn the h:semoglobin

derivaetives are avelliabie for purposes of blcod regereration,

Changes in the bone marrow, These are of two chief tynes,

In the acute cazes some evidence ¢f a direct tomic wcticn ¢f the
‘gerurr on the bene marrow is met with, ‘;But the toxic chang=zz sre
really extremely zlight,vhen cemrared with what occurs as =« result
of the =cticn ¢f scre blced oneciscnz,e.g. Saponin, The evidenc=
found of a direét dzstructive effect or ths marrow -re chiefly the

presencs of karvorrhexis and .cther degenerstive changss in some of

the myelccytes. The total riumber of cells in the marrow zlizc in
such cazes zppears to be somewhat diminished belew the normzl.
These charges -re only met with in the acute expsriments ¢f shoxrt

duraticn.

In the wore chrenic csses,where recovery war gcing on when the
animal wos killed,the changes found are all of 4 resctive or regen-
erstive nature. In =zecticns of mervow there is found to be a gremt
increzse in tha callwlar elements,#ith o correspending marked dirmine-
ution in =zize ¢f the fat spaces. This increzze of c¢ells is cesn to
be due te the rr ;nce of larze areas of erythrcblasts,in which
many mititic figure: zrs ncoticezble, Thz=ge groups of celils ~7re
made up of elerents of very varving size and development, By means
of ths Oxydase reaction,carried out after the method dezcrib=l by
Shaw Dunn,it bsc=me evident 2t once that these cells were in no w=y
connected with the nmyewiccvte ssries,since the rescticn was in =il of

them obsciutzly negetive, The pessibility arcse howsver, that scrsz



¢f them wight be lyrvhocyies,vhich they rszsxble clo=2ly vhen stair-
ad by certsin methods and szoecizlly when dry fixed films are ex-
arrined, This pos:ibility head to e considersd mors cleozelv since

Blumenthal and Fora-itz,and Price Jones @Eﬁh describ=s an incresss of

lympheocytes in the bene morrew following haemorrhage, Froy carefu

exarinaticn of the cslls,however,in wet films fixed in satur=ted

corrosive sublimate and stocined with diluted Ehrlich's Triwcid stain,

the chareccters ¢f the cell nuclei and the varying amcunt of huemo-

glebin in the protorlasr,could be much mcre easily seen, It hecome

practicz1lly certain in this way that the grours o 2211

in

27

D

T2 orwe
poged scolzly of srvthreblaste, Further suppert in the sare
directicn was affcrded by the acplicatiecn of the Altmenn-Schridds
rmethed of sfzining cranules in lyrmrhoeovtes, In nene of the cella
‘bé demonstrated ,#herzss in =

under discus:icn could sueh granuls:

93

om

lymohatic gland steined as a contrel the granulss were rerfsctly
depicted.

The pyesence in the bene marrow ¢f these masses of erythrobl.zts
in all stages c¢f develooment,can ve correlsted with the arprszrances
found in the nericheral blood, Brythrocytes are nermally derived
from the smzllest erythroblasta,vhich in the rabbit have a diametsr
of 6.@%,and give =3 a rule a purely 2osinorhil reaction in their
protoplasm, The erythroblasts of a stzge further back are Epor
more in disrmeter,and their protoplasm is distinectly banPhll It
is quite evidently from these latter cells that the basophil megalo
eytes,vhich are s¢ characstsristic of the blood picture induced by
the haemoiytic aerum,ars derived, In the garly stages of thz

anaemia the first abncrral cells recogriszable in the blcod films



gra neercblests =pd Nezorhil wegoloovias, Th=zs=s twe tycss of c=1l3
rervesent z2tuslly thsa 3tuz=2 in desvelcwent from = weg-lchlizt
The fcrmer tyce devalon: by wititic divizicn,-nd by its protoolazm

becoming gradually mere ecsinophil; the latter tyce develors =ivunly

by lozs of the nucleus <f the =srvthroblazts,

Chanees in other oroans, These zr2 nct ¢f nearly the sure im-

pcrtancz az the forezsing, It iz evident that the action of the

haemolytic serum 13 ¢f the nature of an thra—collu¢ar lwvzis of the
blocd cernuscles in the circulating blood ,and does net depsnd «n the

Py

activity of any ceilz in ths crgans, This i3 in contraszt to what

N
Q)

is found t¢ be the case with cther bleed destroying agentz,=,.s.

[

red coropuscies does occcur in the

i
O
Hy

Toluyvispdiomin, Phegeevtosis
spleen sinuags in thié anzemias,ond plgment iz alse deanszitad,
Theze changes are,hcwever,velatively slight.

In 211 the -cute case=s,and in the msjority of the meore chrenic
cnes a well marked hoemcsiderin vescticn was obtsined in the liver,
Vkidney?,and snleen, The rsacticn was most marked in the acute

\

experimants,and it iz ncteworthy that 2 very cenzidersble raactien

could bve induced in zn animal inject=d less than twenty-four hours
befcrehand, In the kidneys the reacticn was always most intenze
where haemoglcbinuria had been prazent, The rezcticn in the crgan=

]

w58 in every case diffuze,:xcept in cne exrceriment where the rabbit

was aliowed‘to live for over szeventy days; in thisz =nimal fin=
granulez were found in the cells of ths liver and kidneys. It is
interezting tc ohszrve that the heemcsiderin reacticn in ths ¥idnevs
Was found in an exXsctly sinillar zituation %ﬂ rhere it cocurs in

vernicicus arcemiz in man,the cells of ths convelu Le tubules ,ord

<
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of Herle's t.bulss,givinzg the nrussien blus test alons,

COICLUSIONS,

}

« The anaemia proeduced by the hzemolytic serur used iz charactar-

1
ised by the esrly apnearance of bazophil (polychroratochil) megalo-
cytes, These cells aftervards increaze greatly in mumber,sc thot
the snezemia sssures : very d=finitely megalocytic tyone,

2. OGCcincident with the megalceytic type c¢f blood,the Cclour

Index bsecomes markedly raised,

oy

3, Nucleated red cells appear‘in thz peripheral blcod ,but arse
NeV2YT Very Nurmerous, Both normoblasts z2nd megaloblasts occur,

4, In wsscciation with the changss in the 'b_i’ood,there i3 a marked
erythrobla%tic rs-cticn in thes bone marrow,

5, Phagocytosis ¢f red corpuscles in the spleen and other organs
is net 2 proeminent fezture of this,a= it is of cther,exneriment:l
anaemias,

6. An intense‘haemosiderin reacticn is given by liver,kidnsys,
and spleen,especially in the szcute experiments,

7 Wﬁen recovery from the ansemia is taking place,the regener-
ation ¢f the blocd is very rapid,an averszce daily increase of

500,000 red corpuscies ver c.mm, beiné not uncomnon. :

8, No myeloid transformation is found in the spleen or other

organs,as cccurs in some experimental anaemias,
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DESCRIPTION OF FIGURES,
Film of bleed from Experiment 111, ,on the third day ofter

the first injection, Shows "shadows",and imperfectly

stained corpuscles. Two bzzophil megalocytes ars als30

scen,

Tilm of blocd fwom Experiment V1il,,on the seccnd day ftex

the first injection, Showrs trree large bescrhil megslc-

o

ey

23, i
Film of bicoed frem the same expariment as the preceding,
on the fifth day of the experiment.  Shows twe nommo-

bluists,and cne corruscie with runctats basochilia,




Fig. 4.
Fig. 5.
Fig., €,
Pig, 7,
Fig., 8.
Rig, 9.

Film of blicod still froerw the zare expsrirent,cn tha eighth
dav, Chewrr o wegalebli=zt and a ilarzs Y-zcechil meg-lo=
cyte,

Film of Tlocd from Experiment V111, ,on the zeventh day

=)

<

Shows mark2d verlations in the size of the corpusclss and

Film of Dblced from the same experiment as the praceding,
3ix deys later. . Shows the rarid return to comvperative
regularity in the svuuearance ¢f the corcuscles,

Film of blcod frem Experiment Xi, ,during the ztage ¢f ree-
t

thilia,and = large prcovertion of megalocytes, Jennert!s

Stain,

Film of bone warrow from Experiment Vll.,shgwing thes markéd

erythroblaztic rescticn which occurs durirg the cvocess of

ISCOVEYLY . The l%rge ceils with greenish nuclei and faintly

hoerozlobin-tinted vrotonlasm are m2agalcblaszts, Ehriich's

( A1l figures x 1000,)
Section of kidney from Exveriment 11, ,showing grsat numbers
of haemoglobin casts in the convoluted tubules,

( x 100 )

ion, Shows marked polychromatorhilia,punctats bazc-
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B,
THE ANAEMIA PRODUCED BY THE INJECTION OF THE HAEMOLYSIN OBTAIVED
TROM STREPTOCOCCI.



BG -

[£3]

Although vaoricuzs bacteria =re known to be able to rrodacv toxinz

which are haemclytic,very fewr of these haerolytic bacterial toxine

huave been used to bring about exverimental anaemiasz in onimeal:,

Starhylccccel ztrestococel,the cholera-like vidrics,B, tetani,-nd
E. megatherium «1ii oroduce heermclyviing,znd =hile =21l ¢f them have

bzon zhewn to nogsess o Alytic effect within the animal body a= well

Eraus ard St. Ludwig (1%02),by injecting cultures of activaly

heemolytic but relatively svirulent staphylocccei cx cholers=1ike

vibricz,vere able tec bring about an ansemia of secondary tyne in
rabbitsz, They raccrd a fa11 of 2 to 3 millicn red cornuscles,and

the arvearance ¢f ncrmebls=tz ard nei¥ildcytes in the circulating
blcod, They obtaired similar results with filtrates of these cult-
ureg,but givs no datails of the expsrirments

_Streng (1902) also preducel ;naemia in rabbits by injecting
staghylolysin,vhile Schur (15035 confirmad the results cf Xraus ord
St, Ludwig'z ex:eriments,

Cegoriz=Derel (18%7) and Czeczcwiczke (1903) studied the amcunt

and distributicn ¢f the ha=mesiderin in the organs of animel: ine-

jectel with =zteihylclivzin,snd found the deposit most abundant in the

Spleen, The l1u:zt nomed autheor dezcribes lccalized focl of nsceczi

in ths livers of zcre of hiz exzerirental onimels.
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ceci ha=3 never apfarantiys

«3 in the tazt-tube,cinly stachylielyvsin 2nd vibriolysin h-ve been usz=d
t
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strarteocceel in the sticlcgy of pernicicus =znsemia i:- ccnzideved,

The prcbable r=azc¢n focr ths sbasnce cof

(41

uch axceriments up i1l now
iz thast until erv 1ztel Ik el Wik K1Y = 8 td il+trates weras
iz that untill very ldstely only very weskly haemclytic filtrates were

chtzined from strertscoccei. Many authors have indeed fzilied to ch-

[t

tain hserclytic filtratss =t all,but active filtrztes hove been cb-
tained ,hcwever,by Besredka (1901),Ruedigzer (1903),Kerner (i%03),
Tehitchikine (1%0£),Junille (1%11),McLsecd (1912),and Brsun (1612),

coTarvers ware zble to prove P 1e ccecurrsnce of haercw-

Nene of
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ha
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lvsis in the civocuicting tlcod of animals,so that thay 4id nc
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wect that an enzsrie,zuch a: cccurred in the exesriments to be
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crived here,ccouid be brought zbout,.

Neow from the woint of ¥iev of anslogy with human pothelegy zxner-

imentz with streptclysin zhould Ve resculisvly interssting, Strento=-
lysin differs from all othzr heemclytic bactarial toxins excest thezxs

obtained fror B, totzpl and B, megzatheriuvm in being wctively hesmo-

lytic for humen bleoeod,as well as for that of certain other wermealis;

algc it is a texin nreduced from an organism capabls of invading the
humen tiszsues,unlike the cther two’mentioned. Further it varies
from all others bactericlyzins vat deszcribed in that no formaticn of
anti-subst-rce fcllows its repezted injecticn into animals,and ne

lrmunity to it: haemecliytic effects is obtained, All thesge pcinte,

Hunter's thecry of pernicicus anaemia,suggested th-t

Q
®

t.

[}

in referen

3]

the studv of .n exreririntal anseria oroduced by strepteolyszin weuld

be of cenziderable intersst and value.
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Oniy zcre str-ins ¢f str2ctccceei rroduce 2 h

O
U

o

usad 1n the follewing exvsnilr :n®- was the mest sctively haewmclviic
reme z2venty vsoletles dnveztijgated by leLecd. It waz chtained
' /

originz11y fror an scute suppursticn ir the knee-jecint of 2 men,-nd

hzat retained itz cctive queliities as far as the croduction of

o
Q

hzemolysin goes for a prolonged rericd in subeculture,
Foxr the h-emelysin used in these experimsntz I am indebted to
Dr, J. W. lcLz2od,vho haos 217224y publizhed the method used in its

enataticn, Whils mwaking the heemclysin for these expzsrimen

ct
(O]
ny
(0]

wag sble to lmorove cn his published methed,and in fact he

[oe]
H

]
=

o)
a
[
@
Q

the most actively haemolytic toxinsz fer human blood,derived from

Yactaria vhich have been z¢ far described,

[¥2]

Tor clearness in fellowing how the doses injected were tested and
£ )

their haemolytic power estimated,the methced used to nrevzre the-

Method of licLecd "Beuiller of dcuble of the usuxwl ceoncentysaticn

iz rregared,l 1lb., of meat De=ing used to ma¥e 500 c.c, ¢of broth,and
to this 2 ver cent ¢f oevtone is -dded, The alkalinity of the
bouillon is titrated with phenclevhthalein,e2nd adjusted zo that
0.4 coc, ¢f normr=1l czustic =zcda solution'per 100 c.c. ¢f Dbreth is
required to briﬁg the medium to the neutr-l oveint, To thiz uou-
illen 20 te 25 ner cent of fresh herse serum,nrevicusly hested =t
57°C,,is added, A icopful of culture iz rubbed down with & tlat-
inur needle intc cbout 2 c.c; of 321t solution,and 0,01 c,c, tc

o -

CeC2 ¢y, of this dilute emulsicn-is used for incculstion, fter

&8

[y}

incubaticn feor =ighteen hours filtration is carried out through «

Kaazsen fiiter, The filtrate is tested, oafﬂre injection,cn <

groivain,-ni ths cn:




? S

refritirsted urw-ashed redbbit'z bleed in

‘l

2 ver c=rt Fwsrenaicrn of

-

Coe&D rer cent sz2lt zclution, The wore =zctive filtratsz hava -

heenclytic dcze of C,C5 te C,C1 coce for 1 cece ¢f fhie suarsnelicon,

sfter incukation at 37°C, for twe hourz,the ratic of heenclytic

effect on huran blcod ccﬁpared te that on rabbits! is &bout 2 5. "
RECORDS CF EXPERILENTS,

Ten sxperinents have bsen carried cut on rabbits, . Ths vlood of
211l these animeles 7wzt in «ll ce~es but cne tested befcrehand by
VMeLeod to estimate its suéoeptibility tc the toxiﬁ. A variztion in
susceotibility -.3 found,and the cnimals could be divided inte two
groues as a result of this test, At the outset,the more zuscernt-
ible rebbits were chosen «s it waz thought an anasmia weulid more
readiiy eccur in them,but they all died «fter one or two injecticns,
before anv degree of cnaemia cculd be brought zbout. In the leszs
susceptible animals desth did not cccur after repeated dczes,snd
they were killed at vairying intervals up to twenty-three days,

Four anirals belong to the susceptible group,dying as a result of
a tcxic effect cf the filitrate, The tablez belew give details of
twe of these experiménts.

