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The work p r e s e n t e d  i n  t h i s  t h e s i s  c o n s i s t s  o f  a  s e r i e s  o f  r e s e a r ­

c h e s  c a r r i e d  on o v e r  a p e r io d  o f  s e v e r a l  years ,"begun w i t h  t h e  o b j e c t

o f  throwing l i g h t  on and e x p l a i n i n g  some o f  t h e  phenomena met w i t h  i n

o a s e s  o f  anaemia i n  t h e  human s u b j e c t , a n d  more e s p e c i a l l y  w i t h  r e f e r ­

ence  to  one t y p e  o f  a n a e m ia , P e r n i c i o u s  Anaemia,

I t  would s e r v e  no u s e f u l  purpose  h e r e  to  go i n t o  t h e  h i s t o r y  o f

t h i s  d i s e a s e , a n d  t h e  c o n t e s t s  which  have  b e e n  waged w i t h  regard to

i t s  e t i o l o g y , s i n c e  t h e  main t h e o r i e s  which have  b een  h e l d  a r e  r e f e r r e d  

to  i n  e v er y  t e x t - b o o k .  I t  must be  p o i n t e d  out  ,ho’Tever , t h a t  much o f  

th e  c o n t r o v e r s y  h as  been  w i t h  regard  to  t h e  i n t e r p r e t a t i o n  o f  th e  

changes  found i n  t h e  bone marrow and o t h e r  organs  post -m ortem .  So 

f a r  a s  th e  bone marrow i s  c o n c e r n e d , t h e  q u e s t i o n  i s  w h eth er  t h e  

a p p ea ra n ces  a r e  to  be  r e f e r r e d  t o  a  primary d e f e c t  or  l e s i o n  o f  t h a t  

o r g a n ,o r  w h eth er  t h e y  a r e  s im p ly  s e c o n d a r y ,dependent  on a p r o c e s s  o f  

b lo o d  d e s t r u c t i o n  g o in g  on i n  some p a r t  o f  th e  b o d y ,w h e th e r  i t  b e  i n  

t h e  l i v e r  and s p l e e n , o r  i n  t h e  i n t e s t i n a l  t r a c t , o r  i n  t h e  g e n e r a l  

c i r c u l a t i o n .

Prom t h e  work o f  many o b s e r v e r s , a n d , i t  i s  h o p ed ,fro m  my o w n ,e v id ­

ence  h a s  accum ulated  which shows t h a t  w i t h i n  a week or  t e n  days  a  

b lo o d  p i c t u r e  and changes  i n  t h e  marrow and o t h e r  o r g a n s , s i m i l a r  i n  

a lm o s t  ev e ry  r e s p e c t  to  t h o s e  o f  human P e r n i c i o u s  Anaemia,can b e  r e ­

produced e x p e r i m e n t a l l y  i n  a n im a l s .  Thus th e  i d e a  t h a t  P e r n i c i o u s  

Anaemia i s  a primary d i s e a s e  o f  th e  marrow h a s  s t e a d i l y  l o s t  ground ,  

b e i n g  s u p e r ^ d e d  by th e  view t h a t  t h e  e s s e n t i a l  c o n d i t i o n  i s  a



p r o c e s s  o f  b l o o d  d e s t r u c t i o n  or  h a e m o ly s i s  g o in g  on i n  th e  b o d y , th e  

o t h e r  changes  b e i n g  a l l  s e c o n d a r y .  The p r o b a b i l i t y  t h a t  d e a th  o c c u ;

i n  P e r n i c i o u s  Anaemic^ a s  a r e s u l t  o f  t h e  bone m a r r o w  g i v i n g  out f u n c ­

t i o n a l l y ,  b e c a u s e  i t  i s  u n a b le  to  keep up t h e  c o n t in u e d  o v e r - r e g e n e r ­

a t i o n  o f  red c o r p u s c l e s  to  r e p l a c e  l o s t  o n e s , d o e s  n o t  o f  c o u r s e  i n f e :  

a primary marrow f a u l t  ,but  a seconda.ry marrow f a i l u r e .

With th e  h a e m o ly t i c  v iew  o f  P e r n i c i o u s  anaemia, i n  mind , I  he-.ve in v es t»  

i g a t e d  t h e  anaemia produced i n  an im als  by"a v a r i e t y  o f  b l o o d  d e s t r o y ­

in g  a g e n t s  , o b t a i n i n g  i n  t h i s  way a v e ry  c o m p le te  v iew  o f  whc t̂ m.-.y be  

termed "Haemolytic Anaem ias ,"  I t  must be  r e c o g n i s e d  a t  o n c e ,  a 

p o in t  brought  cu t  s t r o n g l y  by my e x p e r i m e n t s , t h a t  t h e  v a r i o u s  sub­

s t a n c e s  now known to  ca u s e  b l o o d  d e s t r u c t i o n  in  t h e  a n im al  body  

a lm o st  a l l  a c t  d i f f e r e n t l y  from one a n o t h e r .  Thus t h e  a d van tage  o f  

s tu d y in g  t h e  a c t i o n  o f  a nmiber o f  t h e s e  b l o o d  p o i s o n s , i n  o rd er  to  

c o r r e l a t e  t h e  r e s u l t s , m u s t  be  s e l f - e v i d e n t .  These s u b s t a n c e s , as  

r eg a rd s  t h e i r  mode o f  a c t i o n ,m a y  be b r o a d l y  d i v i d e d  i n t o  t h r e e  grouy.: 

P i r s t  o f  a l l , t h e r e  a re  t h o s e  whose a c t i o n  c o n s i s t s  a lm o s t  e n t i r e l y  

i n  h a e m o ly s in g  t h e  b l o o d  i n  t h e  p e r i p h e r a l  c i r c u l a t i o n .  S e c o n d , 

t h e r e  a r e  t h o s e  whose a c t i o n  i s  e s s e n t i a l l y  a d e s t r u c t i v e  one on th e  

bone marrow a s  an organ ,  b a s t l y , t h e r e  i s  a group i n  which t h e  mode 

o f  a c t i o n  i s  so f a r  n o t  q u i t s  c l e a r , s u c h  as  f o r  examiple. To l u y  l e n d i a ­

min,  Examples o f  a l l  t h e s e  t y p e s  o f  b lo o d  d e s t r o y i n g  a g e n t s  hc-.ve 

been  u sed  i n  my e x p e r i m e n t s , The c h a r a c t e r i s t i c s  o f  t h e  a.naemàa, 

in d u c e d ,a n d  th e  i n t e r p r e t a t i o n s  to  be  put on th e  v a r i o u s  phenomena 

o b s e r v e d , a r e  gone i n t o  f u l l y  i n  t h e  d i f f e r e n t  p a r t s  o f  t h i s  work, so 

t h a t  no f u r t h e r  r e f e r e n c e  to  them need b e  made h e r e .  I t  s u f f i c e s  t- 

say  t h a t  e x p er im en ts  have  been  c a r r i e d  out  w i t h  th e  fo l low in g:  b lo o d



d e s t r o y i n g  a g e n t s :  1 . a h a e m o ly t io  i imiune-serum, 2 . t h e  h^r^emclysin i e -  

r iv e d  frcrn s t r e p t o c o c c i ,  5,  s a p o n i n ,  4* t  o 1 uy 1 and i  am i  n , 5 .  c ob ra-  

l e c i t h i d .

In th e  a n im a ls  i n j e c t e d  w i t h  t h e  haem'.olytic seruin , i n t e r e s t i n g  

changes  o f  a d e g e n e r a t i v e  n a tu r e  were i n  some i n s t a n c e s  found in  th e  

h e a r t  m u sc le  ctnd i n  t h e  l i v e r .  These h^.ve been  i n c lu d e d  i n  a s e p a r ­

a t e  sm a l l  chap.ter in  t h i s  t h e s i s .

To g i v e  as  com p le te  cl v iew  as  p o s s i b l e  o f  th e  phenomena o f  a^naemic, 

i n  g e n e r a l , a d i f f e r e n t  ty p e  o f  anaemia was induced  i n  r a b b i t s  by b l e e d  

^ing , ln  o r d e r  t h a t  a comparison  mdght be  made betw een  t h e  anaemia f o l l -  

i+^lng  b lo o d  d e s t r u c t i o n , and t h a t  a f t e r  haemorrhage,

Erom t h e  s tu d y  o f  h a e m o ly t i c  a n a e m i a s , i t  was but  a s t e p  f u r t h e r  to  

go on and i n v e s t i g a t e  th e  d i f f i c u l t  b u t  c l o s e l y  a l l i e d  s u b j e c t  o f  

"Haemolytic I c t e r u s  ", On t h i s  s u b j e c t  I have  c a r r i e d  out  an e x t e n ­

s i v e  r e s e a r c h , arid t h e  c o n c l u s i o n s  o.rrived a t  a r e  to  my mind o f  such  

i n t e r e s t  a s  to  warrant  me p l a c i n g  t h i s  part  o f  my work in  t h e  f o r e ­

f r o n t  o f  t h i s  t h e s i s ,

I  w i s h  to  make m ention  t h a t  th e  r e s e a r c h  on th e  anaemia produced  

by th e  h a e m o ly t i c  serum was c a r r i e d  out i n  c o l l a b o r a t i o n  w i t h  

P r o f e s s o r  M u ir ,b u t  a l l ' th e  d e t a i l s  o f  t h e  ex p e r im en ts  (b lood c o u n t s , 

h i s t o l o g y , e t c ,  ,)  were my own p e r s o n a l  work. Then i n  t h e  s e c t i o n  

d e a l i n g  w i t h  t h e  anaemia produced by t h e  h a e m o ly s in  o b ta in e d  from 

s t r e p t o c o c c i , t h e  h a em o ly s in  used was a l l  prepared  f o r  my ex p er im en ts  

by Dr, J.W.Moleod.

In c o n c l u s i o n , I  w ish  to  ta k e  t h e  o p p o r t u n i t y  o f  thank ing  

P r o f e s s o r  Robert  Muir,  P r o f e s s o r  o f  P a t h o lo g y  i n  t h i s  U n i v e r s i t y , and 

P r o f e s s o r  L, A s c h o f f ,  P r o f e s s o r  o f  P a th o lo g y  i n  th é  U n i v e r s i t v  o f
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E r e ib u r g r i -B . ,  Germany , f  or  a l l  t h e i r  a s s i s t a n c e  and h e l p  c f  ev ery  

kind to  me i n  th e  r e s e a r c h e s  i n c l u d e d  i n  my t h e s i s .



e x f e r i m e h t s  oh  h a e m o l y t ic  i c t e r u s ,
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The term "Haemolytic  I c t e r u s "  has  b een  i n  u s e  s i n c e  t h e  t im e o f  

V ir ch o w ( 1 8 5 4 ) ,who from h i s  o b s e r v a t i o n s ,b e l i e v e d  t h a t  b i l e  c o u ld  be  

formed from t h e  b lo o d  i t s e l f , a n d  sc in t r o d u c e d  t h e  term. His  o b s e r ­

v a t i o n s  w -re  made on o ld  b lo o d  e x t r a v a s a t i o n s , e t c . , i n  which he  

dem onstrated  a change from haem atin  i n t o  a g o l d e n - y e l l o w  pigment  

( h a e m a t o i d i n ) ,which m i c r o s c o p i c a l l y  and c h e m i c a l l y  gave  t h e  same 

r e a c t i o n s  aS b i l i r u b i n .  L a ter  on by t h e  work o f  J a f f e , H o p p e - S e y l e r  

B a lk o w s k i , e t c , , th e  i d e n t i t y  c f  h a e m a to id in  and b i l i r u b i n  was e s ­

t a b l i s h e d .