EXPERINENT 1,

Ratrtnk C . w‘q?/t-(- leOc’m, .
Doy Red Corpuscles. Leucccytes. Haemoglcbing,

o' 7,330,000 12,000 | 60
1 6,240,000 7,000 60
2 %
32 6,150,000 9,600 50

’
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503 CuCe of Filliteste (M H,D,= 0,035) injected irtrsavencuzly.
29,5 c.c. of filtrate (Z.E.D.= C.075) : .
39,5 cocy of filtrate (. H.D.-: 0.,025) : :

l&he minimum hasmelytic dose (M.H.D,) revresents in =11 the exvere

¥
W

irents the amount of heemclytic filtrate which prcduced complete
lyvsig ¢f 1 coce ¢f & 5, per cent sustensicn of defibrinated un-
washed rabbit's blood,after two heours'incubztiony

The animal was found dead cr the worning «fter the third inj=zction,

EXPERIMENT 11,
Rabbit E., weight 1740 grms,

Day, Red Corpusclss, Leucccytes, Haemoglcbin 7,

o 8,150,000 7,100 . 66
1% 8,750,000 . 12,200 63
2 7,530,000 9,000 63

"10 c.ce of filtrate (M.,H,D.~- 0,035) injectdd intravenously.
2'8 c.c. of filtrate (. H,D,- 0,025) : :

The animel waz found dead cn the day after the second injzcticn,

The changes fcund in the blcod of these susceptible animeliz,znd
in their crgans post-wertem,can be dismissed very briefly,
Husmoglobinzeris was marked in all,and in three of the =nimals
haemoglobinuris cccurred after the injections, No merked degree cf
anaemia was rrcduced,and the cnly changes ncted in the biood were

soon after ine

n

the rresence of "shodows" and cf scanty ncmoblast
Jection of the filtrate, Postercrtem,the organs cof all the anirels

gave & definite haemosiderin resction, In three of them & defirite




1

Jesion was found in the liver,a fairly merked foczl necxesis,svident-
1y of toxic crizir,t=ing rresent. This necrctic chanzs was most

distinctly seen in Rabbit C. ( zee Fig. I ) vhere o cirrhcziz cf old
standing wes z1lsc found to te rresent,

In 211 the six animals c¢f the less suscertible grcun a definite
anaeriae was troduced,althcugh it veried in degree, Below are given

det-ils ¢f three of these experiments,

EXPERIMENT. 111,
Raboit A, weight 1570 gims,

Day, Red Corpuecles. Leucceytes, Haemoglcobin %.

0 6 4£50,000 9,000 50
1 4,880,000 110,000 - 54
2 &,230 ,000 12,000 53
5% 5,710,000 7,000 52
4 6,610,000 5,300 53
5% 5,150,000 5,500 52
6 5,150,000 8,400 48
7 4 4,770,000 14,200 . 45
8 4,990,000 8,100 47
g% 4,580,000 10,000 47
10 5,130,000 | 9,000 ' 47
11 ¢ cos | cos . e
12 6,270,000 11,500 50
13 ves . . cee oo
147 cee ces oo

15 . 5,990,000 5,500 . 52




BExpeviment 113, (ccntinued),

&

16 | ves cee coe
17 ¥ 5,1%C,000 6,200 52
18 . 5,560,000 6,000 50
10 c.c. of filtrate (M,H.D.- 0,05) injected intravencusly.
2.10 c.b. ) .l 0.08 : :
310 c.c, : : 0.08 : :
¥ 9 c.c. : : 0.1 : :
59 coc : : 0.08 : :
10 oo : 0.15 : :
T2 c,o. : ‘: 0.04 :
815 CeCo : : 0,04 : -t

EXPERIMENT 1V,
Rabbit G, weight 1390 grms,

Day. Red Corpuscles. Leucccytes., Haemcglobin Z,

o 5,250,000 7,100 . 55
1 5,300 ,000 6,500 . 55
2%
3 4,830,000 10,000 . 50
5 4,330,000 12,400 )
6% -
7 4,520,000 16,800 - 42
g ¥ oo oo cer
96 3,890,000 14,000 42

10 3,720,000 17,000 40
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Exrveriment 1V, (ccrtinusd).

117 4,030,000 16,200 42
12 5,150,000 7,000 44
13% &,000,000 10,000 a7
14 5,560,000 7,200 47
157 ces .o o
160 6,150,000 8,000 50
17 5,720,000 11,900 48
I 5 c.c, of filtr=te (M.H.D.- 0,035) injected intravencusliy.,
26,5 c.c. : : 0.035 ' |
3 8 c.ec. : : 0.0€
#10 c.z. o : 0,04
$ 3c,c. B : 0,01
6. 6 ¢,z. : : 0,02
‘710 C.C, : 0,04
&10 c.C, : : 0,04
@10 CeCoe : : o 0.02
P10 c.c. : : 0,05

EXPERIMENT V,
Rabbit M. weight 1280 grms,

Day. Red Corpuscles, Leuccoytes., - Hasmcglobin %,

o 5,510,000 6,250 68

1% 5,820,000 7,200 68.

2* 6 ,C00 ,000 11,500 60

3% 4,740,000 . 8,700 50
p

47’ 4,800,000 © 8,000 . 40



74

Fxperimert V, (scntinusd),

3,630,000 &,000 38
6" 5,210,000 6,500 36
7% 3,540,000 14,000 36
8 3,560,000 7,800 39

N

I % c.c. of filtrats (M.H.D.- 0.035) injected intravenously,

210 c.c. : : 0,03 . :
320 c.:z. : : C.0" : :
“”20 CeCoe : : 0.1 : :
Sf15 C.Coe " : : 0,05 : :
e11 CeCo : : 0.06 \ : :
710 z.-, : : 0,04 : :
%2 Celoe : : 0.08 : :

Az 13z shown in the tabliss,a definite anaemisz resulted in all thezs
exreriments, The rcet marked =nzeria was vroduced in Experimert V,
and the chargs= ‘r the nlccd ct thi- arimzl were very striking, The

red cell count f211 frem 5,610,000 to 3,210,000 in zsven days,ard ths
‘haemoglcbin percantage decreased from 68 to &6. It wili Le cbzevrvad
frem this that the Colcur Index was not ralsed abeve the nermel, Th=
blood was examined within an heur cr two aftsr the first injection,
and "shadows" were found to be fairly UM TOUS By the fcurth Gay

4, -

a number of bzzcphil macreocytes had apreared,and nucleated red cell

[

L]

were alsc wnresent, The nolychromztovhil macrocyiez,rvhich were in

injection of the hesrolyvtic

D

8lze quits squzl to these found after the

G}
<

Serum,oradually increased in number, On the seventh day,wvhen fthe

blood count was lowest ,they were very numerous,while erythroblazts
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¢f both tyr=z wvere falrly sbundant, Scanty nurch-ate Voazophilia wus
ovgerved ,but w-= much more rarked in szome of the othar =2xXoevimants,
Variation in the size of the ved celils (wnizccytozis) Yecawe o strik-
ing fezture of the filmsas the 2xreriment odvanced,and ccntinued un-
til the animel was killed on the ninth dey (see Fig.l).

In the other less susceptible animals the changes in the bloced
were simlier in character,alithough neot 3¢ marked in degree. Ir
Experiment 1V, ,for exemple,the red cell ccunt fell from 5,250,000 to
3,720,000,and the hzemoglobin was reduced from 33 to 4C nsr cent,

On the fourth day of this experiment definite phegceytosis cof rad
cells by rnelvrorcshenuclear isucoecytes was éeen in the blood films,
but this was never chbserved agaein in this or in any other exper-

iment, Punctate basophilia appeared about the fifth day,-nd zcon

L

becszme verv fragusnt,so that zbout the eighteenth day when %

o
=

3

animal was killed a very lerge number of red c21l3 ghowed the con-

diticen wvery distinctly. In the remaining experiments detailed o

f21l of from 2 to 23 millicn corcuscles cer c.,mm, was preduced ,with

D

a

f=3
=3

ot
GQ

a corresronding drepy in the hasmcglobin pereen .

The leucocytes were as a rule somswhat increased in numbar during
the meried of ansemia ,but nft markedly so0. In differenticl counts
no alteration in the relative éroportion of the different tyvss cf
white cells was made out,

The chuanges found poste-mortem in these animals will new be de-
scribed,certain features commen te all vsing referred to first,and
then the individual differences dealt with,

A haeroziderin reaction was given by the organs in every exysr-

iment,but it varied in degree. A point of imnertance is that the



liver zdlways gave fully =2z well marked a resection =3 the kidnsvs ond
spi=en, This contrasts vith the result found in zcnsz of ths cther
sexperirsntal aheemias,and is ancther resamblence to what

Vath

w

huran pathclegy in psrnicicus anasmia, Micr{%opiCQll
kidpsys were norrel in every case,excent for the dercsits ¢f hzemo-
siderin, Wo l=2zicn wa3s ever found in the heart muscle,zlthough it
was 4lwavs examined,

The bens mareew nresentsd changes of very grest interest, In

five of the six experiments a marked hyverplasia was ret with,the fat

speces being ¢

-Q

e=tly encrcachedl upon, The preciiferation involved
both the erythreblastic and leuccblastic pertions of the marrow,and
it i3 notable that in the waojority of the exveriments the r=action
affected the two types of cells in @ practically edual degree

Mitetic figures in myelocytes were frequent,and nucleated red celis

()

cf all éizes were ¢ollected in patches throughout the marrvow, In
 Experiment V., the ervthroblastic rsacticrn surpzssed the levcchlastic
considerably in intensity,and this wes the case in which the mecst
marked mcrpholcgicnl changes wers seen in the blood films, The fat
spaces were almcst cbliterated,and erythroblasts sxtremely numercus
(see Fig.3). In Experimsnt V111, the deteils of which «re nct re-
corded in the tables,s marrow picture of a different nstuce freo~ that
seen in the othsr =z2nimals was disccvered, The marrow was in a cone
dition of gelatinous degeneration,and the number of cells in it was
below the normel, This experiment was the lengest of the series,
its duraticn being twenty-three days.,

The srleen was enlarged in all the six exneriments, In Expere

iment 1V, the erl-rgsment was enommous,the crgan weighing nexrly



4 gvms,,and vaing very fimm in consisztence, In Expsriment 111, the
znleen w=3 three timss as larze ss that of 2 contecl anin-1 of
simiiayr waight, In ths other exgsriments the enlarzzi.ant .3 com=

vwniferm,except in the vexry largs spleen of Experiment 1V, ,which will
be described by it=zelf, In the pulp, grenuies of haemosiderin were
always abundant ,but were mcre ext.a-cellular than within celilsa,

The enly c¢ther ncotevcrthy changes was a widening of the trabeculaz cf

v

the pulp, and thes rrsszence of an undue number of nuclsated red corp-
uscies,

In ths splesn of Experiment 1V,,a very cuvious my=2lcid tranzforme=
stion wzs met with, Ths= Malpigian bodizs were much increeszed in
~1ze,wnd were found surrcund:d by a distinct ring of mys=locytes,many
of which showed nitotic figures (see Figa.JLranil), The centres cof
the leipigien bodies were occupied in meny instances by a mass of
similayr myeloid cells, with frequent mitotic figuress ir ths nuclei,
In serial sections it wsg found that these central islets were in
reality continucus with the zone ¢f myeloid tissus round the-periph-
ery, . It is not esasy to explain this curious myeloid change, and it
cannct bve zaid with certainty to have commenced only as o result of
the injecticns, No similar appszr-nce-has been met with befcre in
eXper iments cn vabbits, s0 far as can be discovered,

In order to make certein that the ansemia and changes in the
0rgang were brought -bout by the haemolysin alcne,four animals were

injected with portions of filtrate in which the haemolytic newer

had been destroysd by incubation at 37°C, for 12 hours, It is
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sufficient to ztat: hers th:t in nene of these animels did any osr=eri-

rezult,ncr coculd any peathele

P =

Ry
1)

I

ical changes b2 feund in the crg-nsz

pegt=mortem,

CONCLUSIONS,

1, Rabbits wary in their susceptibility to the hzemolysin cbtained
frow streptocccci.

2, ~ Susceptible aniwals die after one cr two injections,evidently
from some toxic effect, Hoemcglobinasmia and haemoglcebinuria ocour (

in these animzlis,s¢ that the toxic znd haemolytic prcpertiss ¢f the f
filtrate seem zlozely aliied, {

3. In ls3s szuzcephible animaliz a definite anaemia follcws the in-

jection. Polycrromatophil megalccytes appsar,of large size,but neot
in gvzat numbefs. The blood picture is somerhat megealccytic in tyne,
but the Coleour Index iz never greater than 1, Other worvhclogical
changes feund in the blood are marked anisocytcsis,frequent puhctate
basovhilia,zrd erythroblests of beth normetlastic «nd megelobla-tic
types,

4, The bone marroew in the lenger experiments shows marked hypsre
vplasia. " The r=2aciicn affects both leucovlastic and erythroblsstic
rertions ¢f the marrvow equally.

Oe The organs show a definite haemosiderin reacticn,especialliy welle-
marked in the liver as compared with other experimental unaemias,

6. In the srleen of one animal a curious myeloid tranaformation

Vas met with,but the relations of this to the injections are not

quite clesr,
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DESCRIPTION OF FIGURES.

Fig, 1. SQection of liver of Experiment 1,,showing fccal necrosis,

A cirrheosis is also gresent,but of long stending,and nct

c2lated tc the experiment, (x 50,)

S 3

3
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filmw in Expusriment Ve,on the ninth dsy,shoving <

regz=lchlisst ,vori-tion in =dize ¢f the r2d celilsz,-nd ziisht

Saction of %ense marrvew in Experiment V,,sheving o morked

hyrerolazia, In this onimal the ervthroblaostic zurr-.:zes
the leucoblaistic reaction in intenszity, (x 300,)
Section of spleen in Experiment V111, ,vhere the crgan
welched ne-rvly 4 gz, A ¥alpighian bedy iz shown zure

(x 30)
The zone of myelocytes seen in Fig, 4., under highs3r mog-

nifization, Several mitotic figures are seen. (x. 300)
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THE ANAEMIA PRODUCED BY THE INJ’ECTIdN oF SAPOI\TII\T;
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The ncwaerful heemclytic effect exsrtzad by Saponin on red blicod
ccrpuscles in test-tube 2xperimentz has been long rscognised,but ths
results of injecting the drug directly into the blood stream cf the
1iving animal have comparativaly seldom been investigatazd, Among

the wariocus chzervaticns on the zetion of the drug in animal exper-

jo 5
[ [)

=zscrivticns ¢f thsz changes which ensue

=

iments,the chief detail-qd
in the organs sre to be found in the wor¥ of Bunting (1906),i
America,and of Isczc =apnd Ikfexel (1910),in Germeony, Their exper-
iments were all carried out c¢n rabbits,

Bunting found that with the specimen of saprcnin used by him,the

%

vae about 1,5 to 2 ng, per kilo. of body weizht, He

U\

. lethal dc
used screwhat sraller deses than this tc bring zbout anzemia,
Iza-c and Mécksl used sapctoxin (Merck),defived frem Quillaia bark,
but they rcint out,shat is quits evident from the work of Xcvert,
that all the numerous vearieties ¢f sapctexin cr saponin. ars quite
ldenticzl in action, In th=ir axperiments the doses found by them
t0 be non=lethal,snd tc produce ansemia,varied frem 0,3 tc 1.0 mg,
per kile. of bedy weight. They pointed cut that large doses of the
drug zeemsd to kill the animals by a direct eff=ct on the nervons
system,befcre any haemclysis had tims to odcur.
Punting =con founl that the‘acticn of th=a Grug in the snimal bedy
1iffers wophaily from that "in vitre",the heerclytic effect cn the

red corruzalas being obviously very much less in the living Tedy

o

[‘,|

than in the +:

c‘t‘

gt=tube, It iz very lnb“rasting in connecticn with
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thisz chzsrvation te tivrn te the work of Ranscrme -nd of Hinlausg ,vho

heth shewed that the hzerclytic 2ffset: of s-zpnin in t-

[

'(V
S
1
S
D
o
f

ceriments couild be corgistely vrevented Uy the additicn of uwfficiers
chelesterin te the mixture, It =ecems probdblé that the wedificaticn
of the haerolytic effect in th=z animal body iz due to the rvesenze of
cholasterin in the blocd serum,zuncarenals,ond tisszues gensrally,
Certainly,as I hovs proved by experiment,the effsct ¢f adding fre=a
blood serur to washed red corsuscles before adding siopcnin te the
test=tube,inhitits the oscetien of the druz to a considerable extént.
The resultz which Punting cbizined by injecting ncn-futal doses may
be briefiy given hare,=ince a criticizm ¢f zome c¢f them will woppear

helow, In th=

rll

aricheral vlocd,he found no svidence of destructicn

o

of leucceyt=z,Tut h-emolysis of red cells wa= indiczted by reducticn

+/
¢f the red c<ll ccunt,znd by the nrazsence of many "shadow " of
ervthrecytes, A very charactaristic and censtant phencrznorn followe
ing an irjecticn was the avvecrance of many normoblests in the

. -

rerinheral tlood, This"nucle&tez red resctirn took vlzce within an
heur or twe aftzr administraticn ¢f the drug,and was repezstsd after
cach subsequent dosse, By reoeated non~iethal doses,Puntinz induced
what he describes as "a picturse exectly =imiler to that of = nrirmaxy
anagemia in man."  He nectes among other changes the occurrence of
anigocytosis, some ocikilocytesis, polychrom&tophilia, znd s constant
vresence of ruclsoted red cells, With regard to the lsucccytes,he
Obtained in Aifferential count: 2 relatively increzsed percentage of
1ym0%00\tea,a cendition which,z2 he points out,is a5 o Tule s1sC &

feature cf vernicious arsemia in man,

In trs tis:zuss of the animalsz,hs was much struck by finding



lrzicon= confired -dmest 2ntiealy te the hesmencistic systam,and
esr2clally To ths Yire rovrew and vlszen, In onirzlz 4ving within

fewrty==1ight hourz,he feund the warrow wuch denlated of notore calliz,

cenzidevraile. 2egenerv-ticon in such cells -3 ram=ined ;and = curicn

(T3

.
<
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£ the merrow,vhich he
theught nuat result from o direct toxio acticn. of the drug on the
delicate walls of the capill-ries, In animals surviving rev=zated
deses of saptpninthe bene marrow was found tc have undergone o razule s

sclexczis,the merrew tizsue orcver being repl-ced by &« fibrous tisz

o

Bunting wzg at a lozs at firzt to explain'hcw an animal could retain
2 red cell ccunt of 5,000,000 per c.m,or mere,vhan itz b ne marcow
7a% chiefly changed intc fibrousrtisaue. A sclution was affcord-=4
by the exarineaticn ¢f the =plsen,in ths veripherel zinuses of ~hich

he found the weoszt zetive blced rvegeneraticn goirg on, He found

voevtes) ,ncrpally only found in "he Bone
AY

.2 to hew thiz extraordirary

myeleld trarzfergation ray have been brought about, In zome anirals

{

iying zcutelv,hs found ir the liver a toxic necresis of the central

pertionz ¢f geme of ths lcbules,and in experiments cf lcnger stendip:
a fivrouzs chanze h-1 commenced in the necrctic arsas, It iz wehth
menticning 213,22t the voint will not be returred to,that Bunting

alsc triad tha effect of introducing zzponin zubcutansously. In =vch

eXperiment: he found that the toxin was wbscrbed too slowly to damare
the bene Earro®ine normoblasts o peeaced i the circulaticn,and =23 a

o comevhat incensidersYie haerolyszis of red coruuscies a

bone warrow victure was induced resexrbling that found after =impiz
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Tz:oc ord IHekel coernfie in their vork weny ¢f the imocrtent finl-
ings ¢f the rrevicus auther,az fegards thz chenges in ths Tlocod and
bene raroc, They cive,howsver,certzin additional facts <f much
interest, They roint out,for exarnle,that in the anaeris followino

i . '
th= injecticn of sapcnin,the Ccleour Index i3 as a rule 1l=s3 than 1,

In & 3incl= =xperiment of theirz,n

]

vertheless,the Index rcz2 10 1.7,
They -xpiify Punting's statement ~ith regard tc the keerning un of the
blocd ccunt :fi=r renested deses of the drug. They fcund in zever-1

instances that the bHleecd count could return to zbsolutely normal
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ztonred ,ard this sopparently in spites of an

of their =2xveriments o definite leuccpeni- resulted,the ccunts vary-

ing froem 5,100 to 1,200 cer c,nm, They r=fused tc attach any spesio

e

significence, " wever,tc either Juzlitative or Juantitive changes in

the leucccytzs cdunt of -the rabbit,affirming that even in nommal
anirels the daily veristicons zre extreme, The sare view has bzen

rrevicusly rut forward v Gruber;but Bunting categorically denie: i,

statine thet in successive dzily examinatiornz in rabbits he has
found only zlight 2ifferences 2ither in the tetel cr differenticl
counts c¢f the lieuvcceytas, As regards the changez in the boene marrew
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Izzzc and Li8ckel simply confixm ths

€

arvad
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r Caze
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the my=zlcid +v-n:=femsticn in the spleen ir mcst of the yand

auggest th-t the arvearances clossly reserhle these found in lsauk-

addition thev chzerved rcezsicnzliiy the oresence ¢f swrall groups of

B L B W Py

|
|
J
|
asriz in r.n, In the liver they ncted nscrotic changes,but in
|
|
|
|
|

myelecevtss and srvthreblasts in scrs of the dilsted vascular capille

aTLez,
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RiESCRDE CF oW IXPERININTS,
The =zoeciven of s:poenin usal was & prevsration mede Ly arck,

It iz 2 white nouvder which reoadily &1

s3clves in vweter c¢r in chyzio-
lcpicsl =221t zcluticn, In my experiments the drug was in every ca:=

injected intc the ear vein of rabbits,dizsclved in steriie 0.85% Salt
solution,

The individual 2xgseriments #i1l new be given in detail,

BXPERINENT 1.
Rabbit 28, weight 15Q0 grms,
The vlood count in this &animal bha2fore injection was as follows,

Red Ccrpuscles 7,510,000, Leucocytes 21,500, Haemcglobin 687,

At 3 p.m. the animzl vas given 180 wg, of saccnin intravernouzly,a vary
conzidersbie dose, Next morning,the animal was found dead,but still

i
WM, Urine razzed antadmortem geove & faint but distinet svsctrum g
of oxy~h-smoglcbin, | In urine taken from the bl&dder nc3t-rortem j

abuniaznt ha=smogliobin wzz found,

i)

Posterorter, The liver and :

{

cleen gave mscrozcopically = very

definite hasmosziderin reaction,s ocint of impcrtance,zince Punting

=

aver found this in =ny of his experiments,and remsrks on itz
absence. The kidnevs gave przctically no rsaction for iren, or
exXamiring the bens merrow micrescorically,the following ncint:

emerged, In film= stained with Ehrlich's Tri-cid stain fhe oniy

netsable ﬂh4n;e chesrved was the vwyveszence cf definite koryorrhaexis

and oykne=is cf ¢211 nuclel, In z=ctions of the marrew the ryk-
netic chunges ware even better zeen,vhile scattersd over the whele
ssction mazses of red corvuzcles were seen,vhich evidertly
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the Y"eornili-vy raemorrhazes® descrived by Bunting.

Thez2 lotter o not apvgar in many inztances <o b ctu-l hospmorp=
!

heres atpil,the capiilurizs of the marrew veing :imely dilated and
1
!

crowded hrith ayvthrocevies, The merrow did net in this exosriment

she great dzplaticn of mature cells,but ssemed to be rather un-
usually csliular, There waz a conziderable omount of gelden-yellew
nizment wreszent,contained in lavge c=21lzs cf endothelial ty-2,vith
rale at;ininy rucisl,

In neith=

Al
ot

© soleen ner liver war any marked abnoriality mede out,
The ¥idneys zhowed 4 conditicn of severe catarrhal nephritis,

there being creat destruction and desgusmation of cells lining the

tubules,and much haemoglobin and unaltered red corvuscles lving f:ee

in the tubules themzselves,

EXPERIMENT, 11,

Rabbit 29, weight 2000 grms,
Day, Red Corpuscles, Leucocytes, Haemoglobin %. Colour Index,

0 6,720,000 10,000 72 1.0
1% 7,000,000 21,000 2 1,0
2% 6,510,000 11,000 64 0.9
3% 5,310,000 10,600 54 - - 0.9

I 1.5 mg. cf ssvonin injected intravencusly.

2.3 . . :
3 6 : : :
410 . . :




.

On the dzy after the first injecticn,definite chznges wers found

irn tre circviztirg blocd, Turercus noxroblazts were prezent,zcre

[}

with very diztinst gunctete bazorhilis of their vrotervlzem,.nd a

nunrber of "shadows" were slsc seen, Cn succeeding days,ncrmobleaszt:
continuved tc e rresent,but nct in such numbers =s on the first day
ncted, o mzcrocytes ever apreared,but scre polycheoretorhil red
ceills ¢f quite normmel size were c¢hzerved, On the mcrning cof the
feurth day ¢f the sexcerirent,the aniral was found dead,

Poztemcrtem, The liver,kidneys,and spleen,sll gave a4 definite
haercsiderin rescticr.

The btone morioew -oreared very bright red in cclcur,snd a film cof
it stained with diluted Ehrlich's Triacid stain,showed great nuwrbers
¢f nonenuclieated red celis,avidently in a state of partial dis-
integraticn, Yeny of thase cells st-ined badly,but & nurber zrnecr-
ed quite norral. In both nucleated red cells and in myelccytes,
pyknotic change was very marked in the nuclei, In a gecticn of
m%rrow the whcle capillary syaterm was found tc be crowded with non-

nucleated red cells,sc that the erythroblasts and myelcceytez zeemed

Pl

=
)

tc e grestliy dimwinished in quantity, Giant cells (megalkaryocvtiez)
were extremely scanty,cnly one,cr an average,being =een in a ccmrless
transverse secticn of the femur marrew,

The spleen ir sescticns stained with Ehrlich's stain shewed a
remarksble state of affairs,siwilar to that drawn wttenticn to by

both Bunting,end Iseac =nd Mockel,in their experiments.  The

zerithersl sinuzes were feund filled with great numbers cf cells
belonging normzily to the bone marrow. Megakaryccytes were present

in abundence ,appesring in greaster numbers than iz seen &z a rule in
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zections «f roimsi rerrew, Myelocytes were found in as graat -

- <

o2 nerrel.y in the werecw,vhiie nucleated red cells were zlse very
NUIerCeus, litctic figure@,indlvrtha preliferation,couid be found
Withéut difficulty ir voth types of cells. Ths questicn ¢f hew
thi= cenditicen in the stleen is brought :=hout will be Fiscuszzed at
the end c¢f the exneriment,

The liver exhibited con:ziderable distenticrn of all the wviscul:sr

pvillaries,and these were filled uv to a great extent with = mixture

of myvelrcytes and exythrcblasts., Giant cells ¢f tre worrow wers
alsc seen,t2side crdinary erythrocytes in great number, These

ccllecticns ¢f cells were wost noticsble near the pertal aréa% of
the lcbul=s,tks carillerizz being most distended thsre,

The kidnsys zhewed zlsc a ccnsiderable number of myelceytes,rost
cf ther ccntsined within the glemsruli,and gtalning well with
Fhrlich's ztain, In the wvazculer capilleries between the convelated

%

tubules,scanty myelccytes =nd nucleczted red cells were alsc found,

EXPERIMENT, 111,
Rabbit 30, weight 1280 gmms,
Day., Red Ccrruscles. Leucccytes, Haemcglobin %, Colour Index,
o 7,620,000 4,400 | 78 1.0
1** 5,350,000 6,200 - 60 1,1
“1,5 mg, ¢f szvcnin injected intravencusly.

21,5 . o :

On the day =fter the first injecticn scanty normcblzsts ware

feund in the blood,and a great number cf "shadows", The animel




ied vitrir four heours after the secend injscticn,

)
'_u

Pezt-rcrtem, Thz srleen was found srall snd rather sheivellad,

The liver zrleen,=nd kidnsys il gave « diztinet haswcziderin zezctior

This reacticn wa> peculizr in the liver,in that its dezteibution we:

natchy,” eing cenfined tc the zene surrounding the vertuel tracts,

The marrow zhewed similsr distenticn of the capillazry system with

red ccrruzcles tc thet ncted in the rrevicus experiment, Adult celil:

toth myelceyt=s and erythrotlests,vere extremely scanty o comparsd
with the noxmal,:nd the fat sraces apreared in ccntra t mwuch enl-rged,

In the srleen =ll the cericheral sinuses were engerged with sry-
threcvites; scanty ryslocytes were seen,but nc giant cells,

Ir the liver the vascular capillaries were disterded with red
cormuscles,zrong which,hcwvever,a number of myelccytes could ve reccg-
nised, The changes in this crgan were not nearly so marked as in
the previcus exmériment.

The kidneys showed catarrhzl change,but otherwise ncthing cf

interest.

Al

.
SRERvesm—



R=moit &1, welgrt 18680 gomz,

Day., Red Corpuszscles, Leucceytes, Haemoglcbin~%. Ccleour Index,

o” §,750,000 7,000 92 1

1 7,500,000 57,200 84 1,03
2% 4,130,000 30, 300 78 1,2
3 5,150,000 30,500 m4 1.
4% 5,530,000 20,000 LE: 1.1
5 6,940,000 19,000 68 0.5
6 7,250,000 11,400 68 < 0.9
7% 6,220,000 11,500 68 1.0
g 8,060,000 13,700 | 68 0.8
¢ ¥ 7,380,000 27,200 . 66 | 0.79
10 6,350,000 10,000 - 60 0.9
11 6,200,000 11,900 - 60 0.
12%  &,17¢,000 15,100 60 - 0.98
13 7,100,000 15,100 62 0.8
4 7,520,000 11,500 o 60 0.7
15 §,750 ,000 11,000 60 0.69
l1.5 mg., <f =zverin injected intravenously,
2.3,5: . ~ 2 :

12.0 : ; , :

#2.0 : : :

52,5 :

(”2.0 : : :

This exreriment,the longest of the series,was kept up over a



pericd cf - fortnizht,.nd wasults of very zr2at intervest were Throusrt

In the “iced cr the day «fter the first injecticn,ncroblasts weve

(493
]
[41)

felrly numercus,and a few very definite chal( blasts wvere Ti, A
marked leliebeytosis,chiefly affecting the polyncr Trns ,was: present and

the cccurrence ¢f an unusual number of mezt cells with laivge Bozoe

I
@

thil grenules w28 o feature thrcughout the whele exrerimsnt, The

o

wers covnted in o filim =g=2i:t the leucc-

cytes,znd zstim-ted to nupber 4,300 p2r c.mm, con thi

s

SRR Cn the
‘;ucceeding deys nucleated red cells continued to be rresent,.lthcugh
net in zuch nwrberg,andi « neaw feoture becare prominent,namely,the
occurrence ¢f runctzte baszophilis in the red cornuscles, Thigs te-
care more and wore srowmirant sz the sxpsriment orogressed,until in
the l:st few davs a very larvge croportion of théd ‘red cells showed it
very beautifully. Facreevtes were never a festure of the films,
slthough bascrhil cells of noarsl,cr 21lightly mere than ncerrsl,size
were falrly abuniant, This lack of bazcphil wegalecytes iz in
grect contrszt to what was found in the anaemis produced by the
hoerolytic sezruvr and by ztreprtciy=zin, The animal was killed ecn the
fifteenth 4.y,

Pegtencr The liiver,zplisen, nd kidneys all g:ve a hsemcziderin

&l o
reaction,very marked in the two crgans first named,
The bene merrow in filns showed widespresd degenerative changes

in the cells,rany ¢f which retainsd tre stain very rocrly. In

ecticn the marrow: wae found te be irregulerly sclercsed (see Fig.l)
end there was cenziderable new fcermation of young connective tis:us,

Even in the nrsas of marrow nct direetly implicaeted by this connectiv:
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tizsue foxreticon,ths s3zenticl celluler slaments of ths meryow ware
extrawaly 2Cably,end the wojority of ther zcemad to be dersrneratin

Vot o sinzies gis=nt ceil wazs found =fter looking throu

fferent sectionz,

L ] =

In th= scleen very -bundart nyelocytes znd nuclewted red cells

were found in the nerivherz1l sinuzes, The nucleated rzd cellsz vwexe

definitely zggreg:tel intc clummez,wvithout an indication of rarked
vreliferation znd multiclication of thesze cells in the =rlaen =zinusss

Giant cellzs c¢f the merrow in fair nuwbers were zeen in the

zinuses
( see Fig.3). soundant vellowish nicrent,bcth intre~: and oxtrae-
= p ol )

cellular in 223t 1ibution,and giving the iren re-ction,ax fcund
sgettered trrourhcout the orzan,

The liver showed zimilar chenges t¢ thess noted previou=ly, In
the dilated carillzries myelcecyvtes,nucleated red cells,and magakaryc-
cytes were 211 =zeen,vut nct invgreat numnbers.