The tsriTi "A n -b ep atogen cu s" i c t e r u s  was proposed  s u b s e q u e n t l y  by  

Q.uincke (1884)  f o r  th e  same c o n d i t i o n , t o  i n d i c a t e  th a t  th e  j a u n d ic e  

a r o s e  a p a r t  froiri an a c t i o n  o f  t h e  l i v e r .

The most  im p c r ta n t  e x p e r im e n ta l  work on th e  q u e s t i o n  up t i l l  now 

i s  u n q u e s t i o n a b ly  t h a t  o f  Mihkowski and Haunyn,which appeared i n  

1 8 8 6 , and which  s i n c e  then has a lw ays  been q u o te d ,a n d  t h e  c o n c l u s i o n s  

s t a t e d  t h e r e  a c c e p t e d , i n  a l l  t e x t - b o o k s  d e a l i n g  w i t h  th e  s u b j e c t .

I t  seems c u r i o u s , h o w e v e r , t h a t  so f a r  as  can be  found from a w id e  

s e a r c h  through th e  l i t e r a t u r e , t h e i r  ex p er im en ts  seerr “n e v e r  to  have  

been r e p e a t e d ,a n d  t h e i r  r e s u l t s  remain u n c o n t r o l l e d .  This  i s  e s o e c -  

i a l l y  remarkable when th e  f e w n e ss  o f  t h e i r  e x p er im en ts  i s  c o n s i d e r e d .  

As t h e i r  work w i l l  be gone i n t o  f u l l y  l a t e r  o n , i t  i s  enough to  s t a t e  

h e re  t h a t  th e y  found t h a t  by p o i s o n in g  b i r d s  , e s p e c i a l l y  g e e s e , w i t h  . 

a r s e n u A r e t t e d  hydrogen(A sH ^ ) ,no j a u n d i c e  a r o s e  i f  t h e  l i v e r  o f  t h e  

b i r d  had been  removed c o m p l e t e l y ,whereas i n  normal g e e s e  j a u n d i c e
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a lw ays  r e s u l t e d  from th e  i n h a l a t i o n  o f  th e  g a r .  They co n c lu d ed  from 

• th i s  t h a t  j a u n d i c e  c o u ld  not  o c c u r  w i t h o u t  t h e  l i v e r , a n d  t h a t  in  

co nsequence  no t r u l y  h a e m o ly t i c  i c t e r u s  a p a r t  from th e  l i v e r  war 

p o s s i b l e .

Stadelmann (1881) u sed  to lu y le n d ia j n in  to  in d u c e  j a u n d i c e  by b lo o d  

d e s t r u c t i o n , and c o n c lu d e d  t h a t  t h e  r e s u l t  o f  th e  b lo o d  d e s t r u c t i o n  

was th e  p r o d u c t io n  o f  a t h i c k e n e d  b i l e , r i c h  i n  c o l o u r i n g  m a t t e r ,which  

l e d  to  o b s t r u c t i o n  in  th e  s m a l l e r  b i l e  d u c t s .  On h i s  v i e w , t h e n  th e  

j a u n d ic e  so produced i s  e s s e n t i a l l y  o b s t r u c t i v e , a n d  a r i s e s  i n  th e  

l i v e r ,

A f a n n a s s i e w (1883) c o n t in u e d  ex p e r im en ts  on t h e  same l i n e s , u s i n g  

AsHj and t o l u y 1 endiam:in to  produce h a e m o ly s i s  and j a u n d i c e .  He sup­

p o r ted  Stadelmann^s c o n c l u s i o n s , and made t h e  im p ortan t  o b s e r v a t i o n

t h a t  j a u n d i c e  en su e s  a f t e r  p o i s o n in g  w i t h  ASH3 or  to lu y le n d ia m in .m u c h  

e a r l i e r  ( w i th in  t h e  f i r s t  t w e n t y - f o u r  hours)  than where th e  common 

b i l e  d uct  i s  l i g a t u r e d .  He e x p la in e d  t h i s  by s t a t i n g  t h a t , f o l l o w ­

in g  l i g a t i o n  o f  t h e  b i l e  d u c t , c o n s i d e r a b l e  d i l a t a t i o n  o f  th e  g a l l  

b la d d e r  and l a r g e  d u c t s  can o c c u r  b e f o r e  t h e  o b s t r u c t i o n  makes i t s e l f  

f e l t , w h e r e a s  th e  o b s t r u c t i o n  i n  th e  s m a l l e r  b i l e  d u c t s  i n  th e  o t h e r

c a s e  i s  r a o id  and a f f e c t s  a l l  o f  them a t  on ce ,

Hext came th e  t h e e r y  o f  Minkowski ( 1 9 0 5 ) , who a t tem p ted  to  e x p l a i n  

th e  o c c u r r e n c e  o f  h a e m o ly t i c  j a u n d i c e , n o t  by a m e c h a n ic a l  o b s t r u c t i o n  g 

b u t  by a f u n c t i o n a l  d i s t u r b a n c e  o f  th e  l i v e r  c e l l s  t h e m s e l v e s , i n ­

duced by t h e  p o i s o n .  The l i v e r  c e l l s  damaged by th e  p o i s o n , on 

h i s  v ie w ,d o  n ot  send t h e i r  s e c r e t i o n  through th e  b i l e  duct  as  t h e y  

do n o n r a l l y  ,but  send i t  baclovards i n t o  th e  b lo o d  s t r e a m , perhaps  

by way o f , th e  l^rmphatics.  In support  o f  t h i s  t h e o r y  he made 

com parisons  w i t h  f u n c t i o n - 1  d i s t u r b a n c e s  i n  o t h e r  o r g a n s ,  e . g .



/ / ,

t h e  e x c r e t i o n  o f  alhurren by t h e  k id n ey  c e l l s  i n  n e p h r i t i s .  He 

n o in te d  cut  an .analogy betv/een t h e s e  t'^o c o n d i t i o n s , j a u n d i c e  and 

a l b u m i n u r i a , i n  t h a t  b o t h  may o c c u r  i n  i n f e e l o u s  d i s e a - e S , i n t c x i c a t i o n t  

a.nd i n  d i s e a s e s  o f  t h e  c i r c u l a t o r y  s y s t e m .  go t h e  a b e r i u n t  back­

ward f lo w  o f  b i l e ' W h i c h  o c c u r s , a c c o r d in g  to h i s  t h e o r y , h e  a p p l i e d  

t h e  name P a r a r e d e s i s .

L i e b e i m e i s t e r ( 1 8 9 3 )  , P i c k ( 1 8 9 2 )  , Brow icz  (1900)  , e t c , ,-<.11 supported  

•Minkowski’ s v ie w s  ,a,nd th e  C ^ atY e^author  even g o e s  t h e  l e n g t h  o f  

f i t t i n g  i n  t h e  t h e o r y  to  e x p l a i n  most  c a s e s  o f  o b s t r u c t i v e  j a u n d i c e  

as w e l l ,

E p p i n g e r (1902-3 )  ,? / i th  th e  i n t r o d u c t i o n  o f  h i s  s t a i n i n g  m ethod ,by  

which t h e  f i n e r  s t r u c t u r e  o f  th e  b i l e  c a p i l l a r i e s  co u ld  be  s t u d i e d ,  

advanced cur knowledge c o n s i d e r a b l y .  He found t h a t  i n  o b s t r u c t i v e  

j a u n d ic e  th e  b i l e  c a p i l l a r i e s  widen m ark ed ly ,an d  th e  p r e s s u r e  

b e in g  c h i e f l y  e x e r t e d  on th e  s m a l l  i n t e r c e l l u l a r  c a p i l l a r i e s  ,which  

end b l i n d l y , t h e s e  b l i n d  ends l e n g t h e n , and f i n a l l y  rupture  i n t o  th e  

p e r i v a s c u l a r  lÿmph sp a c e s  which surround th e  b lo o d  c a p i l l a r i e s .

Thus he s t a t e s  t h a t  th e  b i l e  r e a c h e s  th e  c i r c u l a t i o n  through t h e  

l y m p h a t i c s .  He would e x p l a i n  c a s e s  o f  h a e m o ly t i c  j a u n d i c e  on 

v e ry  s i m i l a r  l i n e s ,and b a s e s  h i s  c o n c l u s i o n s  on h i s  f i n d i n g s  in  a 

c a s e  o f  a c u t e  phosphorus p o i s o n i n g .  In t h i s  c a s e  he found t h e  

b i l e  c a p i l l a r i e s  a l s o  w i d e l y  d i l a t e d , a n d  f i l l e d  w i t h  almos'k b l a c k  

c o lo u r e d  m asses  c o m p le t e l y  b l o c k i n g  t h e  lumen. He c a l l e d  t h e s e  . 

m asses  o f  b i l e  "G a l l  em th romb en ’’ .on t h e  a n a lo g y  w i t h  o r d in a r y  b lo o d  

v e s s e l  thrombi.  He found d i l a t a t i o n  o f  t h e  c a p i l l a r i e s  b eh in d  

t h e s e  thrombi , and rupture  through t h e  p e r i v a s c u l a r  lymph s p a c e s .  

E ppinger  s t a t e s  t h a t  he  was o n ly  a b l e  to  make t h e s e  o b s e r v a t i o n s
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i n  human o a s e s  , 3.nd c o u ld  not  f i n d  them i n  dogs _T,fter t c i u y l e n d i ^ m i n  

n o i s c n i n g .  This  i s  i iTpcrt^nt in  c c r in e c t icn  w i t h  my c -n  r e s u l t s  to
r"

he  d e s c r i b e d  l a t e r ,  E ppinger  c l a i m s  to  have  found th e  same changes  

i n  c a s e s  o f  c y a n o t i c  i c t e r u s  (Gallenthrorrihen , e t c ,  ,) ,and s t a t e s  th a t  

th e y  a r e  t h e  e s s e n t i a l  c a u s e  o f  j a u n d i c e .

These two o p p os in g  t h e o r i e s  o f  Minkowski and E ppinger  have r e c e i v ­

ed much a t t e n t i o n  i n  r e c e n t  y e a r s .  W hile  one a u th o r  h o ld s  t h a t  a 

d i s t u r b e d  f u n c t i o n  o f  t h e  l i v e r  c e l l s  c a u s e s  an a b e r r a n t  f lo w  o f  

th e  b i l e  i n t o  t h e  b lo o d  stream, i n s t e a d  c f  a lo n g  th e  b i l e  d u c t s , t h e  

o t h e r  v iew i s  t h a t  t h e  e s s e n t i a l  ca.use i s  th e  f o r m a t io n  o f  

"Gallenthrombe n ",which by c a u s in g  o b s t r u c t i o n  l e a d  to d i l a t a t i o n  o f  

th e  b i l e , d u c t s  and rupture  i n t o  th e  p e r i v a s c u l a r  lymph e -a c e s .

With regard  to  E p p in g e r ’ e t h e o r y , i t  has  been  s t r o n g l y  u phe ld  by

Abramow and 8 -m oi lc  c i t z (  , J a g ic  (1906) , e t c .  ,a s  f a r  a.- o b s t r u c t i v e

j a u n d ic e  g o e s  o n l y .  In  t h e  c a s e  o f  o t h e r  forms o f  j a u n d i c e , r e c e n t  

e x p er im en ts  by O g a ta (1912) w i th  i c t e r o g e n  a re  o f  g r e a t  i n t e r e s t .

He c o u ld  f i n d  i n  many c a s e s  a b s o l u t e l y  no w id e n in g  o f  t h e  b i l e  C a p ­

i l l a r i e s ,  These e x p e r im e n ts  w i t h  i c t e r o g e n , f i r s t  c a r r i e d  cu t  by  

Goldmann(1912) jo.re o f  g r e a t  i n t e r e s t  in  c o n n e c t i o n  with' th e  p a t h o lo g y  

o f  j a u n d i c e ,  (joldmann s t a t e s  t h a t  o b s t r u c t i o n  o f  th e  b i l e  ̂ o b v io u s ly  

p la y s  no p a r t  in  t h e  p r o c e s s ,a n d  no G al lenthrom ben a r e  c e r t a i n l y  

found.