The lung: were ir this exreriment alone,carefully ex:ikined micro-
scorically,and myelceytes ond the nucleil <f megoksryocytes were re-

cognised without difficulty ir the caplliaries,

EXPERIMENT. V.,
Rabbit 32, weight 1250 grms,

Day, Red Cecrrpuscles, Lsucceytes, Haemoglobin % Colour Index,
o 6,510,000 12,300 %0 1.0
1* 5,550,000 11,600 59 1,07

il
Z,

4,520,000 20,300 - 50, 1.1

"2.5 wg, of szronin injscted intravencusly.

2'5.0 :

. 3
. »



In this exrzrivent 2r =tternt waz nads to irduce o more rarid
ens2nia vvousing levger dcszen of the drug,but ths erir died 3 =
rezult ¢f tvhe zsccrd inj=ction, Fcllewing the first injecticon,ne
impertant chzarges <are cbserved in ths blced, Follewing the seceon

injecticn horever,nerretlazts

<LV
o

On this d
which cazi

=
<

-

nised, rad
Post-rcrter,

P .
defirite hosrceside

rin
The Tone mervew she-sed

Exnevirert 1,; nar=ly,much

2nd diffuse ras

zes of

In the svi=zen ne nyealeid

=nittal

cf hoeroglcbin from

reaction;

were presert in considerable numbhers.

vassed a quantity of dark red urine,in
the kidney tubules coculd be racog-

ells were found in the urine,

- 1livaer and kidneys geve orly a very slight srnd in-

the zrleer o more merked reacticn,

exzetly ziviler chenges to these notad in

tranzf

pyknotic change in the nuclei of c=1lls

erythrocytes filiipns cut the capill-ries,

ormation was apparent,

The liver zhcwedl zcme dafinite foczl areas of necrosis,
The kidnevs exhibited oniy czt-rrhal changes,

RESULTS CF EXPERIN-NT

thes

=

exneri

[ad
Ve

rents bring cut very strongly the

enacmia,

rode in which zancnin acts as an «gent which cen proeduc=
Its action iz =elective and peculiar,being confined in o destructiv=

sense chiefly tco

o

fact thut s=arvonin must

"the brne wWaTrow as

follewing its

bicod of

thersl civcula¥icon,snd this
in the “lccd Ffiirm=

cells in the rerichers1
infericr *c the ro

weres ¢f hosmolysiz LCESG

=n 0TYgan, It iz, ¢f covrze,a

destroy red blcod corpuscles in the peri-

ar

-

iz nroved by the occurrence

injection,. This acticn ¢f laking

sn snimal wust,hovever,vs very mush

sed by t2st-

the drue in
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tube exgavimernts,

Cheaviczz in the Lore v row, The deztructive affect on this

¢crgan is,z7 zire.dy indicsated,cne ¢f the chiszf <ffactz cf injecticn

A
acticn o =11 tha celis,which szhew very varied conditicns of degen-

ersticn,«nd frequent oyknctic chernge in the cell nuclei. In the

0)

very acute cz=3523 ths wrorrow ceils seer =imply trc necrcse and dis-

(_f
iy

avrreay,sc that whole orean is almost empties of its

(l'

nexrr=1l ec=il

cher.

L3
:’!Q

elements, The cthe ¢ chbserved in the -cute experirents is

: u

whet Funting dsscribes sz hzemorrhage frem the vazculer cznillariass
but careful sxXemirsticn shows that this iz in many casez nct o true

haercrrhage 2t «il,the canrill-ries Being 2imply crowded «xnd diztend:z?d

with exyvthroecytes,bout the carillary ~all reraining intact.
Ir lenger continued sXrerirmeants,these early degercrcotive changes

-T2 succsaded v o diffuze fibrcus change,vhich may invade almcost ths
whele meXrow, In the naw connective tis=zue harily o walure woirow
cell can be recognised,vhile the fat spaces are «lsc nmuch erncrocached
vren ord way zimcat disacprear ( see Fig.2). Thig disavre-rence cf
the fet =z 2 result of fibrezis corresponas closely to what Flenming
described o8 ccourving in the subcutenecus fat after varicus irflan-

ratory crocessasz,

|
o
[}
m

merron changes have o very decided intersst when comgpared
with the ccrditicn of the bone marrew found in cases of Arlastic
anaeria in nman,

bicod. The two early changes noted in the blcod,

—

ct
=y

Chances in

within & very shert vericd »fter sech injecticn,are,the cccurrence

S

)

of fairly nurercus "sh-dcws",and the presence in the rerivher-1

.



cirveuvlaticn of rmany nuci-ated red corrusclies,zimest <1l ncrmeblastic
in tvre, Ths Yshedowe" indicats ths diczct lytic 2ffact <rn ithe
viccd ecwrursizz,vhile the crezence of meny nexrobiestsz rust be

taken =5 the sign of commefcing damaege tc the bons werre: It is
prcbable that 211 scecalied "bliood crises",in whatever tvo=s of ans-ns -
they zre w2t with,depend directly on some acuts vrccess of desstructicr
or darsge going ¢n at thot time in the rmerrow, In the lcnzer axe
verimerts other merrholcgical changes cre wet with, Peliehyonmato-
rrilia is censtant feature,but the cells exhibiting it ~rs cf al-
rozt nerral zize and =re net to be comvared with the large baszorhii
regalceytass z2en ir the exXreriments with the haemclytic inmrune-=zeiur,

to

cr z ewing 1n3ecticns of strertelvsin, In
shert ,the ansemia induced by sspenin is never cf a truly megalocytic
tyne,and bD2are nc real resemblence to bloocd nicture found in
rarmicicus anzemia in man, This is guite in cprecziticn te the view
held vy Eunting.‘ Poikilcevtegia was never ceen in the experiments

”

0

a5

e

and frcm the tabl given it will readily seen that the Colour

Index never nk far below,ncr roese much above,the noexmwel vaiue,

T

o

The highest Colour Index found 1.2 on the gscond d of Exrper

Wag
iment 1V, ,ond the lowest rscorded was C.77 on the fourtsenth

the gare exrerirent,

-

As regzrds the leucceytes,a leucopenia such as is de

Isaac zrd iockel,was never fcund. On the contrary,in
excvariments
the rule,

their v-lus must be discountad,

shown in the tables a definite leucccytosis

Differ=ntizl counts vielded such varying res

scrived by

nest of the

ey oA
prioad

almrost

ults that
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Chor = iy M- zri=s-p -yd liwar, The 2harnges ir thess crzens
oy P - S o ek gy e ~ e 5 ; ~ =4 LA —pne - - . P £ 3
~r= of zre-t intarest,.nd vaizs cartain very iw o« utant wusszti-ns,

Th= rvelcid chenges in the sslesn hove Yeen so well

nrevicus wververs,that noethinsg new fulls tc be z2dded, Ir nmy expar-
iments,nomcblasts,megalicolasts ,myvelcertas ,and regakarvozvies ware

frequently seen in grest numbers in the ceripherel zinuses,and

gvidences <f thair zsctive preiiferation in thiz situaticen wvere not

wanting, In th2 liver a zimilar aggregation of slements of the
bone marrow 57 thot dezcribed by Isaac and Liccksl was found in the
blood capillaries in several of my experiments,

In connzcticrn with these appecrances in the liver and =plszn,ths
qusstirn =t cnce arises whether this is a twue sxtra-m=duilary forre-
aticn of bore marrew,or whether the ¢21is have s3imnly vesn disledged

frém t

heir ncoral position in the marrow,and have anchored themselws:
in th2ze n=v zituaticns, The cuestion of "myeleid meteniazia,the

term by which the nresense cf bone macrow elsmants in extro-medull. vy

situzticns iz mere commonly known,has -ttracted widesorsad «ttenticn.
Very voried visws a: to hoew it cccurisd sre held,but from my chszr-
vaticns I am s=tisfisd th-t in regard to saponin at le«zt,the bene
marrow cells heve simoly been transferred to the liver and spisen =+
a result of the direct toxic and destructive acticn of the drug on
the marcow, A convincing preoof of this view is afforded dy the
resuit of exarinstion cf the lungs in Experimgng 1V,,in the carill-
aries of which the nuclei of many giant cells of the bens marrow
were diszccvered,thus making it cert=in that these cells hzd Teen

dislodged from their normmal positicn and had circulated in the wlood

Stream, In sxpariments with Pyr vallol =nd Phernyl=nydr=zin,

<

e
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vy Dorcriz found similar wyelcid changes in the suplsen te those cob-

heiizf thet thiz iz not = fouw

oroeBzbly devendsart rn oo zimvie

It rust not be cencluded from these remarks,hcwsver,shst ne tuue

extraemadulliary Tons rarrow focrmmation can cceur under o diffeavent ==t
of cenditicns, Fuller reference tp thiz pcint will be found in ths=
vart of this thesis dealing with the anazemia induced Wy =imsle
bleeding, It #iil ve 3een that after hasercrrhage u new blood fror-
rzticn zan be induced in the liver,thyrus,etc.,simrly == 2 result cf
the =tinuiuvs of zontinued blisedings, Further,cazes have Lteen des-
crived =zr2cizlly in veung children o¢f definite extr--wedvilory
merrowr £ zticn in the hilum of ths kidney in sevsere znaeri-z ¢f

v, Jaksch'=z ty-e, In szeverz=1l cases too,cf pernicicus cnasmi- in men

chesrvad by ryself,there was fcund considerable ccllections <f nyeleo-
eytes and srvthreblssts undergoing active prolifération rithin ths
cariilariesz ¢f the iiver, Hexz has drawn'attenticn to certain cez=z
in the huren subjzct which are of great intersst wvhen comg.red ~ith
the exreriments with sarcnin, He obezrved in certain severe serztic
conditicne going con to a fatel issue,that post-morter there was an
aplastic «nd devieted bens marrow,and that in the liver and srlesn
definite bene vwarrew fommation had occurred,which he thought was
compensatcry in nature.

It iz irtsrasting to note,as indicative of the efficacy ¢f the

s

myaleoi

§
2

tp.nsformstien in the liver -nd srlieen ag regards blecod re-
generaticn,th.t in Exceriment 1V, the red cekl count wesz mzint:ined
? :

at a figure of betwesn 6 and 7 millicns in ecite of the fool that
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, IS S I B . i " - .
the bons marre it2elf war found pOSt'T’ ctar te e 2lmest comlete-

Qthex ch-nges in the creonsz, In 211 of my sxpeviments o definite

haegrcezidsarin rezecticn was given by the liver,kidnevs,ard spleen,vh=n .

-

tested in the uvsual way. It was more marked in the scute exrsr-
imentz tharn in these of longer duretion. Atterticn must he dirzct:d
to this vrirt,since hoth Bunting ,and Isaac -nd Mdckel,ztcte that nc
zuch r=2acticn iz gziven, In the kidne=yz &f *vy2 znimals dying :cutely
very maived czbtacrhal chenges were found,showing that the drug,or

seme nzeasct ¢f 1t,sxevcize o toxic effect on these cells during

CONCLUSICIS,
1, The haerclytic action ¢f sapenin is very much less in the anin;l;
body than in test-tube experiments,
2, Following injection of the drug,evidence ¢f a dirsct haemolysis
in the periphersl bloéd is given by the presence of many "shadcws",
3, The chief action of zaponin is < destructive one on the tone
marrow as an organh, At an esarly ztuge,arked degenerative changes
occur in the marrow,resulting in the tissue being grestly depleted of
mature cells. These chunges are succeeded by a more cr less com-
plete fibrezis of the marrow,
4, The morvhologicel chznges in the blocd. can in great part be ex-
Plained cn the basis of the findings in the marrow{ The presence of
normeblazts in the circulating blced scen after each injection is te

be regerded as the cutward sign of damage to the marrow,  The bleed

s}
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ricture nsver becomes megalccytic,the Colour Indax iz
rnizsed bove the nemal,=nd the films dc¢ net ever rewliy v2zerble

thoze from e czase of humen rernicicus aneemia.

o

w2

5. Myelcid weta lasia iz found almost as a ruis in the scieen ond
fregquertlyv ir the liiver, Se fex as sapcnin ié cencerned ,this app-ar-
ance depends cn diglcdgement of cells from the marrow,vhich come tc
rest agein in these new situations,to rreliferate with vigour,tﬁere.