Thus up t i l l  now th e  p a th o lo g y  o f  h a e m o ly t i c  and t o x i c  j a u n d i c e  

i s  very  @ c l e a r .  Cases c f  j a u n d i c e  a r e  c o n s t a n t l y  o c c u r r in g

c l i n i c a l l y  - h i c h  f o l l o w  a h a e m o ly s i s  or a re  a s s o c i a t e d  w i t h  ^ t o x i c  

p r o c e s s ,a n d  i n  which th e  m ic r o s c o p i c  changes  are  q u i t e  anom alous , 

Buch c a s e s  o f  j aund-i o e o c c u r , f o r  e x a m p le , a f t e r  th e  t r a n s f u s i o n  o f
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b l o o d , i n  s e v e r e  s e p s i s ,  in  t h e  a c u r s -  o f  Ceases'of p^rcx3-sn:;:,l haemo-  

g l o b i n u r i a ,  and i n  Casec o f  o a r d ia o  d i s e a s e ,  e s p e c i a l l y  w i t h  b a ck -  

ward p r e s s u r e .  S in c e  th e  e x p e r im en ts  o f  Minkowski and ITaunyn on 

g e e s e  have n e v e r  been  c o n t r o l l e d , and i t  i s  o f  prime im p ortan ce  to  

d e c i d e  d e f i n i t e l y  th e  r û l e  o f  th e  l i v e r  i n  t h e  p r o d u c t io n  o f  haemo­

l y t i c  j a u n d i c e , t h e  e x o e r im e n ts  h ave  been  c a r e f u l l y  r e p e a t e d .  Ex­

p er im en ts  on dogs have  a l s o  been c a r r i e d  ou t  w i t h  t o l u y 1 endiamin to  

d e c i d e  o t h e r  r o i n t s  o f  im p o r ta n c e ,

EXEERIimTTB OH GEE8E.

The e x p er im en ts  to  c o n t r o l  t h o s e  p u b l i s h e d  by  Minkowski and 

Haunyn were  c a r r i e d  out i n  g e e s e , s i n c e  ,,r..s t h e s e  a u th o rs  p o in te d  out^ 

t h e s e  b i r d s  a re  i n  s e v e r a l  ways e s p e c i a l l y  s u i t a b l e  f o r  t h e  pu rp ose .  

Other a n i m a l s , such as  d o g s , cannot  s u r v i v e  e x t i r p a t i o n  o f  t h e  l i v e r  

f o r  more than h a l f  an h our .  Then th e  broad sternum o f  g e e s e  makes 

th e  o p e r a t i v e  t e c h n iq u e  e a s i e r  than i n  o t h e r  f o w l s  where th e  sternum  

i s  narrow, E u r t h e r , t h e  a n a s t o m o s i s  betw een  t h e  p o r t a l  v e i n  and t h e  

vena r e n a l i s  advehens  (J a c o b so n ’ s v e i n )  i s  so good trv f o w l s  t h a t  

p r a c t i c a l l y  no s i g n s  o f  back  p r e s s u r e  o cc u r  i n  th e  abdominal organs  

a f t e r  t h e  p o r t a l  v e i n  has been  t i e d ,  A f u r t h e r  p o in t  i s  t h a t  g e e s e  

d r in k  w a te r  f r e e l y  a f t e r  th e  o p e r a t i o n , and s e c r e t e  u r i n e  r i g h t  up 

to  t h e i r  d e a t h .  The b i l e  o f  b i i v s , t o o , c o n t a i n s  b i l l v e n d i n ,which  

i s  v er y  r e a d i l y  r e c o g n i s a b l e  in  u r i n e  and i n  s e c t i o n s  o f  t i s s u e .

The o p e r a t io n  c o n s i s t s  i n  co m p le te  removal o f  th e  l i v e r , .as f a r  as  

i p q o s i b l e .but  f o r  anr^.tcmical r e a so n s  an a b s o l u t e  and t o t a l  e x t i r p a t i o n  

i s  i m p o s s i b l e ,as  Minkowski adm its  i n  h i s  d e s c r i p t i o n  c f  t h e  o p e r a t i v e  

t e c h n iq u e .  He sa y s  ; "Es b l i e b  h i e r b e i  in  d er  R eg e l  noch e in  k l e i n e s
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Btüok vGDi r e c h t e n  L e b e r la n r e n  in  d e r  u n m i t t e lb a r e n  Umgebung , resy., 

h i n t e r  d e r  Ven̂ a Cava zü ru ck ,  D ie e e e  wurde v o r e i o h t i g  z e r d r u c k t ,

d i e  Gewebstucken m o g l i c h s t  vo1 1 s t a n d i g e n t f s r n t , u n d  a u f  d i e s e  M eise  

e i n e  E o r td a u er  der  L e b e r fu n o t io n  m it  B i c h e r h e i t  ^ ju sg esc h lc s se n ,  "

Ho m ention i s  made o f  t h e  s m a l l  lumo c f  l i v e r  t i s s u e  l e f t  b eh in d  t h e  

vena cava h a v in g  b een  s u b j e c t e d  to  m i c r o s c o p i c  e x a m in a t io n ,a n d  in  a 

c o u r teo u s  p e r s o n a l  commirmication from P r o f e s s o r  Minkowski he s t a t e s  

t h a t  none w -s  made. Th is  o m is s io n  i s  im p o rta n t  , f o r  c a r e f u l  exam­

i n a t i o n  shows t h a t  i t  i s  i m p a s s i b l e  to  c o m p le t e l y  d e s t r o y  th e  f unet i - p 

o f  t h i s  s m a l l  p i e c e  o f  l i v e r  t i s s u e , a s  i t s  r e l a t i o n s  to  t h e  v e i n  w a l l  

a r e  so i n t i m â t e l e v e n  a l th o u g h  a t te m p ts  a r e  made to  s c r a p e  i t  away or  

squ eeze  i t  w i t h  t h e  f i n g e r s .  The sm a l l  p i e c e  o f  l i v e r  t i s s u e  r e ­

m aining a f t e r  t h e  o p e r a t io n  i s  shewn i n  E i g , I ,  The o p e r a t i o n  was 

c a r r i e d  out i n  an e x a c t l y  s im i l . r r  manner to  what Minkowski d e s c r i b e d .  

The o p e r a t i o n  i s  n o t  e a s y ,a n d  t a k e s  .s a r u l e , t h i r t y - f i v e  to  f o r t y -  

f i v e  m in u tes  to  perform. The rectum was a lways  a t  th e  same t im e  

t i e d  a s h o r t  d i s t a n c e  above th e  c l o a c a  to  p re v e n t  adm ixture  o f  

fa .eces  w i t h  th e  u r i n e .

In th e  f i r s t  ^experiments th e  l i v e r  was f i r s t  removed and t h e  g o o s e  

t h e r e a f t e r  r-oiscned w i t h  AsHjjbut  th e  animuaIs th en  s to o d  t h e  p o i s o n ­

in g  so b a d l y  t h a t  in  a l l  th e  l a . t e r  e x o er im e n ts  th e  i n h a l a t i o n  o f  

AsH3 ’ in w ie d la te ly  preceded  th e  o p e r a t i o n .  ' I t  i s  c e r t a i n  tha.t a c t i v e  

f u n c t i o n a t i n g  o f  th e  l i v e r  dur ing  th e  s h o r t  p er io d  which e l a p s e d  b e ­

tween t h e  r c i s c n i n g  and th e  ty l t fg  o f f  o f  th e  l i v e r  v e s s e l s  a t  th e  

o p e r a t io n  had n o th in g  to  do w i t h  th e  weak j a u n d ic e  o b ta in e d  i n  

s e v e r a l  e x p e r i i r e n t s , s i n c e  th e  j a u n d i c e  d id  not  occu r  u n t i l  s e v e r a l  

hours  a f t e r  t h e  o p e r a t i o n , and c o n t in u e d  to  i n c r e a s e  u n t i l  th e  d e a t h



o f  t h e  b i r d .

The A3H3 by mear3 c f  which th e  b i r d s  were pcisored,  /was o b ta in e d  by  

Minkowski and ilaunyn by adding  E o w le r ’ s s o l u t i o n  to  a f l a s k  in  which  

hydrogen was b e i n g  g e n e r a t e d  by t h e  a c t i o n  o f  d i l u t e d  ^ in c .

At f i r s t  E o w le r ' s  s o l u t i o n  ( c o n t a i n i n g  Vfo o f  a r s e n i c )  was used  i n  th e  

e x p e r i m e n t s ,but  l a t e r  on i t  was found t h a t  much more c o n s t a n t  r e s u l t s  

were o b ta in e d  by u s i n g  a 20^  s o l u t i o n  o f  a r s e n ic ^ p r e p a r e d  by d i s s o l v e  

in g  th e  a r s e n i c  w i t h  t h e  h e l p  c f  EHOO3 (potass iu ir  b i c a r b o n a t e )  accord-  

in g  to  t h e  f o l l o w i n g  e q u a t io n

AS2O3 + 2KHOO3  a, 2EAs0 2 "h 2 OO2 + H 2 O.

Here t h e  a r s e n i c  e x i s t s  a s  pctasrsium m e t a r s e n i t e , a n d  i t  was found  

th a t  5 c , c ,  o f  t h i s  s o l u t i o n  added to  t h e  f l a s k  i n  v/hich hydrogen w- 3  

b e in g  g e n e r a t e d , cou ld  p r o d u c e ,a s  a r u l e , i n  normal g e e s e  s e v e r s  jaun­

d i c e  a f t e r  i n h a l a t i o n  f o r  about f i v e  m in u t e s .  The g o o s e  was e n c l o s ­

ed in  a l a r g e  a lm ost  a i r - t i g h t  c h e s t , w i t h  e n t r a n c e  and e x i t  open ings  

f o r  th e  g a s ,a n d  owing to th e  p o iso n o u s  n a tu r e  o f  t h e  ASH3 t h e  e x p e r ­

iment was al'^rays made i n  th e  neighbourhood o f  a l a r g e  open window.

The ex p er im en ts  t h e m s e lv e s  " ù n  now b e  b r i e f l y  d e s c r i b e d .

EXPERIMENT 1 .  Goose 7 ( l a r g e  m a le ) .

At 3 ,5 0  p.m. i n h a l a t i o n  o f  A8H3 f o r  f o u r  m in u te s  ; 5 c . c ,  o f  tw enty  

per c e n t  s o l u t i o n  o f  a r s e n i c  u s e d .  The anim.al on b e i n g  removed..from 

th e  c h e s t  appeared to  be  d i s t i n c t l y  p o i s o n e d .  At 4 ,1 5  p.m. t h e  

o p e r a t i o n  to  remove th e  l i v e r  was commenced ,-and was f i n i s h e d  a t  

5 p.m. A v e i v  sm=all stump o f  l i v e r  t i s s u e  remained a t t a c h e d  to  th e  

vena ca v a .  The b i r d  s to o d  jip a f t e r  t h e  o p e r a t i o n , and appeared to  

be q u i t e  s t r o n g .  I t  drank w a te r  f r e e l y  throughout  t h e  ev e n in g
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At 9 p.m. ( fo u r  h ou rs  a f t e r  t h e  o p e r a t i o n )  5 c . c .  o f  c l e a r  y e l l o w  

u r i n e  w i t h o u t  a - t r a c e  o f  b i l e  were c b t a i n e d .  At 9 .4 5  p.m. about  

10 c .  c .  o f  d i s t i n c t l y  g r e en  u r i n e .  Next  morning f o u r  t e s t  tu b e s  

f u l l  o f  d e f i n i t e l y  g r e e n  u r i n e  w ere  o b t a i n e d ,  g i v i n g  a v e ry  p o s ­

i t i v e  Gmelin t e s t '  f o r  b i l e .  A f u r t h e r  10 c . c .  o f  even g r e e n e r  u r i n e  

were p a ssed  j u s t  b e f o r e  t h e  b i r d  d i e d  a t  8 . 4 0  a . m . ,h a v in g  l i v e d  

about s i x t e e n  hours  a f t e r  th e  removal o f  t h e  l i v e r .