6. These myelcid changes in the liver and szleen wre sufficient to

comrnernzate for an wlmost complete fibvrozis ¢f the marrow,sc that an

oyl

nimei with the lotter cendition may retain a nomal blood count,
T Contrary tc the_negative findings of Bunting,the cxrgans give a
distinet haercsiderin recscticn,

8¢ . In the kidneys,the drug induces fairly marked catarrhal change

-

¢f the tukule

31}
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DESCRIPTION OF FIGURES,

Secticn of bene marrew from Experiwent 11, The crnimel

wes found dead con the fourth day, i-rked degerarativ

)

i

changes,snd derletion of adult marcow cells,sre zeen,

( x 300 )

Secticn ¢f bone marrow from Experiment 1V, Duration of

experiment fifteen days. The marrow iz
sclexcziz,and very few cells are nresent
Section of zpleen from Experiment 1V,

and fairly numercus myelocytes =re seen,

Shows the same changes as Figure 3,

in a state of
. ( x 300 )
A megaekaryocyte,

( x 300 )
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THE ANAEMIA PRODUCED BY THE INJECTION OF TOLUYLENDIAKMIN,
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Toluylendiamrin,vhich in the test-tube has absolutely no haemo-
lytic action on red blood corpuscles,was first discovered to be a
blood poiscn in the animal body by Schmiedeberg nearly thirty years
ago. Its action in the living body was first investigated thorcugh-
ly by Stadelmenn,vho found that in dogs the drug was an active blocd
destreyer,ard that severe jaundica followed in the animals to which
it was administsred, His observations on the jaundice and blocd
destruction induced were collected by him in his beok "Der‘Icterus
und seine vsrzchiederen Formen",published in 1891, Further refer-
ence te hisz work will be feund in the secticn of this thesis devoted
to "Haerolytic Icterus",

Hers ot present we are concerned more with the action of the drug
on the blood corpuscles within the bedy,and the extent «nd variety
of the anaemia which ensues, For a long time there was no clue to¢
the rezscn why toluylendiamin,vith no acticn whatever on red corpus-

cles in the test-tube,should be so definitely haemolytic in the bvody,

that an idea has been gained of what mey occur, These suthors were
temopted to investigate the subject by the extremely interssiing pub-
lication of Faust ond Tallguist (1907) in relation to the question of
Borthriocschalus ansemia. Tauzt and Tallquist were able to show
that theve could be extracted from the proglottis of the worm certain
fatty acids (6lsaure),vhich existed in the bedy of the paresits com=-

bined with cholesterin in the form of esters, They found that the:zs
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fatty =zcids could be spilit off from ths combinaticn,wers then sbs-

orbed inte the bleed ¢f the host,and thers e2xercized a haemclytic

action. Joannovics and Pick sought to find whether in rciscning Dby
toluyliendiasmin,the drug might act by onroducing indirectl 1y some hazern -

lytic substance or substences in the organsz. Their expneriments wevs

carried cut on dogs,and they arrived at the fcllowing interesting re-

B

=2ults. A definite distinction had to be made in their experirents
between the acute cases of rrisoning,fatsl in a few hours,and the
chronic cases which were zllowed to go on for weeks, In the fomer
cases they fcund in the sxtract of the animals' livers = powerfully
acting haermclysin,whcse develcrment was not 1nf1u@ncpd in any way by
rameval of the spleen,snd which was almost certainiy fomed a3 a dir-
ect result of the action of the drug injected., This haemolysin in
mere chieonic cazes was found by them in much more =paring amcunt,
being evidently,sc they ccncliuded,slresdy fixed to the bloed corous-
cles, In the chronic cases,hovever,ancther haemolytic tody was dis-
covered,vhich msde itz appearance coincident with the fafty ch&nge
which ensu=d in the liver, This latter hzemolysin was evidently
closely allied tc the fatty -cids in composition,and in contrazt te
the other hzemolysin the vemoval of the svleen had a definite effect
on its development in the liver, Such ,then,is the extent of our
knohledge of hcw tqluylendiamin acts in the animal body,

As ragacds the changes produced apart from the jaundice,the chief

i

D]
[$1}

published results cof the effects cn the blocd ccrpuscles,sc far as
knewn tc me,are thoze of Wm, Hunter in his ook on Pernicious Anze=-
mia (1%01). In his experiments he used toluylendiamin to d=termine

the function c¢f the svleen in regard to blcod destruction, He
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ion of the drug in animels cf

different sp2clez,slthough this had -isc been rsferved to by Stadel-

manm, In the cat,sver minute desas (0,15 grm,)

o

sufficient +o

cause hoemeglcebvinuriz and death in a very shert time, In the dcog

the acticn is less toxic,and still less =0 in the rabbit,vhere the

blecd destructicn is very moderate in amount, Hunter uvzed rabbit:
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tecause he wished to produce a blood destruction
only « 1ittls more marked than what occurs in health,and so to sim=
ulate mors cr less completely the slow haemolysis which must occcur
in pernicicus anasmisx, The results cbtained by Hunter ,in his exe
nariments on rabbits,xre briefly these,

When :mell deses of the drug were used ,he foundAsimply an eiagg—
eraticn of the changes which ccgur in the blood in health,with in
additicn,however,increaszed producticn of bii= pigments,and increasz=d
deposit of ircen in the liver,spleen,and bone marrow, Larcer dosés
increased the abcve vhemomena,but  there resulted as well,l, a marked
oligaemia,and 2, mcrohological changes never seen in health,such asz
the cecurrence cf strowata and QSchatten" in the bleod,and of remains
of haemoglobin in the urine, He never produced haemoglobinuria ox

biliuria, vide Hunter, p. 384,

From e series of experimsnts in which small,medium,@nd large dozez
of ths drug were emplojed,Hunter drew vefy'important ecncluszions with
Tegard to the site and extent of the bleod destruction., He ccnclud-
ed that with zmall doses the haemolysis is cenfined entirely te the
Splsen, With medium doses the haemolytic effectswhiie s5t11l mest
marked in the spleen and portal blood,are 2till absent from the

genersl civculation, With large doses the whole circulstlon 1is



Cinvelved In the hoemelgsis,but here agsin the suleen and pcrtaul blecd
hear thz brunt of the destructive process, Hunter gives nc detail:
of the morvholcgicsl changes found in the blecod in the wore chronic

CaASECSe

RECORDS OF EXPERIMENTS,

The sample of the drug employed was a product of Kahlbaum, with
the formula

CgHz : CHz : NHp : NHg 1 : 2 : 4(ie, the Heta-Toluylendiaminy)
It was in every case injected intravenously into the ear vein of
ravbits. Sclution in normal saline is only accomplished by boiling,
and whenever the szclution cools,crystals of the drug readily seqarcts
out, Thiz constituted at first a difficulty in administering the
drug;until it was focund that the addition of a few drons of zcetic
acid tc the =zzline keers the drug in perfect sclution,even when the
saline is 2llowed to beccme gquite cold before injection, In the
later experiments- his procedure was always adonted,

The exnerirents themselves will now be given in detail,

EXPERIIENT 1.
Rabbit, weight 15£0 gmms,

Day., Red Corpuscles, Leucocytes, Haemoglobin %o

o' 6,620,000 9,000 80
kg 6,810,000 8,400 72
2 5,150,000 11,900 70

0,3 grm, of toluylendiamin injected intravenouslye,in 5 c,c. WaCl,

L. 1.0 : . T 20 :
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In thiz erim=i ne changes in the blecd or urine were okael
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the day foliewirz the injecticn of the first =rall doze, Lftas

3

tha

adririztraticn of the second dcose,the animal was very i1l for some

time,but reccwered, The same evening,six hours after the injecticn,

a s

V)4

pecimen cf urine was found to centain abundant viliveriin, Films
of bleoed made at this time showed no evidence of "shadews",nor were
any zbncrral cells present, Next day the urine agzin contained

abundant vile,vhich tended to

g
@

parate cut as a layesr on the =urface,

y

e Table) was distinctly lowvered,but

¢N]
[0

The blood count on this day (
blood filr= showed no arparent sbnomality whatsoever, Cn the folicw
=ing day the animal was killed ,and the organs examined, |

The spleen was found enlsrged ,dark rurple in colour,and gave a
very merked haemosiderin reaction, The liver gave a slight rezcticn
for iren,the kidneys none at all, The bone marrow appseared very
fatty. .

The bone marrow micro=ceopicelly simply showed large fat spaces,
with no degenerative cr other changes visible in the cells, Golden-
yellow nigment was seen in comraratively large amount,contained withe
in large valely sfdining cells, This vigrent is fcund normelly in
the merrow,but here it was obviously much in =xcess,

The swpleen in section was found to have the peripheral sinuses
absolutely crewded with erythrocytes,but they all stained normelly,
and‘%howed no cbvious sizns of commencing disintegration,  No phage-

cytosis of red cells was appareht,but large splenic phagocytic cells

were seen filled with brownish oigment which gave the ircn reaction,
Masses of pigment were alsc rresent extra-cellularly,

Th

D

liver,kidneys,and heart showed no charges of interest,



/33.

EXPERIITENT 11,

Rabbit, weight 1470 grms,.

=

Day. Red Corpuscles, Lsucceytss,  Haemoglobin %,

I
0 7,780,000 5,600 74

1.
1 5,290,000 6,500 .73

/. e e
1,0 grm. of toluvlendiamin injected intravenously in 20 c¢,c, NaCl,

1.0 : | : : 20 :

Follov%ng the first injection,marked iilness ensued, Next morn-
ing the ufine contained abundant biliverdin,and thisz was 2130 present
socn after the seccend injection, The snimal was found dead on the
following morning ,before a blood cQunt could be made,

The liver and spleen gave a definite haemosiderin reaotion}most
maxrked in tha 1dt£er. The kidneys gave no reaction;

Microscorically,the changes in the crgans were quite similar to
these feund in the previcus experiment ,the most striking fact being
the grzat sggregation of normally-staining erythrocytes in the peri-

vheral sinuszezs «f the spleen,

EXPERIMENT 111,
Rabbit, weight 2030 grms.
Day., Red Corpuscles, Leucccytes, Haemoglobin B

| |
0 5,170,000 5,300 ' 48 | i
4,170,000 5,000 46 |

|

1

2 coo cos coe
3 5,030,000 . 6,000 . 48
4
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Experiment 111, (continued)

5 5,340,000 3,500 52
9 5,550,000 5,600 50
14 .". * e 0 L N ]

0.75 grm, of toluylendiamin injected intravenously.

1,0 : e :
1.0 3 : :
1,0 : : :
0.5 : : :

In this animal the hasmoglobin percentage was very low from the
outsat. The experiment was carried on for a fortnight,the animal
receiving in 211 4,25 gmms. of the drug, The blood wa= carefully

coseyved in this case,films being stained daily, On the day after.

the firzt injecticn,a few besophil red cells of noral size were ssen

but nc "shadewz", By the third day of the experiment ths baszorhil
cells had increased in number,and scme of them were slightly but
distinectly larger than the usual erythrocytes, Two days later the
red cells bsgan te exhibit distinct peikilccytesis,and this persizts
until the anim=l we: killed, Nucleated red corpuscles were never
prezent,noxr were "shadows" seen at any time during the =xpsriment,
The uwrine ccntzined bile practically throughout the experiment,iﬁ
greater amcunt con the days following injections of the Adrug, The
animal was killed on the fourteenth day,

The spleen was found distinctly enlarged ,almest black in colcur,
and gave a msrked haemosiderin reaction, Both livey and kidneys

gavs a less intense but unequivoczl iren re=cticn, Th= bone

1
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merrow wat ved,fivr,end not 2t 211 f-otty.

fot
=

The svtliean in secuoic

W0
o

oIresen

ed an intereszting nicture, Very

[

o 1 o AR ~ 3 oyt an - -~ :
merked rhzgooytesis of syythracyte: by cells of the splznic pulp

wag Tound,and & relotively enorwous amount of golden-ysllew nisrent
wa=z tc Ve seen, This pigment,#hich gave & beautiful ircn rezcticn,
was hers and there zggregated inte large maszses,but was 2lzo found
in finely granular'fcrm #ithin celilz,

The bon= warrow showed a distinet,but net very marked,erythro-

blastic reaction,and the fat spaces were somewhat encrczched uwnon,

=

Pigment was found in many loarge pals cells of endothelial type,in

abevt the sams amcunt noted in Experiment 1,

RESULTS OF EXPERINENTS,

In cénziderirg the rzsults ¢f the injection of toluvlerdiamin inte
rakbita,tre first roint that will strike the reader is that the
anaemioc which resulta is o trifiing one,and the morphclogical chang =z
in the vleced siight as compared with what haw been described in the
other series of sxreriments,

Pravicus authcrs,2specially Hunter,have laid great stress uron
the cccurrerce ¢f "sh-dows" in the pericheral blocd ¢f the anim-l
injected ,but I was never able to ccnvince myzelf of the onrssence of
these even =t & short intervel after an injection, Thus I found no
evidence in any cf the experimeﬂts of a direct lytic =ff=ct c¢f the
drug in trhes verigheral circﬁlation. This is really what might te
expected ,#hen it iz ccnsidered how absclutely insctive the drug is,
when added to red corruzcles in test-tube experiments.

The most m-.rked changes in my experiments were fcund in the spie:or,



In ths rmore «cuite caszes the verithersl sinuses of thiz crge
found ziruly vecked with erythroeyte:s,vhich hewefer,at-irad

zhoewed ne covicus zignz of 4

@

generation, In the wore chicnic caze
( Experinert 11l. ) marked vhagcevtcsiz of srythrocytes waz met with
in the snleen,and in nazsing 1t may be mentioned thot this was =
feature =lsc in the exneriments cr degz t¢ bring abecut a h-oemolvtic
Jaundice, It szeermed az if,in the more acute cazes,the ved corvus-
cies hzd been daraged in scrme way,and were then caught cut cf the
girculation and taken tc the svleen, There they must underge de-
generetion,but it is not quite clear how the dezstructive vrocess:
pPregresses, t rust remein an oren question whethar the red cells,
as Joanncviczs znd Pick have surposed yhave a smell amount ¢f the
haemolysin,foxmed in the liver,attached tc ssch of them, A voss-

ibl=

[e1}

clutien cf this question might be arrived at by remcving some

of the splenic oulp inte physiclcgical salt zclution,zand watching
tc see whether the washed red corvuscles underwent slow haemolysiz
in the i=otonic solution,

Ir the chrenic case merchelegical ch:nges were inde<d met with
in the circuleting blood,vhich depended ev1den+1y on a loss ¢f red
cerpuscles, N¢ nucleated reds ever arveared,and cn examlnation cf
the marrow nc =vidence of damage there could be detected, Buzorhil
red ecells were z2een in the films cn the later days,snd these must Le
regarded just =5 somewhat immature cells ceming cut intc the circu-
lation to meke up for these deztreysd in the spleen, More definite
roikileocytcsis was met with in the chronic exparirents,than in any

L

of the cther experiment«l anaemias., In the

(5]

arre experiment,tco,

the bone marrcw showed a slight hyperplasia,



The cccurrencs ¢f tile in the vrine,which was & fe-ture of 211 th-
sxeervirerts,is an irucrtent p%int te draw attenticn te, In cats
orinted oot Dy Stedalmenn ond Humter,the drug induces cecricus hazmc-
globinuria and death; in dcgs 2 severe ja1ndlc@.w“th bilivrie is ali:ze
breught 4bcut; but no =uther ssems hetherte te have drawn sttention
to tiiiurlia in vsbbite folleowing injection of toluylendicring It i=
interesting th«t «after careful histoleogicel exarmination nc rwerked
changes were fcurnd in ths liver suggestive ¢f jaundice, The in-
creased formation of Tile must follow o breaking down of the ervthrce-
cytes in the svleen,but no thickened c¢X inscissated bile waz zver
seen in the liver capilleries, In the bone marrcw an interesting
charnge waz ctserved narely,the cresence of a considersble amount of

yellowish vicrent within endothelial cells, Ne actusl phagocytosis

of exythrceytes was,however,seen in this situation in the secticns,

CONCLUSIONS,
1, Toluylendierin,in the living body cf ths raoblt,glve rize to¢
ccomuzratively slight anaerie,
R The cnaemia produced is not brought about by a direct lytic
action in the generzl circulation,since no "shadews" ore ever zeen
in blecod films exemined,
3B The blood destructicn which ccecurs takes place chiefly in the
spleen,the rericheral sinuses of which beccme crewded with erythroe-
cytes,mcst of which muzt be destroved thexe,
4, It pust remain an oper question how the dizintsgretion of thass
cells in the splenic sinuses is brought about. Somz h-emclytic

bOdy produced indirectly in the liver by the drug,as Jeanncvics
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and Pick have zuggested ,msy perhaps bring about extra-cellular lv=iz
in the spleen, On the other hand,in chronic cases intre-cellular
deztruction of erjthrocytes by vhageccytosis u;a found,

5e The only morphelegical changes seen in the perivheral tloed =iz
the aprsarance of a number of basophil red cells of nommal size,and
the cceuxrrerce of rcikilcevtesisz, This latter charg= is a cufricun
and interesting‘result of the experiments

6. Biliuria was a_featufe of all the experirents,a pcint which
geems tc have escaped the nctics of cthexr e£perimenters on rabbits.