The stump o f  l i v e r  t i s s u e  l e f t  b e h in d  was v e r y  c a r e f u l l y  examined  

a f t e r  t h e  d e a th  c f  t h e  b i r d .  The s m a l l  part  o f  th e  stump o u t s i d e  

l i g a t u r e  was c o m p le t e l y  n e c r o t i c ,  but  b eh in d  t h e  vena, cava  a s m a l l  

p i e c e  o f  l i v e r  t i s s u e  w e ig h in g  0 , 6 8  grm., and about  t h e  s i z e  o f  a  

pea ,was  n o t  o b v i o u s l y  n e c r o s e d .  The m i c r o s c o p i c  a p p earan ces  o f t h i s  

t i s s u e  w i l l  be  r e f e r r e d  to  a g a i n .

D i s t i n c t  e v i d e n c e s  o f  t h e  i c t e r u s  induced were found m i c r o s c o p i c a l l y  

i n  t h e  k i d n e y s ,  q u i t s  s i m i l a r  i n  n a tu r e  to t h o s e  d e s c r i b e d  by  

U l r i c h  (1912) f o r  t h e  hwian s u b j e c t ,  and by Susuki  (1912) i n  h i s  

monograph on th e  "Morphologie d e r  H i e r e n s s k r e t i o n "  f o r  a n im a l s .

Some o f  t h e  s m a l l e r  d e s c e n d in g  t u b u l e s f o f  H e n l e ’ s l o o p s  were found  

plugged w i t h  dark green  c o lo u r e d  c a s t s .

The s p l e e n  showed c o n s i d e r a b l e  p h a g o c y t o s i s  o f  c e l l s ,  many e r y t h r o ­

c y t e s  b e i n g  c o n t a in e d  w i t h in  c e l l s  c f  t h e  pulp and i n  e n d o t h e l i a l  

c e l l s .  Much pigment g i v i n g  t h e  i r o n  r e a c t i o n  was found, both  i n t r a -  

and e x t r a - c e l l u l a r l y .

EXPERIMENT 11 ,  Goose 9 ( la r g e  m a l e ) .

At 3 ,4 5  p.m. i n h a le d  AsHj f o r  f o u r  m in u t e s ;  5 c . c ,  o f  tw en ty  per  

c e n t  a r s e n i c  used.-  The o p e r a t i o n  l a s t e d  from 4 ,1 5  to  5 , 5  p . m . ,



b e i n g  r a t h e r  more d i f f i c u l t  than u s u a l  owing to  t h e  g o o se  b e i n g  

f a t .  A v er y  s m a l l  stump o f  l i v e r  t i s s u e  ?/as l e f t  b eh ind  t h e  vena  

c a v a .  At 11 c.m. ( f i v e  and t h r e e - q u a r t e r s  a f t e r  t h e  o p e r a t i o n )

20 c . c .  o f  dark  brown u r i n e  were o b t a in e d .  H a l f  an hour  l a t e r  

15 c . c .  o f  s i m i l a r l y  c o lo u r e d  u r i n e  were p a s s e d .  Next  morning a t  

8 a.m. th e  g o o s e  was found d ead .  The b i r d  had p rob ab ly  l i v e d  e i g h t  

to  t e n  hours  a f t e r  t h e  o p e r a t i o n , s i n c e  20  c . c .  o f  dark brown u r i n e  

had been v o id ed  d u r in g  t h e  n i g h t .  In th e  u r i n e  t h e  b a n d s  o f  oxy-  

haemoglobin  were r e a d i l y  d e t e c t e d  s p e c t r o s c o p i c a l l y  a f t e r  d i l u t i n g  

down s u f f i c i e n t l y  w i t h  w a t e r .  The t e s t s  f o r  b i l e  shoyed i t s  

p r ese n c e  but  o n ly  i n  t r a c e s .  The Gmelin t e s t  waS u n c e r t a i n , and 

H uppert ’ 5 t e s t  gave  o n ly  a weakly  p o s i t i v e  g r e e n  c o l o r a t i o n .

The stump o f  l i v e r  t i s s u e  b eh in d  t h e  vena ca v a  was found p e n e t r a t e d  

throughout  by haemorrhage,and no e v id e n c e  o f  i t  h a v in g  f u n c t i c n -  

a te d  cou ld  be  d i s c o v e r e d .

In. th e  k id n e y s  no t r a c e  o f  i c t e r u s  and no haem oglob in  c a s t s  c o u ld  

be  s e e n .  The c o r t i c a l  t u b u l e s  gave  a weak i r o n  r e a c t i o n , c h i e f l y  

d i f f u s e , b u t  i n  a few c e l l s  g r a n u l e s  o f  h a e m o s id e r in  were p r e s e n t .

In t h e  s p l e e n  t h e r e  w.as v e r y  marked p h a g o c y t o s i s  o f  red c e l l s  by  

pulp  and e n d o t h e l i a l  c e l l s , a n d  much pigment g i v i n g  t h e  i r : n  

r e a c t i o n ,

EXPERIIIMtt 1 1 1 . Goose 10 ( l a r g e  f e m a l e ) .

At 3 p.m. i n h a l a t i o n  o f  AsHj f o r  t h r e e  -nd a h a l f  m in u tes  ; 5 c . c ,

c f  tw enty  per  c e n t  s o l u t i o n  used as b e f o r e .  O perat ion  from 5 ,1 5  to
/

4 p,m. The b i r d  appeared q u i t e  s t r o n g  a f t e r  t h e  o p e r a t i o n , and 

drank w a te r  f r e e l y .  At 6 p.m. (two hours a f t e r  t h é  o p e r a t i o n )



/ g .

a l a r g e  amount o f  c l e a r  y e l l o w  u r i n e  wae p a s s e d , f reé  from b i l e  or  

haeir .oglobin. At 6 o ’c l o c k  a q u a n t i t y  c f  dark brown u r i n e  c o n t a i n -  

in g  haemoglobin  was o b t a in e d .  The b i r d  d i e d  a t  9 p.m. , f i v e  hours  

a f t e r  th e  o p e r a t i o n .  A f t e r  d e a t h  a q u a n t i t y  o f  dark brown u r i n e  

was found i n  the  rectum be low  th e  l i g a t u r e .  Ho b i l e  wa? a t  any­

t im e p r e s e n t  i n  th e  u r i n e .

The s m a l l  stump c f  l i v e r  t i s s u e  l e f t  b eh in d  was p e n e t r a t e d  by ^  

haemorrhage as  i n  th e  p r e v io u s  ex p e r im en t .

In th e  k id n e y s  o n ly  a,,few haem oglob in  c a s t s  were fou nd ,an d  th e  i r o n  

r e a c t i o n  wac n e g a t i v e .

In th e  s p l e e n  a s i m i l a r  marked p h a g o c y t o s i s  o f  red c e l l s , a n d  much 

i n t r a -  and e x t r a - c e l l u l a r  i r o n  pigment found ,

EXPERIMENT IV . Goose 11 ( l a r g e  m a l e ) ,

At 3 p.m, i n h a l a t i o n  o f  AsH^ f o r  t h r e e  m in u t e s ;  3 c , c , o f  tw en ty  

per  c e n t  s o l u t i o n  u s e d .  O perat ion  commenc^ed a t  o n c e , and WaS c o m p le t ­

ed a t  4 p.m. E s p e c i a l  c a r e  was taken  i n  t h i s  exper im ent  to a t tem p t  

to^completely d e s t r o y  t h e  f u n c t i o n  o f  th e  s m a l l  stump o f  l i v e r  

t i s s u e  by s q u e e z in g  i t  w i t h  pres  s u r e - f c r e e p s  and w i t h  th e  f i n g e r s .  

The g o o se  was q u i t e  s t r o n g  a f t e r  th e  o p e r a t i o n , and drank w a te r  

f r e e l y ,  Betw-een 4 and 8 p,m, about  100 c , c ,  o f  q u i t e  noimal  u r i n e  

f r e e  from b i l e  and haem oglob in  ,were o b t a in e d .  At 6 p.m, u r i n e  o f  

s. d i s t i n c t l y  g reen  c o l o u r ,a n d  c o n t a i n i n g  undoubted b i l e  was p a s s e d .  

Between 8 and 9 o ’ c l o c k  two f u r t h e r  samples  were o b t a i n e d ,b o t h  o f  

d i s t i n c t  green  c o l o u r .  At 9 ,1 5  p.m, th e  b i r d  d ie d  s u d d e n l y , f i v e  

and a. q u a r t e r  hours  a f t e r  t h e  o D e r a t io n ,
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The h i s t o l o g y  o f  t h e  atuarp o f  l i v e r  t i s s u e  l e f t  w i l l  he  a g a in  

r e f e r r e d  t o ,

In t h e  k id n e y s  no t r a c e  o f  i c t e r u s  was r e c o g n i s a b l e .

In t h e  s p l e e n , p h a g o c y t o s i s  o f  red c e l l s ,  b u t  n o t  so marked a s  i n  

p r e v io u s  exper im ents*  Much i r o n  pigment b o t h  i n s i d e  and o u t s i d e  

c e l l s .

EXPERIlfBHT V. Goose 1 5 ( m o d e r a t e - s i z e d  m a l e ) .

At 3 p.m. i n h a l a t i o n  o f  AsH^ f o r  f o u r  m in u te s  ; 7 c . c .  c f  tw enty  

per c e n t  o f  a r s e n i c  u s e d .  Im m ed ia te ly  a f t e r  t h e  p o i s o n i n g  b o t h  

l i v e r  and s n l e e n  were removed. The g o o s e  was q u i t e  s t r o n g  a f t e r  

th e  o p e r a t i o n ,w hich  was f i n i s h e d  a t  3 . 5 0  p.m. At 9 p.m. th e  g o o s e  

was found d e a d ,b u t  q u i t e  warm. About 5 c . c ,  o f  deep b r o w n ish -r e d  

u r in e  had b e e n  p a s s e d .  On s t a n d i n g , t h i s  s e p a r a te d  i n t o  a c h o c o l a t e  

c o lo u r e d  p r e c i p i t a t e  co vered  by a b r i g h t  red f l u i d  c o n t a i n i n g  

haem oglobin ,  From t h e  c l o a c a  a f u r t h e r  s m a l l  amount o f  deep  red  

u r in e  was o b t a in e d  post-mortem:.

In t h e  k i d n e y s , c a s t s  o f  haem oglob in  were fou nd ,

fwo" c o n t r o l  g e e s e  were p o iso n ed  w i t h  AsH^ w i t h o u t  removal o f  , 

th e  l i v e r , a n d  th e  r e s u l t s  o f  t h e s e  two e x p e r im e n ts  a re  o f  g r e a t  

importance  f o r  t h e  c o n c l u s i o n s  to  be drawn from t h i s  r e s e a r c h ,

EXPERIMENT TTL, Goose 8 ( l a r g e  male)

On 18th F e b r u a r y , a t  10 a,mi, , th e  rectum was t i e d .  At 1 0 . 3 0  a.m.  

i n h a l a t i o n  o f  AsH^ f o r  f i v e  m i n u t e s ,5 c . c .  o f  F o w l e r ’ s s o l u t i o n



■

b e i n g  u s e d .  Ho u r i n e  was o b ta in e d  through  out t h e  day .  Hext  mcrn-

in g  a sm a l l  amount o f  t h i c k  u r i n e  was o b t a i n e d , c o n t a i n i n g  no b i l e ,

A c o p io u s  f l o w  o f  u r i n e  was induced  by p u t t i n g  w a t e r  i n t o  t h e  
/ \ 

stomach through a t u b e ,b u t  t h i s  sample a l s o  c o n t a in e d  no b i l e .

On 19th  F e b r u a r y ,a t  3 p.m. t h e  g o o s e  i n h a l e d  ASH3 a g a in  f o r  f o u r  

m i n u t e s , f i v e  c . c ,  c f  F o w l e r ’ s s o l u t i o n  b e i n g  u se d .  U r in e  obtained'  

th e  same ev en in g  was f r e e  from b i l e .  I t  became c l e a r  th- . t  t h e  

goose  was n o t  b e i n g  p o i so n e d  s t r o n g l y  enough.  I t  i s  i n t e r e s t i n g  

to  n o te  h e r e  t h a t  t h e  g o o s e  l i v e d  f i f t y  hours  a f t e r  t h e  t y i n g  o f  

th e  rectum w i t h o u t  showing any b i l e  i n  th e  u r i n e ,a n d  h en ce  th e  

p o s s i b i l i t y /  o f  i c t e r u s  from r e s o r p t i o n  o f  b i l e  from t h e  i n t e s t i n e

seems q u i t e  out  o f  th e  q u e s t i o n ,
%0̂ \Kk-\0\\y

On 20th February ,a.t 1 1 ,3 5  a .m, , t h e  t  r/enty per  c e n t ^ o f  a r s e n i c  was 

used f o r  t h e  f i r s t  t i m e , 5 c . c ,  b e i n g  employed,and th e  gae in h a l e d  

f o r  f i v e  m in u t e s .  A f t e r  removal from t h e  c h e s t  th e  b i r d  showed 

undoubted symptoms o f  p o i s o n i n g .  Between 12 noon and 3 p.m, t h e  

goose  drank w a te r  f r e e ly ,a - n d  p assed  l a r g e  q u a n t i t i e s  o f  u r i n e .

This  was a t  f i r s t  c l e a r  and y e l l o w i s h ,b u t  soon became d i s t i n c t l y

g r e e n .  L a t e r , t h e  u r i n e  was i n t e n s e l y  g r e e n , and c o n t a in e d  v er y  

abundant b i l e .  In th e  ev en in g  h a e m o g lo b in u r ia  s e t  i n ,a n d  a 

m ix tu re  o f  b i l e  and o f  haem oglob in  c o u ld  b e  d e t e c t e d  on t e s t i n g  

th e  u r i n e ,  Hext morning , 2 1 s t  F e b r u a r y , t h e r e  was p r a c t i c a l l y  pure  

h a em oglob in u r ia . ,w i t h  o n ly  a. t r a c e  o f  b i l e .  But l a t e  i n  th e  day  

th e  haem0g 1 0 binuria .  p a ssed  c f f  and wc.s r e p la c e d  by b i l l u r i a , j u s t  

a-: marked a,s b e f o r e .  On 22nd February th e  g o o s e  was k i l l e d  by  

b l e e d i n g , a n d  i n  th e  b lo o d  serum b i l i v e r d i n  was r e a d i l y  r e c o g n i s e d .



EXPERDGl'T V i l .  Goose 12 (young m d e ) .

On 24th M ay,at  o p.m. , t h e  rectum was t i e d .  Scon after^AsH^ was

in h a le d  f o r  f o u r  m in u tes  , 5 c . c .  o f  t h e  tw en ty  p er  c e n t  s o l u t i o n  

b e in g  u se d .  The u r i n e  o b t a in e d  th rou ghou t  t h e  day was o l e - r  and 

f r e e  from b i l e .  On 25th  May,at  10 a . m . , t h e  g o o s e  a g a in  i n h a l e d  

ASH3 f o r  f i v e  m i n u t e s ,7 c . c .  o f  t h e  tw en ty  per  c e n t  s o l u t i o n  b e i n g  

employed. U r in e  o b t a in e d  between 12 noon arid 2 p.m. was q u i t e  c lea :

At 4 p.m. h a em o g lo b in u r ia  s e t  in  and waS s e e n  v e r y  marked. On 26 th

May th e  u r i n e  s t i l l  c o n t a in e d  haem oglob in  i n  abundance ,but  had a 

s l i g h t l y  g r e e n i s h  t i n g e .  About 4 p.m. t h e  h a em o g lo b in u r iy  p assed  

o f f  and was r e p l a c e d  by a marked i c t e r u s , t h e  u r i n e  becoming i n ­

t e n s e l y  green  i n  c o l o u r .  Marked b i l i u r i a  co n t in u ed  u n t i l  t h e  g o o se  

was k i l l e d  a t  4 p.m, on 2 7 th  May,

S in c e  th e  ex p e r im en ts  o f  Minkowski and Haunyn appeared so lo n g  

a g o , and i t  i s  e s s e n t i a l  t h a t  th e  re a d e r  sho u ld  be  a b l e  to  compare  

t h e i r  f i n d i n g s  w i t h  t h o s e  j u s t  d e s c r i b e d , t h e i r  most  im p ortan t  ex­

p er im en ts  w i l l  be s h o r t l y  g i v e n  h e r e ,

experiment 1 . Duck,

Po isoned  a t  10 a.m. At 4 p.m, d e f i n i t e  i c t e r u s .  The u r i n e  con ta in er  

a l s o  a l i t t l e  h a em oglob in .  At 4 ,3 0  p.m. o p e r a t i o n  begun to remove 

t h e  l i v e r ;  f i n i s h e d  a t  5 , 3 0  p.m. Soon a f t e r ,m a r k e d  haem oglobinuria .  

ensued .  The amount o f  b i l e  in  t h e  u r i n e  was l e s s  than b e f o r e  th e  

o p e r a t i o n , and remained so u n t i l  t h e  b i r d  was k i l l e d . a t  1 0 ,3 0  p .m.,  

f i v e  hours  a f t e r  th e  o p e r a t i o n .  In  35 c . c ,  b lo o d  no t r a c e  o f  b i l e



oou ld  b e  r e c o g n i s e d .

A c o n t r o l  g o o s e  p o i s o n e d  a t  t h e  same t im e ,a n d  whose l i v e r  ^as n o t  

r e m o v e d ,d e v e lo p e d  a marked i c t e r u s ,w hich  c o n t in u e d  u n t i l  th e  b i r d  

was k i l l e d  on t h e  n e x t  day .  A green  c o l o u r e d  a l c o h o l i c  e x t r a c t

o b ta in e d  from th e  b lo o d  c o n t a in e d  b i l i v e r d i n .

EXPERIMENT 1 1 . Large g o o s e .

In t h i s  b i r d  a l l  t h e  l i v e r  v e s s e l s  were- t i e d , a n d  t h e  l i v e r  t i s s u e  

d e s tr o y e d  by c r u s h i n g , b u t  th e  organ i t s e l f  was l e f t  "in s i t u " .  

Operation f i n i s h e d  a t  1C a.m. At 1 1 .3 0  a .m. th e  g o o s e  i n h a l e d  Ash3 

f o r  t h r e e  m i n u t e s , a lo n g  w i t h  0. c o n t r o l  b i r d .  The c o n t r o l  b i r d  p a ssed  

green c o lo u r e d  u r i n e  a t  1 2  noon , and by 2 p.m, had a marked i c t e r u s  . 

In c o n t r a s t  to  t h i s , t h e  o p e r a ted  g o o se  showed a t  1 2 ' o ’c l o c k  a mark­

ed h a e m o g lo b in u r ia .  At 2 . 3 0  p.m, t h i s  l a t t e r  g o o s e  was k i l l e d , f o u r  

and a h a l f  hours  a f t e r  th e  o p e r a t i o n , and t h r e e  hours  a f t e r  th e  

p o i s o n i n g .  A f t e r  th e  o p e r a t i o n  th e  u r i n e  c o n s t a n t l y  c o n t a in e d  b i l e ,  

but i n  s m a l l  amount,and t h i s  d i s a p p e a r e d  when t h e  h a em o g lo b in u r ia  

s e t  i n .  In t h e  b l o o d , a f t e r  d e a t h ,n o  b i l e  c o u ld  be  r e c o g n i s e d .

EXPERIMINT 1 1 1 . Goose.

I n h a le d  AsHg a t  9 ,4 5  a.m. f o r  f o u r  and a h a l f  m in u t e s .  The u r i n e  a t  

1 1 ,3 0  a .m. c o n t a in e d  b i l e  i n  s m a l l  amount. At 12 o ’ c l o c k  t r a c e s  o f  

haem oglob in  and d i s t i n c t  b i l e  w ere  p r e s e n t .  At 1 p.m, t h e  b i l e  and 

haemoglobin  were b o th  p r e s e n t  much more ab u n d an t ly  in  th e  u r i n e .

At t h i s  hour th e  l i v e r  "as removed. The b i r d  d ie d  a t  2 ,3 0  p . m . , an 

hour a f t e r  th e  o p e r a t i o n .  S h o r t ly  b e f o r e  d e a th  u r i n e  c o n t a i n i n g  

h a e m o g lo b in ,but  no b i l e , w a s  p a r s e d .



EXPERIiaT IV.. Goose.

In h a le d  AsH^ a t  9 .4 5  a .m.  f o r  f o u r  m in u t e s .  At 12 o ’c l o c k  th e  urira  

v;au g r e e n i s h , a n d  a t  1 , 3 0  p.m. d i s t i n c t l y  g r e e n ,a n d  gave  a p o s i t i v e  

r e a c t i o n  f o r  b i l i v e r d i n .  At 2 p.m. th e  o p e r a t i o n  to  remove th e  

l i v e r  commenced, and by 3 p.m. was f i n i s h e d .  A f t e r  t h e  o p e r a t i o n  

th e  u r in e  was more s t r o n g l y  b i l e - c o n t a i n i n g  than i n  p r e v i o u s  c a s e s ,  

but  tbe  sample was more c o n c e n t r a t e d  than u s u a l .  At 7 p.m. t h e  

goose  was k i l l e d , f o u r  hours  a f t e r  th e  o p e r a t i o n .  In  130 c . c ,  b lo o d  

no b i l e  c o u ld  be  r e c o g n i s e d .

DIBCUBBICH OF REBULTS.