The bile wag alwaye vresent az biliverdin,
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THE ANAFEMIA PRODUCED BY THE INJECTION OF COBRA-LECITHID,
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Renewed int=rest on the questicn of the relationships of iipoid.i
substances tc the production of haemeolyzis Was arcused by the work «f
Faust and Tallquist on Borthriocephalus asnaemia,vhich haz been refor-
red tc alrsaiy when the probable mede of action of Toluviendiemin in
the anirel body was being considered, Our knowledge,however,th-t

certain ¢f the iipcids are able to influsnce the chencmena of haemc-

lvsis,is of much longer date. It goes back to the time when Ranscr

(1201) discoversd that the acticn of sapcnin could be inhibited by
the prezens2 ¢f the 1ilpcid chelesterin,zand meores especially tc the

time when Kyez (1902=3) began his work on the venom éf the cobra,
Kyves frurd that ccbre vencm by it:zelf was vhysiclogically inactive,
unilesz corbired with the lizoidal substance lecithin,when thz com=-
nound was fourd to nossess intensely hsemolytic vroperties, To the
substance resulting from the corbinaticn of these two beodiss,Kyes
aprlied thes name "Cobr@-Lecithid". Subsesgquently the same outhor w-s
zble to unite in a similar wey the poison of the szcornicn with lsc-
ithin,ard latsr still lorgenrcth and Carpi caxrried out the same work
N
with the poison cf the bee,

Cobra=Lecithid has been the subject of much research in test-tubs
work on hasrclysisz,but the attemrpt has only been made cnce befors tr
Yring sbout an aneemia in animals by means cf it. ‘Morgenroth and
Reicher,vv irj=cting the substance into rabbits,were able tc show

/ . . ' a .
that o decree of anaemia resulted,but they never attempted %o follew
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vesterertem, In their exoeriments they were only concerned with th=
qusztions of whether any =nssemia 4id reault ,and further vhathsr sub-

stancesz such as cholesterin which are anti-haerolvtic in ths teszt-

tubs inhibit the zecticn ~ithin the bedy =3 well, Both «f thaze
guezticns the were =zble tc answer in the affimmative, In the=ir
vest exrerirart the blood ccunt was reduced frem 5,800,000 tc

3,350,000,-rd th2 hzsmcglobin fronm 70% te 41,5,within a pericd ¢f these
deys ,by the inj=ction of 10,5 c.c,., of @n aperoxinmately 1 per cent
sclution of the Cobro=-Legithid, In thzir other twe expszriments,the
f21l in the blood ccunt was about 1,500,000, In rabbits which =t the
gare time were fed with choleztzrin diszclved in clive cil,ne f411 in
the blood ccunt whetever fcllowed the injsetion ¢f the Cgbra-Lecithis,
In consaguence ¢f this latter work Reicher (1908) was temnted to txy
the effects of adwmivistering chelesterin,dizsolved in olive <il,to-
patients suffering from pernicicus anaemia,but thiz treatment must b=

rackoned a complete fallure,

Throush the courtesy of Prefesszor Sschs of Fronkfurt,- smell amcunt
cf Cobra=Lecithid care into my ocssession,cnly encugh unferiunatsly

riment. The observation,solitary 235 it is,sesns

{£

fer o singla exv
worth récordingibecause in it the conditicn of ‘the bleced and org-ns
was carefully gone into, Further,the results are of considerable
interest for purposes of comparison with the experiments rade -y inj-

ecting toluylendiumin,

An account of the experiment will now be given in detail.



Rabbit, weight 1540 goms,

Day. Red Corpuscles, Leucocytes, Haemoglobin %.

0 6,420,000 5,000 60
) 1 5,420,000 6,100 58
2 5,800 ,000 5,600 56
4 5,790,000 9,300 46

3 c.c, of approximately 1% solution of Cobra=Lecithid intrevenousl:

10 c.c, : : : :

Followinz t-= first twe injectionz,"shadow=" were seen in the cir-

culzting blced,but trey were nct very numercus, No haemoglobinurie

occurred after either c¢f theze injections, Following th= third .nd

mest rowerful dese,hseroglcebiruria resulted ,ord varlicus meroholcosical

changes were present in the blcood,  "Shadows" were extremely num-

erous,and nucleated red cells,all of normcbleztic type,vsre found

feirly abundantly,. Bascephil evythrocytes slso mede thelr zpresrvancs

on thisz day,but they did nct excesd the normael red cells in size,

The animel was found dsad two dayz «ftsr the third injecticn,

Post-mortenm, The liver was of light-yellowish colour and very fatty,

The spleen was scmewhat enlarged and juite black in colour,while the

kidneys &lszo apps=red darker than necrmal, The heart waz mush en-

o

gorged ,and the ferlc rdial sac contain some blocdestainad fluid,
The livesr g-v2 sn extremely rarked haemosiderin re«cticn,as msrked
in any cne c¢f tre cther exrneriments, The Xidney gave & rezction

the cortax,-nd =8 usual tre te:t was olzc ztrongly positive in the

in




s .
saple=n,

Microscopically,the bone marrcw was found to contaln sxtremely

lzrge fat spaces,but ne chengesz of a degenerative ¢r hyverol.ztic
nature cowld be mede cut in the cells, The liver and kidneys,ox-
cept‘fcr the iren devozits,zhewed ncthing of interest, In the =plee
the mest notable finding of the exraviment was discovered, The
peripher~l ~inusss wore filled with erythrocytes,but uvniike what was

found after injection of teluylendiamin,the red cells did nct ztain

norma=lly, In fact,s#het was vreszent was really only the ztromata cr

cenvelopes of the corruzcles,the hasmoglobin wpparently having bee
(s2eFq1)

slreedy remcved, No rhegocytosis waz seen,but massss of rigwant

were falrly nurerous extra-cellulariy,
RESULTS OF THE EXPERILIENT,
These reguire only orief dizcussion of certain roints, It i=
evidert that thes Cebra-Lecithid czuses blood destructicn chiefly,if

ot entirely,by a nrocess of 1ysiz in the vericheral blcod, The

§)

nrezence of zuch numercus "shadows" sfter the third injecticn iz a
& -

4}

ficient nrcof ¢f this, It zeems,from th2 copearancéz in the
e

i)

vf
pleen,as if the hasmeoglcbin was simply extracted from the corruscles

in the cireuls tlnﬂ tlicod, vlthout damaging the stroemata, Thzze latter

Hy
+

vpear to be carriad thereafter tc the Sfleen,where they are found in

great numberz in the pericheral =zinuszes, The other mcrphocicgical
changsz in the blecod resemble clesely these inducsd by other Llced
noisonz, A further nocint of intersst in the exceriment,on wrich =crs |

glight emrh=3is wey be leid,is the irten=ity ¢f the haercsiderin rc=-

acticn feund in the liver,
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DESCRIPTION OF FIGURE.
Section of spleen showing the large number of "shadows" of
erythrocytes collected in the splenic sinuses; The
section has been stained very intensely with eosin in order
to bring out the envelopes of the decolorised red corpus-

cles, ( x 100 )
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. POST-HAEMORRHAGIC ANATMIA,



Ok ,

To ccompars with the aneemia induced by the variocuz bleod destroyv-
ing agents injected intoe the circul-tion,I have carried cut exrer-
iments whereby anaemia was brought about by simple bleeding. This
is the tyrs known in the literzture as Post-haemorrhagic anasmi-,-nd
the rabbit is an animal which by reascn of itz leorge ear veins lendz
itself very readily teo such experirernts, It is really quitez extra-

crdinary whet a large guantity of bleood can be removed daily frem the

D

ear vein,over a long périod of time} In one ¢f ny exreriments it
will be seen that over 400 c.c.,at 1233t four times the animal's
total vlieod veluwre in health,was removed within a pericd of about a
month, Thiz ,however,is by no means a recoxd,sincé Bcggs and
Morris.(1912) in their exrerimsnts on lipasmia,vhich will te referred
tc again,actually cbtained 1,468 c.c. of blcod fr0mbthe ear veins cf

o single rabbit in scme 70 bleedingsl]

The study cof the anseria prcducsad by simple bleeding,in sdditior

2]

te it

L5}

: intsrest for comparisoen with the other typss of ancenis already
dezlt with,has yielded much infermation in connection with the ccn-
diticen in tke humen subject known as "Aplaztic Anaemial, This tyuve
of huwan anaemia,first drawn atterntion to by Ehrlich (1880 «nd 1888),
was recognised by him af a severe and fatel anaemis,in which regen-
erative changes in the bene marrow ¢f the long benes rerained abzert,

Senater,at a later dete,drev attention to the marked cvergrewth in

the bene marrew in these causes ¢f a lympheid tyre ¢f tissue, Thisz

finding iz of much intersst in ccnrection with whet research cn
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exparimental vost-haenmorhagic arzerias has yielded;

Pegt=hacemcerrhegic anaemias have been chiefly studied in detzail by
Blumenthal znd Merzwitz (1908), Ncrawitz and Rehn (1908), Itami (19CS)
Ritz (1909), =rd Lindzay Milne (1812),

Blumwenthal and Merawitz by experirents ¢n beth degs and rabbit

[4)]

b4
feund that aftsr iong continued bleedings the marvow of the -nimals
came tc resemble closely that found in humen aplastic anaeria,thsce
beirng annarently preduced a condition of exhaustion of the marrow,
There was disavpcserznce of the cells ¢f beth the ervthreblastic and
grenulsr series,and inztead of these there was found & consziderable
develcument of cells rasembling lymohocytes mormholcgidally. The
interest of Senutor's observation in human aplastic snaemie is now
zpnarent,

Morawitz »nd Rehn,in & subsequent rezearch,attempted to clear up
the morpholcgy of theze lymphocyvte=like cells,and finally came to tha
cercluzion that they were mest probably myeloblasts, In their
rezfcning they state thet the eryfhrobl&stic tissues and the granulzzx
cells have very cloge relationshin,and that damage tc the first grourn
will adverzely affect tve zecond group as well, They considered
thaet what cccurred in thei? animals was that follcwiﬁg exhausticn cf
the ervthrcblestic verticn of the marrcew by the ccnstant drein of the

in censzequence =lsc

hl
[

bieeding,the cells c¢f the granular series wer
affected and held back in develomment, These latter cell:,they
weuld suggest,step shert at the myelcoblastic stqge,¢ndbnever develc
granules, The Oxydase rewcticn was not digccovered «t the time of

.

their wcxk,ard the Altmann-Schridde methed of staining granules in

lymoheceyteas was acparently not apclied, In the angenic resulting
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from inj=ction of the heaemclytic imrune serum,scme difficulty was ex-

verienced in reading thz marrcer nicture brcusht sbout to define sx-

e

actly the morprhelegy of certain large cells with rcunded nuci=i verv
like lerge lyvnrhecvies, By the uss of the Oxydase wzaction snd thse
Altmann=-Schridde mathod,bcth of which were quite nsgotive,the cells

A

were zhewn to be neither lymphcevtes cr myeloblasts and it was con-
cluded for thisg and for other reascnz that thay were early 21vthroe
blasts .

The exgsriments ¢f Itami and of Ritz bring out ezrecialliy two im;
nortant charzcteristics ¢f vest-hzemerrhagic ansemia, Both cbservers
feund thet the red corpuszcles returnad tc a normal number much sconsry
then the heemczlobin vercentage,vhen the bleedings were stoonsd ,and
alsc that in anaemia induced by bloed de:trcying sgerts of whetever
vari=ty,blced regensrcztion tock place far more ropidly th-n in the
'anaehia from. »Hleeding, Itami points cut the alrost certain cause
for thig latter bhchqu\namﬂiy thet in the toxic anaemias the pro= =
ducts of the Elcod destruction are etill aveilable within the animal's

bedy for vurpcszes of regereration, This visw is strongly supocrted
by exceriments in which Itami,in «dditicn te bleeding animelsz,injected

L

atshed tlcod cocr-uscles inte thelr peritoneal cavities,snd found th-<

such animals regained a nomal red cell count sccner than arnimels in
. ¥
which no =uch injecticnes were nade,

A

Neither Blumenthal and Moraritz,nor Itami found wors then

ES

traces
of myelcid metevlasia in any of fh%ir expaerimentsd aniﬁAleq&lthnugh
the l-tter zuthor in zow= ¢f his teoxiec anaemiss found extensive
myelnid chonge in the crgans,

Lindzey Miine's exrerimerts zre of s3cvecial interest freom his
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Az

aescripticn ¢f the morvhelicgical chargss in the vleod ,and fror thes

extansive mwyslicid meteplasia he was abls tec bring about by Lleeding

altne, In the blced =t the very early stuge cf‘the exnarir ants,
srythrcblests were zcmetimes present,but never 1atervon. Anizo=
cytesis became marked,but noikilcevtczis was never seen, A peint con
which hé lays stress was the frequsnt occurrence cf runctats bezc-

-2

thilia,vhich l2d him tc gusszticon ths older views ¢f the dezensrative
this chenge, With r=gar? to ths occcurrence c¢f myslicid
metaniazia,he found this present in voth liver and :rleen c¢f certain

rabbits bled tTwo or thrze times & week

O

ver opzriods varyving froem twe

to three wmonthsz, In twvo such snimals ke foind lorge clume: of
my=loid celils in the liver capill@ries,these foci guite rezembling
nieces of bone wrarrow, In thsse cases thsre wad also coﬁeiderable
blood regeneration in the spleen,althaugh,the organ was nct enlarged,
Ifyeleoid tizszue in smzll pztches was even found in the sovrarids cf the

kidneyz 1 He mekes no marntion of having exuminzd the thymus gland
for blood regeneration,sn cmis=icn of importance az will be zeen fronm

my cwn experiments, In =211 his animals Milne found that lipsemia

m

reaulted whanever the anaermia became proncunced,a point previcusly
rcinted cut and discussed by Beggs and Morris,
My own exyeriments will now be described,

*® .

RECORDS OF EXPERIMENTS,
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EXPERIMENT 1,
Rabbit, weight 1530 grms.

Day, Red Corpuscles, Leucocytes. Haemoglobin #,
1

0 4,800,000 e 72
1 3,570,000 7,000 54
Tt . e e
5 3,450,000 4,000 56
6 3,530,000 5,000 56
73 4,160,000 5,300 61
9 2,800,000 5,000 36
10 2,610,000 5,000 40
11 3,900,000 5,100 48
12 4,020,000 4,300 - s
13 3,880,000 5,000 50
14 4,080,000 6,200 50
15 5,010,000 6,000 52
16 . 4,620,000 3,800 52
17 4,610,000 5,300 | 50
8% .o ves e
20 3,690,000 5,300 , 49
"25 c.c, 0f blood removed from the ear vein by venesection.
1”26 CeCoa
3'25 c.C,
%20 .o,

In this experiment the animwal was killed cn the twenty-fourth day,



The werohole

nuwrber of

2d intc in thiz animal,te ztudy the vprecess of blecod vegenar-ticn
after siroie bleading, Az regards ths morvhelegical changes,=ftzy

the first bleeding only 2 single arythrcblast was zeen in the filws
and nene were ever found subsequently, Yo other alterations f211 to
be recorded until zfter the third bleeding,on the szeventh day of the

exnariment, Thsre was cn this cccasion destinet ligaemia,the zerur

n

after separ-ticn from the clot being uuite miiky =nd ocralezc=nt,

Pelychromatophil cells mede their sornsarence in the circulation at

this time in ccnsiderable numbers,and in =ize meczt of them were a
little l=vger than the crdinery srythrcevies, Cells less in diameter

than thes usual erythrocytes were alszo oresent,so that there existed

-

a2 very definite anisceytosis, llany cells were alszc seen showing

o'

asutiful punctate bazcrhilia,and I was able to shserve Juite re=adily
all stages of gradaticn betwsen tha blus =pd quits polychrermetorhil
¢ells and ﬁhe cells with =¢sin=tinted preoteooplesr in which ths dax
hlue granules are seen, It was quite evident thst in this ancemia

these two chencrena,polychromatochilia and punctate bascrchiliia prex

]

just different ztagez in the 1ife history of the same type ¢f cells,
This c¢bservaticn is ancther point in favour of putting punctate basc-
philié among the regenerztive phemomena,and nct among the degensr-tivs
Avout the ninth and tenth days of the sxveriment s diztinct tendency

to poikileccyvteosiz becams avpavent,a fact nct recorded by nrevious
werkers, I orr satisgfied that this alteraticn in ghave 21d nct Se-
pend unon tschnical faulte in the making of fiims,for it could bYe male

n

cut in drons of the bliced mounted fresh, = Punctate Yazorhilia



coentinued howeyver,to e the ohisf rerghcliczical tharor-nen in the
hilcod yizht ur t¢ “he =nd of the 2xo-rvirent (zce Fig. ).