In d i s c u s s i n g  t h e  ex p er im en ts  i t  w i l l  be  a t  once p e r c e i v e d  t h a t  

th e  number o f  p o s i t i v e  e x p er im en ts  from which Minkowski and Haunyn 

drew t h e i r  im p ortan t  c o n c l u s i o n s  i s  a sm a l l  one .  Of f o u r  ex p e r t  

i m e n t s , i n  one th e  l i v e r  was n o t  removed,but  o n ly  f u n c t i o n a l l y  d e ­

s t r o y e d  by c r u s h in g .  The f i r s t  b i r d  was k i l l e d  f i v e  h ou rs  a f t e r  

th e  o p e r a t i o n , t h e  second  f o u r  and a h a l f  hours  a f t e r  th e  c r u s h in g  

and t h r e e  and a h a l f  hours  a f t e r  t h e  p o i s o n i n g , t h e  t h i r d  b i r d  d i e d  

an hour a f t e r  t h e  l i v e r  was removed,and t h e  f o u r t h  was k i l l e d  f o u r  

hours a f t e r  th e  o p e r a t i o n .  I t  must be n o t i c e d  a l s o  t h a t  i n  Exper­

im ents  111.  and IV. t h e  b i r d s  had marked j a u n d ic e  b e f o r e  th e  o p e r ­

a t i o n  to  remove th e  l i v e r  was begun .  My own ex p er im en ts  number 

f i v e , b u t  i t  w i l l  be  o b served  t h a t  i n  t h e s e  th e  b i r d s  l i v e d  on an 

av era g e  l o n g e r  than i n  th e  ex p e r im en ts  o f  Minkowski and Haunyn,

ne(%)ly, s i x t e e n  , e i g h t  , f i v e  , f i v e  and a, q u a r t e r ,a n d  f i v e  hours  a f t e r
Ai

'.,ne 0 a e r a t i o n .  A lso  , i n  my e x p er im en ts  , t h e  p o i s o n i n g  and^,removal o f  

th e  l i v e r  f o l l o w e d  one a n o th e r  so c l o s e l y  t h a t  t h e  w hole  e x - e riment
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may b e  s a i d  p r a c t i c a l l y  to  have  b een  con d u cted  on a b i r d  w i t h o u t  a 

l i v e r .  In two e x p e r im e n ts  o f  Minkowski and Haunyn ( 1 1 . and IV .)  b i l e  

p e r s i s t e d  i n  t h e  u r i n e  a f t e r  e x t i r p a t i o n  o f  t h e  l i v e r , b u t  i t  i s  a  

q u e s t i o n  w h eth er  t h i s  was j u s t  a c o n t in u e d  e x c r e t i o n  o f  b i l e  formed  

b e f o r e  t h e  l i v e r  was d e s t r o y e d , o r  w h eth er  i t  depended on o t h e r  c i r ­

cum stances  which now r e q u i r e  m e n t io n ,  Minkowski and Haunyn put down 

t h i s  c o n t in u ed  p r e s e n c e  o f  b i l i v e r d i n  in  t h e  u r i n e  to  a r e s o r p t i o n  o f  

b i l e  from t h e  b o w e l .  They s t a t e ;  "Es i s t  n i c h t  s t a t t h a f  t  , h i e r 8.us 

a u f  d i e  E ortdauer  d e r  G a l l e n b i ld u n g  nach d e r  B e s e i t i g u n g  d e r  Leber  zu  

s c h l i e s s e n , v i e l m e h r  muea nach u n s e r e r  A n s ic h t  d i s s e r  g e r i n g f u g i g e  

G a l l e n f a r b s t o f f g e h a l t  d e s  U r i n s , s o f e r n  er  n i c h t  d a r i n  s e i n e  Erklarung  

f i n d e t , d a s s  d i e  S n t l e b e r u n g  u n v o l l s t a n d i g  w a r , a u f  e i n e  R e s o r p t io n  von  

G a l l e n f a r b s t o f f  aus dem Darme b ez o g en  w a r d e n , " Such r e s o r p t i o n  from^

i s , t o  mm  v i e w , q u i t e  n e g a t i v e d  by t h e  r e s u l t s  o f  Experiment VI. o f  my 

s e r i e s , w h i c h  l i v e d  f o r  f i f t y  h o u r s , a f t e r  t y i n g  o f  th e  r e c t u m ,w i th o u t  

d e v e lo p in g  a tra.ce  o f  j a u n d i c e .  The o t h e r  p a r t  o f  t h e  s e n t e n c e  

q u o t e d ,h ow ever ,w h ich  co n c er n s  t h e  p o s s i b i l i t y  o f  in c o m p l e t e  e x t i r ­

p a t io n  o f  t h e  l i v e r , s e e m s  to  be  much more im p o r ta n t .  A l l u s i o n  h a s  

a l r e a d y  been  made to  t h e  s m a l l  p i e c e  o f  l i v e r  t i s s u e  which must r e ­

main beh ind  th e  vena  ca v a ,a n d  c a r e f u l  m i c r o s c o p i c a l  ex a m in a t io n  h a s  

shown me t h a t  i t  i s  i m p o s s i b l e  to  be  s u r e  t h a t  t h i s  t i n y  p i e c e  o f  

t i s s u e  remains i n a c t i v e .  How much b i l e  co u ld  be  produced by such a 

s m a l l  amount o f  l i v e r  t i s s u e ,however a c t i v e l y  i t  f u n c t i o n a t e d , i s  o f  

c o u r s e  d i f f i c u l t  to  s a y ,a n d  c e r t a i n l y  th e  amount must b e  s c a n t y .

S t i l l , t h e  p o s s i b i l i t y  o f  c o n t in u e d  f u n c t i o n  o f  t h i s  stump can n ot  be  

e n t i r e l y  p a ssed  o v e r .  Under a l a t e r  h e a d i n g , t h e ^ a c t i c n  o f  t h e  s p l e e n .
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ma%TOW;8 t o . ; i n  a o o c u n t in g  f o r  t h i s  've&k j a u h i i c e  a f t e r  l i v e r  e x t i r ­

p a t io n  and p o i s o n i n g , w i l l  be  f u l l y  e n t e r e d  i n t o .  A f u r t h e r  p o i n t  

i n  c o n n e c t i o n  ^ i t h  t h e  c o n c l u s i o n s  drawn by Minkowski and Maunyn i s  

t h a t  th e y  do n e t  appear to  have  tak en  n o t i c e  s u f f i c i e n t l y  o f  th e  

c l o s e  r e l a t i o n s h i p s  betw een  i c t e r u s  and h a e m o g lo b in u r ia .  Making 

u se  a g a in  o f  Exper im ents  VI,  and \0 .1 ,  i n  my s e r i e s , i t  i s  s e e n  t h a t  

i n  Experiment VI, a s e v e r e  i c t e r u s  was f o l l o w e d  by a p e r io d  o f  

h a e m o g lo b in u r ia ,a n d  t h i s  was i n  turn  a g a in  r e p la c e d  by a%period o f  

j a u n d i c e .  In Experiment t n i ,  a l s o , a f t e r  s e v e r e  p o iso n in g ,h a e m o -  

g l o b i n u r i a  appeared  a t  f i r s t j t o  be s u b s e q u e n t l y  f o l l o w e d  by a mark­

ed b i l i u r i a .  Thus i t  seems to  be  p rob ab le  t h a t  s e v e r e  p o i s o n i n g  

in  b i r d s  b r i n g s  on h a e m o g lo b in u r ia ,w h e r e a s  i c t e r u s  en su e s  when the  

p o i s o n in g  i s  n e t  so s e v e r e  or  so ra p id  in  a c t i o n .  I t  'vas found in  

s-the ex p er im en ts  made by i n j e c t i n g  a h a e m c l y t i c  serum i n t o  a n im a ls  

to  produce anaemia (Muir and McîÎ8e,1912) , ’̂ ^hich have been d e a l t  w i t h  

i n  a n o th e r  p a r t  o f  t h i s  t h e s i s , t h a t  h a e m o g lo b in u r la  o n ly  o c c u r s  when 

t h e  h a e m o ly s i s  has  been  s e v e r e  and rap id  enough to  produce haemo-  

g lo b in a e m ia  o f  s u f f i c i e n t  i n t e n s i t y .  The term " th r e s h o ld  v a lu e "  

o f  th e  k id n e y s  has  been a p p l i e d  by American a u th o r s  ( P e a r c e ,  A u s t i n ,  

Krumbhaar, E i s e n b r s y , 1 9 1 2 ) , to  d e s i g n a t e  th e  p o in t  a t  which ,haem o-  

g lo b in a e m ia  b e i n g  i n t e n s e  en o u g h , th e  k id n e y s  e x c r e t e  th e  h a em o g lo b in .  

At any r a t e , i t  must be p o in te d  out  t h a t  where i n  Experiment 1 .  o f  

Minkowski and Eaunyn th e  b i r d  had i c t e r u s , a n d  o n ly  a t r a c e  o f  haemo­

g l o b i n  in  th e  u r i n e  b e f o r e  th e  o p e r a t i o n , and pure h a e m o g lo b in u r ia  

a f t e r  th e  o p e r a t i o n , t h e  a u th o r s  have n o t  c o n s id e r e d  s u f f i c i e n t l y  t h e  

c l o s e  r e l a t i o n s  o f  i c t e r u s  and h a e m o g lo b in u r ia .  The o p e r a t i o n  w -s  

Carried  out s i x  hours  a f t e r  th e  p o i s o n i n g , j u s t  t h e  t im e  when t h e
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o f  th.9 r c i  -'Cn h - a  rsach'?cl i t  r znaxijfiujri, To conc lu^ ?  d é f i n i  u - r y  

t h e r e f o r e ; t h a t  t h e  c o n v e r s i o n  o f  b i l i u r i a  i n t o  h a e m o g lo b in u r ia  w%e a 

r e s u l t  o f  t h e  l i v e r  e x t i r p a t i c n ^ i s  n o t h i n  cur  view^ ad m iss a b l e .

Apart from t h e s e  c o n s i d e r a t i o n s , ^ h i o h  o n ly  have to  do w i t h  t h e  ex ­

p l a n a t i o n  o f  v a r i o u s  p o i n t s  i n  t h e  e x p e r im e n ts  , I  have as  a r e s u l t  o f  

my work a r r i v e d  a t  a s i m i l a r  c o n c l u s i o n  to t h a t  o f  Minkowski and 

Naunyn,namely .w i th o u t  th e  l i v e r  no marked i c t e r u s  can a r i s e ,  i n  th e  

g o o s e . I have  ptit i t  no marked i c t e r u s , - t h e  p r e v i o u s  a u t h o r s , n o  

i c t e r u s  a t  a l l .

But doe-  t h i s  c o n c l u s i o n  i n  any way s o l v e  th e  problem o f  haemo-  

l y t i c  i c t e r u s ?  I t h in k  n o t , f o r  t h e  q u e s t i o n  a t  once a r i s e s  as  to  

what hap ens i n  th e  g o o s e  l i v e r  dur ing  th e  p r o d u c t io n  o f  t h e  i c t e r u s .  

What e lem en ts  i n  t h e  l i v e r  have  to  do w i t h  t h e  p r o c e s s ?  I s  i t  th e  

l i v e r  c e l l s  a l o n e , o r  o t h e r  c e l l s  e n c l o s e d  w i t h i n  th e  l i v e r  t i s s u e ?

"For t h i s  part  o f  my r e s e a r c h  th e  h i s t o l o g i c a l  a p p earan ces  found i n  the. 

c o n t r o l  g e e s e , a f t e r  i n h a l a t i o n  o f  AsH^^are o f  t h e  g r e a t e s t  im p o rta n ce .