It i1l bz zeen thel,in this enincl,ths withdrawel of Tliccd .2
never succeeded by a leuccecytesis,

Az the exgerimernt wrc

O
]
L}
®
o
wn

ed,blood vlatelsts became present in
extraordinary nurbers, They were ccunted c¢n the fwentieth day of the
experimsrt,by Aynaud's methed,end found to number sbout 1,400,000 cer
C.mm, ,a5 ceroared with a4nofma1 nurber fcr the rabbit of =bout

300,000 per c.mm,

Folloewing the thirzd tiseding cn the zeventh dav,the anivel waz

ieft zlcre for a rvericd ¢f eleven days tc ¢bserve the vrogress znd
ranidity of blccd regereration, Varicus interssting rnoirts arve

OJ

rrught out by the bleed ccunis givan in the Table, Firet of a2ll it

will ve ncted thot the nurmber ¢f red corruscles did net rizes wvevy

ravidly, Frem 2,800,000 cn *the ninth day,the count rezchad

o

5,010,000 on the fiftesnth deay,on aversge daily increaze of wcu

350,000, This 1= censiderably less than the cverage daily incraaze
feund in the 2x7=rimertsz 71ith tha haeonclytic irmuns-szerumr,

It wili alzc be seen that the rercentege ¢f haemoglobin,vhich we-
32 on thz ninth dey,reze very slcwly indeed, On the fift=enth d.r,
the blcod ccurt (5,010,000) was higher than that at the commencm=nt
cf the exveriment (4,800,000) ,#hereas the percentage of haercglclin

was cnly 52 ar ccompared with 72 at the cutset, The icw celcour ind=x

and the fagt that the haemoglobin dossz not return tc normal nsarly s

o

auickly &z the red cell ccunt,have been drawn attznticn tec by «
previcus wcrkers on triz subject,

Th

D

5 <

s animal being killed vith the cbjsct of making a blicodeveliuns
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sstimoticon,the crg=ns c7uid not b2 2X-rined histclegically,

EXPERINEYT 11,
Rabbit, weight 2220 grms,
In tris ernimal 411 c;c. of blood were remcved frem the e-r vzins
withirn a cericd of 28 dayé,an averuge daily amount of 14,7 c.c.

The fellewing table gives a record of tre bieedings:-

Day. Amount, Day. Amount,
0 . 25 c.c. 15 20 c,c,
2 25 -1 15
3 10 | 18 18
4 | 15 15 24
6 | 20 21 19
8 20 22 | 20

11 22 24 | 20

12 20 . 25 15

13 | 18 26 | 22

14 15 27 20

15 18 28 10

Blood counts were made during thr course of the experiment as follcws,

Day., Red Corpuscles, Leucocytes, Haemoglcbin Z.

0 4,710,000 9,000 65
14 3,100,000 10,300 | 32.
17 3,280,000 : 6,000 40
25 3,820,000 5,000 60

28 2,770,000 4,200 55



Seeing thst the meyvholicgy ¢Ff the Ttlced vaz z¢ fully entared inte in

cennsction with thes crevicu: sxosTinent,it sc2ema vnrnecess-cy to

BN

intc details «g-in, Suffics it ¢ 22y that thse changsz found wers
quite similar to those clire«dy mentioned, Punctate bascphilia W s
sgaln in this anim=l & very prominent feature cf the films,

The animel lost about 300 gims in weight during the 28 days ¢f the
exveriment,
Post-nmortem, The crgans appe=red normel macroescepically, The
spleen was very small,weighing cniy 0,49 grms, It gove a zliight
haemcziderin reaction,but neither liver nor kidneys gzve <ny, The
bone rerroy of the feruy was extrerely 1red,

Fer micreczcenie =Xermivaticon,films o¢f boene marrew weré fixed ret in

-

o zeluticn of ceorresive sublimate in salt ond stained with diiuted

Ehriich's Trieccid *t-in,zrd drxry films were alizc stained 7ith Jernnser's

ztain, In thiz way it was shoewn that a marked erythreblasztic re-

o]
b

zetion was presant,very meny nucleated rels being found, Compzi=

ativaly few of the large cells ~hich zre difficult to vlige ir the
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g or myelcblasts or even lymrheidzl,
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ve et with in ths filws=, Secticns of bone marrcew showed the fat

b

3

nuclezted red c=l
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snaces well
was clesavly made cu
The iiver in zection showed pr.cticzlly nothing abnormal, In =

-

acticrn zteined by Triecid a few myelcceytes were found l1ying in the

ar

2t myeleid metarlazia,

.,
ch

capillariss,but there was really no :tter

ja

ry

The srlesn zheved orne curicusz changs. llzsses ¢f golden=brown
pigrent were ccllected inte heaps scattered lrregulsrly through the

gecticn, This wnisment gave a very markzd hoswoziderin r=acticn



=13 it zrarad as 1f ths srivai had bsern unegbls te ure ur Thi- co.zze
extr-=celivuler hasccsidarin ir the nreessz of manuf-ctuzirs n:

tlced cells,
The thyruzs wzs zbout the size of a large pea,snd dark veddizh in
cclcout, In zecticn much vicaricus bleed formotion was found +o bHe

goirg on,ths lyrmrheid tissue normreally rrezent being replaced con-

ridera®ly by ryslcid tissue (see Tig., ). Toth the srvythrocbhlastic
ard granuley =cries of cells were found prolifareting in trhis une-

2]

Weither in the kidnz2ys,ncr ir the lvroh glands of
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ware sny =bhncimel changes made out,

EXPERINENT 111,
Belgian Hare, weight 237C grms.

In this experiment of thirty dsys duration,the ccrpusclzs were
not counted,but a careful -ccount of the haemcglobin percent=ges was
kept, In all, 404 c.c, of blood was removed from the anim-1 in 16
vleedings. The record of the experiment is given below,

Day. Haemoglobin 7. Bled,
0 74 : 30 c.c.
64 31
52 . 28

38 1— ' LN ]

38 .
42 ' 20

1

2

3

4 45 23
5

6

7 45 .o



Exneriment 111 (continued),

8 50 18
g 52 .
10 52 25
11 55 27
12 45 v
13 | 45 19
14 52 | C e
15 55 ' ..
116 « . i 28
17 | 45 .o
19 ) 65 - 25
21 65 o2
22 60 23
24 ' 50 . 28
25 a 35 e
26 42 - 28
27 o 50 ' .
28 . 50 30
30 60 . -

A remarkable point in this experiment was the way in which ths
haemeglobin percentage kept up, in spite of the repested and severe
bleedings, To enwble ﬁhis tc ve dcne, it was evident even vefcre the
organs were examined histologically that very active blioced regensr-
ation must heve been going cn somewhsre, In the blcod films,punctate
bazovhilia was again o featurs, and polychrometophil celils were alszo

very numercus in the later stages, NWo poikilecytesis ccecurrsd.
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Poztercit =, The Lons rmerwer ¢F ths Foruy ac oz ol

showad o merked hyperel:-ia,ths fat spaces b2ing considerebiv Jimin-
izhed in size (zee Fig. ). The cells of the granulu zeries ssamadl

less in erount than rcrmel,and many cells with round nuclei which

were regardad VY me o3 certainly erythreblasts,vere nresent thecush-
cut the marrow, The megaksrycoytss zeemed tc he prezent in incre--e

ed nurbers,vhich iz of intsrest in connscticn with Homer Weicht!'s
resezrches cn the crigin of the blood platelets,
The liver waz found to crnteln zcanty myeloeytes in the canillarie:

but ne nuciezted reds were geen,

In the thyrus proiifseraticn of cells ¢f both the bone marrow tveaes
wax frund,just a3z in the nyevicus =xoeriment ‘
. 3 ~ 9 = L tre nye s RXORTLINAN N,

The svleen was Jjust a replica of that seen in Experiment 11, yand

in the lymph glands and kidneys nethirg unusual was found,

RESULTS CF EXPLRILINTS,
As my thassis deals chiefly with haemolytic anaemiaz,and these ex-
periments which have just been described above were carried cut

nrimarily for purpcses of cownarison,they will be deslt with lezs

fu1ly ther previcus sets of exrerirents, The main veints ¢f disz=-
tinction batween haemelytic and pestehaemcrrhagic anaemiasz will be

dizcus=ed ipmediately,

{

The cutztzrding zcints in the anaemia produced by haemcrrhege wais
found tc be asz follews, In the films ¢f blood all =svidence: c¢f d=s-

truction are of course wanting,and the chief changes deperd or ths
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regenerstive orccssses 10 voxe ur for the Dlood t-Yen wvay. Thus

celyenromatorhil calls Teconms nunercluz,but not until sewered Savs ot
igmst =fter the first bvlseling, They arve to be rey.riad =iyciyv 4z

sorewhat immature cell:,and arve only =1lightly larzzsr than ths norm:l
erythrocytes. The mest crominent feature in the films is undoubtedly

the cccurrence ¢f junctats vaszcphilia,vhich in thesze exverimants is

-

2130 an evidence in the cells of ycuth,snd net of commencing degen-
ercticn, After som= time zlight gc1k11fcvtc is mey develoy, The

iowered and may f211 velow cons half,

48]
i

Colcur Index always Lscon
Blocd regeneration i3 zicw,and whereas the number c¢f ccrpuscles may
raturn to the ncrmel figurs in a week c¢r ten days,the hesmczlicbin

ngreant-ge always lags far behind, In the bone marver thsis waz =n

arvthreblastic reaction of conziderablis intenslty in both my =x-s1-

iments, The marrow picture ccuwld nct e 3aid to rezemble clcse=ly
that of & plastic anaemla,as cther cbservers heve described, 7o
cvergyrowth of lymohcidel cells was avperent,the irncrease in the celiis
veing almoszt entirely due to the multiplication of evythroblasts,

In the swvleen no mysiocid met;plasia was met with,ncr any =videncs
whatever of blcod regeneraticn, Phzgocyvtosis was absent,but lerge
extramcellular masses ¢f rdgment giving the iron reesction wsars nregant
ir bcth animsls, It seers curicus that this iron rigment wez nct

used up in the crceess of tlood regeneration,and it sesms probable

Py

that zuch coarse masses of irven pigment cannot e ussd by the onimal

economy for such a PUTLCES, In the iiver I met with nc ~guh nyeicid
metavlazsia such 23 Lindsay Miine has described, The bleedings wers,
. SNt ’

mn

howavar,rers fraqusnt in vy exrariments,and ths duration of them ws

orily half of thoze in which Iilne found hi: curicus results




gland in both the arimels 2Xsrin2d,sxtemzive rorelcid

chaviges wvers found, Boeth 2rythroblasts =znd mys=zlceybaz: wers ~cezart
in geest nurbers -rd sotivaly relifereating,zc thot the noim:1 thyruz
tizzue wes considerably curtail :=d, Thesge changes in the thyrmuz in
post-haenmcrrhagic aneemla seem to have been mizsed by all srsvicus
observers

CONCLUSICNS.,
1, In post-haemorrh=zic cneemia the cherscteristic changss in the
peripharal Vlocd zre the occurrence of polychrowatophilis in many

ervthrocytes,and the presence of merksed nunctate basophilic in meny

cthers, These two changes are to be regszvded in thi= forr ¢f znwemia
simply as differsnt stages of thé\samé prccess of ripening of the red
cells,

2, As 211 previocus authers have pointed out,the Colcour Index iz
iow,blood regensration is somewhat tardy when compared with ctherx
experimental znzemias,:nd the heemogleobin always lags behind the

red cells in returning to normal amcunt,

3, The bone merrow shews an prvthrrolaatlc reactlon,and when blocd

regenaration has gone on for zome time this reacticn may be coenzidzr-
able, Yo overgrowth of 1ym§hoidal tizgsue cccurred in my exoveriments
at least,=nd the marrew picture did not cecincide even closely vith
the published descyiptions ¢f the condition in the human zubject
¥newn as aplastic ansemia,

4, No mveleid metaplasis occcurs in the liver cr.spleen,:t lsast
within a =ericd of a month from the commencement of the expariment,

Marked myveloid change,hewever,iz found in thz thymus,vhere c2llz cf



both the siythrekleastic «nd granulday zerise 202 found in -ctive sxe-

M a
lifaration,
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DESCRIPTICI CF FIGURES,

Fig. 1. Film of blood from Experiment 1. ,near the end of the
experiment ,showing punctate basophilia, K x 1000 )

Fig. 2, Section of bene marrow from Exrveriment 11, ,showing a
hyperrlastic reaction, This contrzets with the picture
in human aplastic anaemis, ( x 8C )

Fig., 3, Section of Thymus gland from Experirent 11, ,showing ex-
tensive myeloid metaplasia. The darkly stained tissue
rerresents the lymrheid tissue cf the Thymus., The lighter

stained tisste is myeloid in nature. ( x &C )
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CHANGES IN THE HEART MUSCLE AND IN THE LIVER FOLLOWING THE
INJECTION OF A HARMOLYTIC SERUM.
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Brief reference has already bzen made to the fact that,follewing
injection c¢f the haemolytic serum,chunges were found in scme cases in
the heart muscle and in the liver, These will ndw be entered into
more fully,es oecl 211y the myoccardicl lesions,since the exverimentel

production of myccarditis

'f!

iz ¢f ccnalderablp intsrezt in relation to

m

human cardiac Pathcleogy,

The werk of Dudgeon, Panton, and Ress, and of Pearce,with hzemo-
lytic serz has made it clear thet the acticn cof 211 of these is not
the same,zince thesge authcrs found marked degenerative changes in
varicus organs following thext injection,

With regard tc myccardizl chzrees these have been brought about
experimentally in rabbitz in a censiderable variety of ways,

Ribbert (1886) seems tc have been the first tc induce degenerastive
changes in the cardiac muscle ¢f rabbits, He injected cultures cf
ztaphyiccceel introvencusly,and producsd both endocardial and myc-
cardizl lesicnz, The latter conszisted of a centrel necrotic area,
surrcunded Ty a zcne of polymorvh infiltration,

Litten (1887), Naunyn (1884), and Welch (1888), by keeping zobttits

at a terpersature of 40°C, fecr several days brought about marked fatty

degereration and cther chsnges in the fibres ¢f the h=z.vt muscle,
Nurercus oh=zervers have ztudied the lesicns caused in the heart by

the dichtheria bacillus and itz toxins, Bobes (18¢6) showed in his

experiments thet the lesicns were identical,whether the org:anism it-

self or crly its toxins were injected, The degenerstive chunges
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therzelves have been corefulily vcrked out by Charrin (1850), Welch
and Flexner (1891) ,Fi=xner (1897), ond Moll-td and Regaud (1292 ond
18¢87)., The chenges found wers fotty degensereticn of fibres,.trovhy
of others,and interztitiz1 cedera,vith infiltration of leucccytes,
The last mentioned authorsz found that several months after the
apneerance -¢f thesze early changes,fibrous tissue had replac~d the
derenerated muscle fibres,

Baumgzrten (1899) in exreriments on decgs whereby branchez of the

x5l
4

=

0]

coronaxry =xrteries re ligatured t¢ nroduce &« scrt of cardisec in-

(‘Q

b

faret,found avsas ¢f degeneration in the cardizc muscle,which were
later x=2rliaced by ccnn&étive tizzue, i

A wheole ielles of interesting researches have been carried out in
rzcent years with Adrenalin,which was.fqund tc be an agent capeble

~of bringing about severe arterial changes in raobits, Lezions alzo

occur in the heart,zs th

]

ceservaticns of the following zuthers show,

K, Ziegler (1905) ,seems to have Teen the first to obzerve these
myocaxdial changss aftsr injeecticn with adrenalin, He fecund disz-
tinet fibrcus change in arimals «fter =bout ten days,and was of
orinion that the new ccnnective tissue was derived from that nore
mally found surrcunding the bHlcod vessels zand below the endocardium,

B, Fischer (1905) d=scribsd similer changes abeut the same tire,
ncting th= cccurrence of fibreus and necrotic changes in the heart
wall,and in rere instances calcification,

Pearce (1908) repeated the work of the last twe author:,ard gives
n very Getailied description of what he fcund in the heart after
repezted dozes of adranalin, The first change noted was the

rresence of grest oedera of the nmyocard ium,so thet the individual



fivres becorme widely ssvaraeted furom cocne =ncther, In lcongey exner-

iments he f-uni,in «iditicn tc the cedeme,hy=line changesz in the

]

muscle fibrass =nd zcwetimes actual necroses, Reund the necrotic

fivres lymphocytic infiitrationg cccurred. In =tiil lcnger exper-

c-l-

oy

iments definite prolifsrative changes were oresent,new cenrnective
tissuewd being leid down, This consizted in zome cases zimnly ¢f =«
focel zecumuiation of fine fibrils round about single degener-ted

fibres or =sm:-11 groure of thsse, I oths

(Lp

cagez a diffusze fibrotic
change waez found invading cconsiderable areas of muscle, He reinted
out that the new ccnnsctive tisste was always found in very :lose
r=lzticnghin to the myocardicl blcod vessels,and also that ne cellect-
icns of lymvhocytes ars seen in the mors diffuse fibrous lezicnz,
Pearce exemined the cardiac muscle in a lerge reries of znimals used
 for cthsy work,te contrel hiz excerim=nts,but nsver found =z mycc:rd-
il l=zion in any of thsm,
Grover (19C7) ha= described an sctual cardiac hyvertrorhy,vith

definite thickening c¢f the muscle,and without degenerative cheng=es,

a3 a sequel teo reﬁeated adranzlin injections,

Fleischer and Leoeb (1909) added s further chapter to the werk
with adrenalin by their published results showing that in 60 per cent
of rabbits =zo treatéd,an extensive myoccardial lesicn can be brouzght
about by =z =zingle injecticn of 0,2 cece of 1 in 10CO :dren-liin zcl-
ution,to which hzd been added 0,012 grm, ¢f Spartein Sulchate,cr

0,025 g1, of Caffein—Scdium-Benzoate. How these two latter zube

stences =mr1ify the wcticn of zdrenslin is uncertain,snd by themzelws-

o)

a3l

[0

trey huve no sctivity,but it i v rreved that th2 same zingle

)]

dese of -drsnalin witheut their presence is not nearly sc¢ rctent,
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Qicetel by Pzarce,but they ware 2%ls,in - very lorge sevies of

anirsls,tc fellew the develcoment ¢f ths chunges in

vericls of minutez un to ghout zix weeks ofter the solitaxy injscticn,
In thiz way they found,what is of cconsideratle imvcrtance in reg . rd

to my own obzervations,that prcliferztive @hangses in the heart muscls
m-y begin as early «3 two daysz after the injection,znd by the end of
four days may be gultse marked, The short period of time necessary
to allcw of the cccurrence ¢f fibrous changes in hs3zrt muscli- is
really quite extraordinscy, They wncinted out,in addition,that the
very early chonges sie firzt ncticeabls round obout the blood vessels

and near the paricerdiwr «nd endccordium, This is interesting in

connection with the thenocmena now to be described,

RECORDS OF ANTIIALS,

The cardiac'muscle Was examined in the majority cf the animeles in-
jected with the haemolytic éerum,but in only feour out of the number
was a myocardial lesion dizcovered, In 211 four instances the
changes were ¢f a prcliferative nature,and as will be seen below they
varied considerably in intensity. A brief resume c¢f the exysriments
in which myccarditis was found,vith a description of the lssicn in-

order of severity,~ill now be given,

Rabbit 8, weight 13S0 grms.
Thig was an acute experiment,the red count being reduced from
6,080,000 to 2,160,000,end the heemeglobln from 74% to 40/ ,within

fifteen hcours, Morked haemoglobinuria_en?ued,although cniy 1 c.c,
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hoepclytic =erisn had b-2n inj=cted. The animel waes ¥illied

rnineteen hours -fter the injecticn,es it avrsared tc b2 4ying

Heaxt. A very ezrly mycczrdial lesicn was found,one =mall circeula:
pateh ¢f muscle fivres presenting the follewing svp2arances, The

individual fitrez were ssparsmted frcm cne gro%her,and surrcunded by

a screvhat scanty infiltreticon of round cells re=embling iymrhocytes
The vatch was sharply marked off fromr the healthy muscle rcund o<bout,
No fivrobvlisste,cr other sign of proliferative change,was wade cut,

At one edge c¢f the lesion a small cavillary waz seen cut in lengitud-
inal section,and this was found quite filled ur with zimiiar cells tcf
thege surrcunding the fibrss, The vorticn of cardizc muscle examined
which waz taken from the wall of the l1eft ventricle,was cut in s=erial
secticns,and a few other smaller arsas of round cell infiltration,allb
in close proximity te small bicod vsssels,vere found, The apneci= |

ances of this early lesion are shown in Fig., 1.

Rabbit 3, weight 1360 grms, |
This wag ancther acute case,with copious haemoglcbinurias, The ;
plcod ccunt waz reduced from 7,200,000 to about 460,000 within fcorty
hours, The tctel amcunt of serum injected waz 1,5 coce,and the
animrel was killzd zbout fifty hourz after the first injecticn,
Hezrt, The ruscle from the lsft ventricle,cut in longtudinal =ect-

ion,showed a well marked lesion in cng small area contigucus with

€ J)
\

arez were in plzces widely

S

the pericardium, The fibra2=z in thi
serarsted by inflammetory oedema,vhile in cther parts well marked
proliferative changes were evident, There was no roeund cell infil-

traticn,but the fibrsz w=re ssvareted by o very e«rly and locszely
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Porrad conrective tizsue, The nuclezi ¢f the muscl> fibrez stained
much were fzintly h
ztrovhy ¢of muscls fi

bre: ware seen, The lezicn is rsuresenised in

Fig, 2.

Rabbit 22, weight 1260 grms,

This caze was rather more chrcnic than the previous on=s,=nd was
unaccomtanied by haemczlcebinuria,altheough 2,75 c.c. ¢f the ha=wmolytic
servm was injected in three doses, The bvlood céunt was veduced frow
4,600,000 to 1,880,000,snd the heemcglebin frem 58% to 287.  The
animal was killed rninety <nd o« h21f heurz after the first injection,
Heazxt, In the nuzcle of the left ventricle a very widesrread but
early fibrcus change was met with, The extent cf this chungs is
wery well brought cut in Fig. 3. Ir thisz lesicn certzin very in-
teresting voints could e made cutgescecially with relaticn to the
zight of crigin of the connective tissue, It was very evidzant th.t
e
this tissue was always tc be found most abundently in the nser nesigh-
beurheced of blood vessels, Further,atrcchy of the musecle fibres
surrocunded by the new feoxmed fitrcus tlssus was better seen here
than in‘any of the cther lezicns discovered, Thig latter pcint is

very clearly shown in the photograph,

Rabbit 15, weight 2150 gxms,
In this enimal the anaemla was veryv scute,ths red ccunt being re-

duced from 7,200,000 te 2,080,000,:rnd the h.emczlobin froem 85/ tc

345, vithin forty-zix heurs, The total cmount of serum injected wos=

1 c.c,.,ziven in two dosss,ond the aniral was found dead or the third

,
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day of the exreriment,crebably a 1little less th:n seventy hours after

the first injsc¢tion,

i)

Hezxy, In thiz «nirzl thez nost nerked nyocawdial ch-n

[§1]
Y
F,«b
i
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whele series was disccvered, The changes,indeed ,#ere s¢ moarked th-t

it is difficult tc iragine thzt they were brought sbout irn thsir

Nt N . . . .
?nty?ty within ths shert period ¢f the exveriments duraticn, This
reint will be referred tc agein, In the rerticn of left wv=ntricie

taker for microscoric eXemination,vary nurmercus areaz cf well formsd

=
(4]

cennective fl"? VS, 30 of quite ccnzidarable size,vere found, In

fibreocus tissues no trecs of nmusecle filhres

4]
O
h

many c¢f the vatche:

could be seen,vhile in others a few =trorhic fibres could b2 gick=d

(

cut. No necrcsiszs,or other active degenerative chongs,w.z detact:43
in thcze parts ¢f cardiac wuscle mot invelvead in tr= fibrezis, In

this lesicn zlsc,a definite relaticnship of the aress ¢f connective
tissve to the blced vessels was very'evident,and this 1z well sszen
in Fig. 4,

These were «ll th2 definitely proliferative changesz met with,but .
in ssveral of thz other exrnerimental animels separsticn of the
cerdizc muscle fibres was observed,sugg=stive ¢f a ccndition of

cedema, These cases,however,require nc description,

DISCUESSICIT CF RESULTS,

The above observations really call for 1ittle discussicn, They
are chiefly vecorded as being evidence of an interesting «nd hither-
to unkncwn methed of bringing abecut excerirental myccarditis in
animalsz, In the first thrse rabbits to which rafarence waz mode,

the lesicns prédueed wzre very similar indedd to thoze describ:d
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by Pesive=,and Tty Flelscher and Logh,in their rublished works, A
striving zimil-wvity tc the 2xgeriment with «dvsn-lin 1:3,that ths

fivrous chengs wvhich follicws

affects mezt the verts first suprlied by the plasma, In the feurth

we2l fcormed,that it iz prectically inconoeiVlee that no wyocardial
lezicn was pr=23ent before the experiment began, It nust e pointed
out ,however,thzt just as was dene by Pearcz I have examinad the
cardiiac wuscle in a ceonziderable number of laboratory rabbits,used fo.

cther exnsrimental work,and have nevsr found myocarditis in anv of

ther,

Changes in the livex, A lezion was found in the liver in only one

s A —

animal injected with the ha=mciytic serum,slthcugh this orzen wasz
carsfully exarmined mwicre=covnicelly in every case, This comobres ver

strang=ly with som2 work of Pazrce on "Experimentel cirrhozis ¢f the
liver" whore he actually uzed a heaerclytic serum obtained by inj=ct-

/

ing b1ts w1th dogi//ccr’”s cles,tc bring <beout degenerative iivaer
changes, 7ith the serwr he producad almost a3 & rule lesicns of the

felloewing naturs, He found withir ferty-szight hours oftzr an inj=sct-
ion marked necrotic afeas in the liver,shich hzd a very definite re-

lation to vascular thrombi comnozed of masses of sami-fuszsed red blocod
cerpuscles, In anirals which survived theze initial necxotic chong=:s
the degansratad aveaz ware reviaced by connectiye tizzue,3c th=t in «

few weelks (he examined animals up to thirty=:zix days 2fter the firc:t
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injection) a very definite cirrhosis of the liver had resulted,
My cnly observation on degenserative changes in the liver is given De-

low,

Rabbit 8,
This was the animal in which a verv early myocardial lszion h=s
been described. In the liver a2 verv marked ccnditicn of necrozis

was prezent,affecting

B

chiefly the central parts of the lcbulies,in
close relaticnship tc the centrai veins, Although the lezion zeemsd
always to commence in the centre,in many vlzces the whole of the
lcbulss zight out to thelr perirhery was necrotic, In the necxrotic

-

areas ,marked celliular infiltraticn was present,and the cells were on
exarineticn found tec e chiefly polymcrpho-nuclear leucceytes and
lymohocevtss, The lssion belng an sariy cone,no «ttamot 2t conn-

nct
ective formaticn was seen,

CONCLUSIONS,
1, In anirels injectsd with the hsemolytic irmune-serum,definite
myocardial changes cccurred in four cut of about twenty animzls,
These changes consisted: ,briefly,in the develoomment of a fibrous
myvocarditis, It is evident from the expsriments of others th-t
haemolytic asersu dlff r in the smount of damage they produce in crgansz
cther than thcse belonging toc the haemepolietic system,
2e In cne animal a marked necrcsis of liver tissue followed the
injecticn, By means of a haemolytic serum prepared in o different
way ,Pezrce has besen able to produce almCut imvarizbly necreotic

changes in the livers cf raboits,
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He=rt muscie of Rabbit 3, showing an early prolif=zr.tive
change, ~(x80C)
Hesrt muscle from Rabbit 22, shewing a diffuse fibrous
change in the n=ighbcurhood of blood vessels, Atwophy of
muscle fibres iz well seen, ( x 80 )
Heart muscle of Rabbit 15, showing patches of advanced
fibrezis, , ( x 80 )
Section of liver of Rabbit 8, showing well marked necrosis

of a lobule, ' : ( x 80 )
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GENERAL SUMMARY AND COMPARISON OF RESULTS.
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In conuludlnﬁ this thesis,I hawe cons;@ered that any sunmary of
the results,of nmy work would be incomolete without comp@ring,in a
general way,the changﬂa brought zbout in expﬁrlméntwl ancemia from
blood destruction within the body ( heemolytic anzsmis ) ,7ith thoss
produced by simple removal cf blood ( posf—haemorrhagic enzemiaz ),

In this way 2n ides is given ¢f how the two tyves of experimsntal i
anaemia contrast,just as a compsri=cn is made betws what are called;
in man primary and secondary ansemia, '

It muat be sztated at once that such a comnzrison cannct Be made
with all the expesrimental haemclytic ancemias investigated, For ;
examplq,fhose produced by sapcnin and toluylendizmin have no real
sirmilarity as regarls the blcod picture brought about to primery
anaemia in maen, The anaemias induced by the injection of the haemo-;
1ytic‘serum;and in a lesser degree that brought zbout by streptelys 1n¢
have on the other hand exceesdingly striking similarities,both as re-
gards the blood picturz and the chmnges in the organs,vith primery
or pernicious enszemia in the human subject,

When the hzemolytic aneemia prcduced by the two zbove mentioned
agents is contrasted with that produced in animals by simple bléedingi
it is seen that one by one the weints of distinction compare just as
in the text-bock dobcrlotlon: of the differentiation of human
anaemias,

In the haemolytic anasemia there developé,just a3 in human primary

anaemia,a me galn ytic type of bleod ~1th a high colour index,
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Nucleated red cells of both types eppear in the circulation ,m:uvked
apizcevtesiz is present,large pelychromaterhil megaliocytes ocour in

numbers,and cther changss such as punctate basorhilia etec,,ars «lso

found, In the or

[418]

and postemortem,the devcsits of hasmosiderin are
quite similar in sxtent and distribution to these of the hurman dissas-

In pogi-hasmcrrhagic snzemiz in rabbits,the changes found are

quite similaxr tc these in severs secondary anaeria in man, In the

films anizocytesis and to some extent peikilocytosis cccur,nuclests=d
red cells zre seen but seidom,and the blood platelets become sxbtrame-
1y numercus, The colcur index iz uniformly low, A =zlight point of |
difference parhans in th: animal experimsnts iz the extent to which
sunctate bazophilia is met with
The close correspéndance of ths results fecund in the twe tyves of
anceria in cnimsls with those of the two varistisz: in men,ssem to me
to further strongly the view that Primary or Pernicious Anaemia in
man is a true haemclytic ancemia,devendant on scme procass of blcod
destruction in the body,21l the other changes being secondary to this
haemelysis, What the nature of the haemolytic substance in
Pernicicus Ancemiz is,only further work can show, To my mind, the
recent researchss cof Faust zsnd Tallquist on the cause of Berthric-
cephalus Anaemia are very suggestive for future investigation of the

subject.,
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