B e f o r e , h o w e v e r , t h e  q u e s t i o n  o f  what e l e m e n ts  are  con cern ed  i n  th e  

p r o d u c t io n  o f  i c t e r u s  in  th e  l i v e r s  o f  g e e s e  co u ld  be  a p p ro a c h e d ,a  

s tu d y  was made o f  th e  h i s t o l o g y  o f  th e  normal g o o s e  l i v e r .  The 

l i v e r s  o f  s i x  normal g e e s e ,w h i c h  had been  removed b e f o r e  t h e  po ison- '  

in g  (as was done i n  th e  e a r l y  but  a b o r t i v e  e x p e r i m e n t s ) , a n d  o f  two 

normal p i g e o n s ,w e r e  examined.  The c h i e f  i n t e r e s t  c e n t r e s  on th e  

s o - c a l l e d  c e l l s  o f  v ,  K u p ffer  ( l ‘S ^ ^ ) , t h 8 "Kupfferschen S t e r n z e l l e n "  

o f  German a u t h o r s ,w h ic h  i n  b i r d s  are  v e r y  r e a d i l y  r e c o g n i s a b l e  a s  

e n d o t h e l i a l  c e l l s  l i n i n g  th e  b lo o d  c a p i l l a r i e s ,  . In t h e i r  number 

and s i z e  t h e s e  c e l l s  a r e  q u i t e  d i f f e r e n t  i n  b i r d s  from what i s  f^und 

in  m a n ,d o g s ,o r  r a b b i t s .  I t  was found t h a t  n o rm a llv  t h e s e  . l iu p f fer
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show a v er y  marked d i f f u s e  i r o n  r e a c t i o n .  ( s e e  E l g . 3 ) .  In  the^e  

c e l l s  red c o r p u s c l e s , o r  t h e i r  n u c l e a r  remnants ( the  e r y t h r o c y t e s  : r e  

o f  c o u r s e  n u c l e a t e d  in  b i r d s ) , a r e  found n o r m a l ly  e n c l o s e d , b u t  p i g -  

ment was n ev er  s e e n  i n  t h e i r  p r o to p la s m .  Thus th e  b lo o d  c o r p u s c l e -  

c o n t a in i n g  c e l l s  d e s c r i b e d  by  Minkowski and Haunyn (1885) a s  th e  

r e s u l t  o f  p o i s o n i n g  w i t h  AsH3 ,and which w ere  s u b s e q u e n t l y  by v a r i o u s ,  

authors  (Lowit ,(1889),e t c , ) i d e n t i f i e d  w i t h  th e  c e l l s  f i r s t  d e s c r i b e d  

by V. K u p f f e r ,n o r m a l ly  in  t h e  g o o s e  l i v e r  e n c l o s e  e r y t h r o c y t e ? .

The i n t e n s e  i r o n  r e a c t i o n  i n  t h e s e  K u p ffer  c e l l s  in  th e  normal liver 
o f  geese p roves  th e  e x i s t e n c e  i n  them of a v e ry  s p e c i a l  i r o n  meta­

b o l i s m ,w h ic h  has  a p p a r e n t ly  up till now escap ed  r e c o g n i t i o n .  I t  , 

seems c l e a r  t h a t  in  t h e  g o o s e  red c o r p u s c l e s  a r e , u n d e r  normal c ircum ­

s t a n c e s , t a k e n  up by t h e s e  c e l l s , a n d  th e  i r o n  p o r t i o n  o f  the haemo­

g l o b i n  m o le c u le  i s  s p l i t  o f f  and r e t a i n e d , a t  f i r s t  a t  l e a s t , i n  t h e  

c e l l  p ro to p la sm .  What happens to  t h e  i r o n - f r e e  pigment p o r t i o n ,  

whether it becomes th e  b i l i v e r d i n  o f  the  b i l e  d i r e c t l y , o r  o n ly  a f t e r  

f u r t h e r  change ,m ust  as y e t  remain unanswered.  ■ One t h i n g  a t  any r a t e  

i s  c e r t a i n , t h a t  t h i s  i r o n - f r e e  pigment p o r t i o n  i s  a t  once shed out  

from t h e  K u p ffer  c e l l s , f o r  i n  t h e  normal l i v e r  no t r a c e  o f  p igment

Was eVer seen  i n  t h e s e  c e l l s .

With t h e s e  o b s e r v a t i o n s  on t h e  normal h i s t o l o g y  and p h y s i o l o g y  o f  

th e  g o o s e  l i v e r / w e  can turn  much b e t t e r  prepared  to  c o n s i d e r  th e  

s t r u c t u r e  o f  th e  l i v e r  in  i c t e r u s .  The ap p earan ces  o b t a in e d  i n  

Experiments  VI.  and "̂ 711. are  i d e n t i c a l ,and o f  g r e a t  i n t e r e s t .  The 

changes  h er e  a g a in  a f f e c t  e s s e n t i a l l y  th e  K u p ffer  c e l l s , a n d  are  ^ e l l  

shown i n  E ig .k^and  E i g . 5 .  , These c e l l s  a r e  o b v i o u s l y  much i n c r e a s e d
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above th e  normal i n  number,and i n  many p l a c e s  b l o c k  c o m p l e t e l y  th e  

widened b lo o d  c a p i l l a r i e s .  The c e n t r a l  v e n u l e s  o f  t h e  l i v e r  l o b u l e s  

and th e  bran ch es  o f  th e  h e p a t i c  v e i n  a r e  a l s o  f i l l e d  up w i t h  t h e s e  

c e l l s , w h i c h  a r e  r e a d i l y  i d e n t i f i e d  by t h e  b e a u t i f u l  r e a c t i o n  f o r  i r o n  

which th e y  g i v e .  In th e  b lo o d  o f  th e  r i g h t  s i d e  o f  th e  h e a r t ,and i n  

th e  c a p i l l a r i e s  o f  th e  l u n g s , l a r g e  numbers o f  t h e s e  c e l l s  a r e  found .  

This  shows t h a t  not  o n l y  do t h e s e  c e l l s  m u l t i p l y  in  t h e  l i v e r  c a p i l l ­

a r i e s , b u t  t h e y  become d e t a c h e d , e n t e r  t h e  c i r c u l a t i n g  b lo o d  by th e  

i n f e r i o r  vena ca v a ,a n d  f i n a l l y  s t i c k  in  t h e  c a p i l l a r i e s  o f  t h e  l u n g s ,  

( s e e  E i g . 6 ) ,  This  e x t r a o r d i n a r y  desquam at ion  o f  e n d o t h e l i a l  c e l l s  

o f  the  l i v e r  c a p i l l a r i e s  and t h e i r  coming to  r e s t  i n  t h e  lung  c a p i l l ­

a r i e s  has  a, p a r a l l e l  i n  t h e  o b s e r v a t i o n s  o f  A s c h o f f  and Kiyono (1913)  

in  animals  i n j e c t e d  w i t h  carm ine .  I t  i s  o f  c o u r s e  w e l l  known t h a t  

the  e n d o t h e l i a l  c e l l s  o f  th e  l i v e r  and th e  e n d o t h e l i a l  c e l l s  o f  th e  

s p le e n  and bone marrow a l l  t a k e  up r e a d i l y  i n j e c t e d  s t a i n s ,  A s c h o f f  

and Kiycno showed t h a t  many o f  t h e s e  e n d o t h e l i a l  c e l l s  c o n t a i n i n g  

carmine become d e t a c h e d , c i r c u l a t e  in  th e  b lo o d  and form a p a r t  o f  t h e  

l a r g e  mononuclear c e l l s  o f  th e  b l o o d .  They a l s o  found numbers o f  

th e  c e l l s  c o n t a i n i n g  carmine i n  t h e  lung  c a p i l l a r i e s , a n d  m o s t . o f  them 

d i e  t h e r e .  These changes  are  q u i t e  a n a lo g o u s  w i t h  what I have  found  

i n  my own e x p e r im e n ts .

The c o n t e n t s  o f  th e  K u p ffer  c e l l s  i n  my e x p e r i m e n t s ,w h e th er  t h e y  

remain a t t a c h e d  to  the  c a p i l l a r y  w a l l  or  w h eth er  t h e y  c i r c u l a t e  f r e e  

i n  th e  b l o o d , i s  th e  s a m e ,n a m e ly , la r g e  numbers o f  red b lo o d  c o r p u s c l e s  

in  a l l  s t a g e s  o f  d e g e n e r a t i o n .  Some o f  t h e s e  red c o r p u s c l e s  s t a i n  

q u i t e  n o r m a l ly ,b u t  f r e q u e n t l y  s im p ly  t h e  o v a l  n u c le u s  surrounded by  

a c l e a r  h a lo  remains.  Large q u a n t i t i e s  o f  y e l l o w  and y e l l o w i s h -
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green  pigment are  a l s o  found in  t h e  c e l l s , o b v i o u s l y  t h e  product  o f  

red c e l l  d e g e n e r a t i o n .  Some o f  t h i s  pigment was o f  so marked a 

g reen  c o l o u r  as to  s u g g e s t  b i l i v e r d i n ,but  t h i s  c o u ld  n o t  b e  proved  

c h e m i c a l l y .  The c e l l  p ro to p la sm  has  a d i f f u s e  i r o n  r e a c t i o n , j u s t  a? 

i s  found n o r m a l ly ,b u t  h a s m o s id e r in  i s  p r e s e n t  as  w e l l  i n  t h e  form o f  

l a r g e  and s m a l l  d r o p l e t s  or  g r a n u l e s , c o l o u r e d  deep  b l u e  w i t h  p o ta ss iu m  

f e r r o c y a n i d e  and d i l u t e  HCl,and b l a c k  w i t h  emmonium s u l p h i d e .  Drop­

l e t s  o f  haernosiderin  a r e  a l s o  found f r e e  in  t h e  c a p i l l a r i e s  and i n  

th e  branches  o f  th e  h e p a t i c  v e i n s .  These  a r e  o b v i o u s l y  e i t h e r  de­

r iv e d  from broken-down e n d o t h e l i a l  c e l l s , o r  perhaps a r e  s e t  f r e e  i n  

t h e  c i r c u l a t i n g  b l o o d .

In th e  l i v e r  c e l l s  t h e m s e lv e s  haernosider in  was a l s o  p r e s e n t , b u t  i n  

c o m p a r a t iv e ly  s m a l l  amount,and o n ly  i n  t h e  form o f  s m a l l  g r a n u l e s .

B i l e  i t s e l f  was o n ly  found i n  s c a n t y  b i l e  c a p i l l a r i e s , a n d  more f r e ­

q u e n t ly  in  t h e  b i l e  d u c t s  i n  th e  form o f  dark g r e en  m a s s e s .

The e x p l a n a t i o n  o f  t h e s e  changes  must now be  c o n s i d e r e d .  The 

g o o s e ' s  l i v e r  3eerr;S to  be u n d o u b ted ly  a d o u b le  o r g a n , c o n s i s t i n g  o f  

th e  s p e c i f i c  l i v e r  c e l l s , a n d  o f  th e  c e l l s  o f  v .  K u - f f e r , w h i c h , b e c a u s e  

o f  t h e i r  i d e n t i c a l  c h a r a c t e r s  w i t h  th e  e n d o t h e l i a l  c e l l s  o f  t h e  s p l e e n  

and th e  c e l l s  o f  t h e  s p l e n i c  pulp,miay be  a lm o st  d e s c r i b e d  as  a s p l e n i c  

t i s s u e  e n c l o s e d  w i t h i n  th e  l i v e r .  At any r a t e , b y  v ie w in g  th e

q u e s t i o n  i n  t h i s  way a much b e t t e r  i d e a  i s  g iv e n  o f  th e  c l o s e  r e ­

l a t i o n s h i p  betw een  s p l e e n  and l i v e r  in  g e e s e .  The K u p ffer  c e l l s  

seem to  have^a s p e c i a l  f u n c t i o n  ,to do w i t h  i r o n  m e ta b o l i sm .  The 

i r o n  r o r t i o n  o f  t h e  haemoglobin  o f  th e  b lo o d  c o r p u s c l e s  i s  rem oved ,

and h e l d  f i r m l y  i n  t h e s e  c e l l s .  What happens to  th e  i r o n - f r e e  p i g ­

ment p o r t io n  o f  the  haemoglobin  i s  f o r  h a e m c ly t i c  i c t e r u s  th e
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im p ortan t  q u e s t i o n .  T h is  q u e s t i o n  r e q u i r e s  to  be  anewered f o r  nor-  

mal c o n d i t i o n s  a s  w e l l , w h e r e  t h e  c e l l s  have a s i m i l a r  f u n c t i o n  i n  

i r o n  m eta b o l i sm .  The changes  in d u ced  by t h e  AsHy are  o f  c o u r s e  

m e r e ly  a g r e a t  e x a g g e r a t i o n  o f  t h e  normal.  E i t h e r  t h i s  i r o n - f r e e  

p o r t io n  o f  haem oglob in  must be  ex tru d ed  from t h e  K u p ffer  c e l l s  a s  th e  

f i n i s h e d  product  b i l i v e r d i n , or  e l s e  a s  some i n t e r m e d i a t e  compound 

which  i s  so f a r  unknown. I f  t h e  i r o n - f r e e  p o r t i o n  i s  ex truded  as  

b i l i v e r d i n , t h e n , s i n c e  so many o f  t h e s e  c e l l s  o v e r f l o w  i n t o  th e  b lo o d  

s t r e a m , b i l i v e r d i n  must be  s e t  f r e e  i n  t h e  b l o o d .  I f  t h i s  o c c u r s ,  

then i s  produced a t r u e  h a e m c l y t i c  i c t e r u s , w i t h  which on ly  t h e s e  

e n d o t h e l i a l  c e l l s , a n d  not  th e  l i v e r  c e l l s  a r e  co n ce rn ed .  I f  t h e  

i r o n - f r e e  p o r t i o n  i s  s e t  f r e e  a s  some i n t e r m e d i a t e  p r o d u c t , t h e n  t h i s  

in t e r m e d i a t e  body may perhaps h ave  to p ass  through  t h e  l i v e r  c e l l s  

b e f o r e  i t  becomes t r u e  b i l i v e r d i n .  Such a  p o s s i b i l i t y  cannot  be  

d i s m i s s e d ,a n d  i f  t h i s  i s  what h a p p e n s , th e n  t h e r e  can be  no t r u e  

h a e m c ly t i c  i c t e r u s  w i t h o u t  th e  i n t e r v e n t i o n  o f  t h e  l i v e r  c e l l s .  In  

th e  l a t t e r  c a s e  t h e  q u e s t i o n , o f  c o u r s e ,w o u ld  s t i l l  remain how th e  

b i l e , produced by t h e  l i v e r  c e l l s  i n  e x c e s s , f i n d s  i t s  way back  i n t o  

th e  b l o o d .  The v iew s  i f  S tade lm ann,  Minkowski ,  E p p in g er ,  e t c . , on 

th e  q u e s t i o n  have b een  a l r e a d y  r e f e r r e d  t o .  The work o f  O gata ,  

h ow ever ,h as  shown t h a t  i n  c a s e s  o f  t o x i c  i c t e r u s  s t a s i s  o f  th e  b i l e  

i n  th e  f i n e r  b i l e  c a p i l l a r i e s  d o e s  not  e x i s t , f o r  in  many such c a s e s  

w it h  marked j a u n d i c e ,n o  w iden ing  o f  th e  b i l e  c a p i l l a r i e s , w h i c h  would  

speak f o r  o b s t r u c t i o n , c a n  be dem on stra ted  a t  a l l ,

I  have c a r r i e d  out e x p er im en ts  in  dogs which were p o iso n e d  w i t h  

tc lu y len d ia m i in  ,and i n  which a marked j a u n d ic e  was produced,and in  

o t h e r  dogs  where th e  common b i l e  duct  was t i e d  to  b r i n g  about
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o b s t r u c t i v e  j a u n d i c e .  The appearances  o f  th e  b i l e  d u c t  are  w e l l  

shewn i n  E i g , 2 .  In th e  one c a s e  ( o b s t r u c t i v e )  th e  d i l a t a t i o n  o f  t h e  

b i l e  d u c t s  i s  v er y  marked,whereas  i n  th e  h a e m c l y t i c  i c t e r u s  induced  

by t o lu y l e n d i a m i n  th e  w idening  i s  minimal  in  d e g r e e .

Erom. th e  f i n d i n g s  i n  my ex p er im en ts  th e  c o n c l u s i o n  has  been  a r r i v e d  

a t  t h a t  i t  i s  not  t h e  rem.oVal o f  th e  l i v e r  c e l l s  t h e m s e l v e s ,but  th e  

removal  a t  t h e  same t im e  o f  th e  t i s s u e  s i m i l a r  i n  f u n c t i o n  to  th e  

s p l e e n  but  e n c l o s e d  i n  th e  l i v e r ,  i . e .  th e  c e l l s  o f  v ,  K u p f f e r , t h a t  

l e a d s  to  th e  p ro d u c t io n  o f  no j a u n d i c e , o r  o n ly  a s l i g h t  o n e ,when th e  

l i v e r  has  been  removed,

Eor t h e  o c cu rr e n c e  o f  ja u n d ic e  a f t e r  p o i s o n in g  normal b i r d s , a n d  

f o r  th e  p r e s e n c e  o f  a weak jaiundice a f t e r  t h e  removal o f  th e  l i v e r  i n  

some o f  th e  e x p e r i m e n t s , t h e  a c t i o n  o f  th e  s p l e e n  and bene marrow can” 

not o f  c o u r s e  be  ig n o r e d .  These t i s s u e s  n o rm a l ly  show t h e  seme r e ­

a c t i o n  f o r  i r o n  i n  e n d o t h e l i a l  c e l l s  to  what i s  found in  th e  l i v e r .

In Experim ents  VI. and V l l ,  th e  e n d o t h e l i a l  c e l l s  o f  th e  s p l e e n  ware  

packed w i t h  red c o r p u s c l e s  i n  a i l  s t a g e s  o f  d i s i n t e g r a t i o n .  These  

c e l l s  g i v e  a marked haernosiderin  r e a c t i o n ,a n d  pigment m asses  e x a c t l y  

s i m i l a r  to  t h o s e  i n  the  K upffer  c e l l s  o f  t h e  l i v e r  were p r e s e n t  i n  

abundance.

The q u e s t i o n  may be asked,how i t  i s  t h a t  t h e  a c t i v i t y  o f  th e  

s p l e e n  and bone marrow g i v e s  r i s e  t O i n o , o r  m e re ly  a v er y  w e a k , i c t e r u s  

when a g o o s e  i s  p o iso n ed  a f t e r  ternoval o f  th e  l i v e r .  I t  i s  a f a c t  

t h a t  th e  s p le e n  o f  b i r d s , a t  l e a s t  o f  a l l  t h o s e  o b se rved  by rn e , i s  ex ­

t r e m e ly  sm a l l  i n  comparison w i th  th e  s p l e e n  o f  h i g h e r  a n im a l s .

When compared w i th  th e  r e l a t i v e l y  enormous c a p i l l a r y  system  o f  th e  

l i v e r  i t  i s  e v i d e n t  'that the  s p l e e n  i n  b i r d s  can have comparâti v e l v
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l i t t l e  to  do w i t h  t h e  b r e a k in g  down o f  h a em o g lo b in .  The bone marrow

i n  b i r d s  i s  a l s o  e x tr e m e ly  f a t t y .  klien one t h in k s  t h a t  even th e  r e ­

l a t i v e l y  huge l i v e r  o f  t h e  g o o s e  must f u n c t i o n a t e  f o r  some t im e  

-a b o u t  f o u r  hours  on th e  a v e r a g e -  b e f o r e  s u f f i c i e n t  b i l e  can be  

p r e s e n t  in  th e  b lo o d  to  l e a d  to  i t s  appearance  in  th e  u r i n e , i t  i s  i n  

no way e x t r a o r d in a r y  t h a t  f o l l o w i n g  removal o f  th e  l i v e r , t h e  s p l e e n  

and bone m arrow,because  o f  t h e i r  sm a l l  s i z e , s h o u l d  be  u n ab le  i n  the  

s i x  or e i g h t  hours  which th e  g o o s e  l i v e s  to  produce s u f f i c i e n t  b i l e  

to  be r e c o g n i s a b l e  as  such in  t h e  b lo o d  or u r i n e .  At any r a t e , t h e  

n e g a t i v e  f i n d i n g s  o f  Minkowski and Haunyn in  th e  b lo o d  o f  t h e i r  

animals  can be  r e a d i l y  e x p la in e d  by t h e  s h o r t n e s s  o f  th e  t im e  o f  th e  

exper im ent .  The q u e s t i o n  o f  h a e m c l y t i c  i c t e r u s  co u ld  be  much more 

e a s i l y  s o lv e d  i f  l i v e r  e x t i r p a t i o n  ex p er im en ts  c o u ld  be  c a r r i e d  out  

in  an imals  ouch as  d o g s , e t c . ,where th e  s p l e e n  i s  o f  such s i z e  as  to  

be o f  marked importance  f o r  i r o n  mietabo 1 i sm , and where th e  bone marrow 

i s  a very  c o n s i d e r a b l e  organ.  Here t h e s e  two organs  c o u ld  probab ly  

produce a h a e m c ly t i c  i c t e r u s  on th e  b a s i s  o f  th e  above t h e o r y ,o w in g  

to t h e i r  g r e a t e r  b u l k .

COHCLUSIOITS.

Although th e  above exp er im en ts  g i v e  no p o s i t i v e  p r o o f  o f  t h e  ex­

i s t e n c e  o f  a t r u e  h a e m c ly t i c  i c t e r u s  a p a r t  from: t h e  l i v e r  c e l l s , y e t  

from a r e p e t i t i o n  o f  th e  ex p er im en ts  o f  Minkowski and Haunyn,the  

f o l l o w i n g  c o n c l u s i o n s  can be drs.-'n;-

1,  There i s  no doubt a t  a l l  t h a t  a f t e r  removal o f  th e  l i v e r , i n  

g e e s e  p o iso n ed  w i t h  AsH3 ,no marked i c t e r u s  o c c u r s .

The weak i c t e r u s  which occurred  in  some o f  my exp er im en ts  a f t e r
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removal o f  t h e  l i v e r , m u s t  depend e i t h e r  on th e  f u n c t i o n a l  a c t i v i t y  o f  

th e  s p le e n  and hone marrow,or on c o n t in u e d  a c t i v i t y  o f  a s m a l l  p i e c e  

o f  l i v e r  t i s s u e  l e f t  b eh ind  th e  vena ca v a .

2,  The reason  why no marked i c t e r u s  f o l l o w s  e x t i r p a t i o n  o f  t h e  l i v e i  

i s  n o t  t h a t  t h e  l i v e r  c e l l s  have been  removed,but  depends upon th e  

removal  o f  t h e  t i s s u e  e n c l o s e d  w i t h i n  th e  l i v e r , n a m e l y , t h e  e n d o t h e l ­

i a l  c e l l s  o f  V. Eu o f f e r .  These c e l l s  & a v e ,a t  any r a t e , to  do w i t h  

t h e  f i r s t  phase i n  t h e  p ro d u c t io n  o f  b i l e , s i n c e  t h e y  s p l i t  o f f  and 

t e t a i n  th e  i r o n  p ar t  o f  haem oglobin  m o le c u le ,a n d  s e t  f r e e  t h e  pigment  

p o r t i o n ,

3, N e i t h e r  from th e  ex p er im en ts  o f  Minkowski and Na.unyn,nor from my 

own,may a d e f i n i t e  c o n c l u s i o n  be drawn t h a t  a t r u e  h a e m o ly t i c  i c t e r u s  

i s  i m p o s s i b l e .  On th e  c o n t r a r y , t h e  h i s t o l o g i c a l  a p p e a r a n c e s , e s p e c ­

i a l l y  th e  p r o l i f e r a t i o n  and desquamation o f  th e  K u p ffer  c e l l s , t h e i r  

c i r c u l a t i o n  in  t h e  b lo o d  s tream ,and  t h e i r  d e s t r u c t i o n  t h e r e , s p e a k  

s t r o n g l y  in  fa v o u r  o f  t b s  o c c u r r e n c e  o f  an i c t e r u s  q u i t e  a p a r t  from 

any a c t i o n  o f  th e  l i v e r  c e l l s ,   ̂ The argument t h a t  when th e  l i v e r  i s  

removed, th e  homologous e n d o t h e l i a l  c e l l s  in  th e  s p l e e n  and bone  

miarrow do n ot  ta k e  up t h e  w o r k , i s  met by t h e  f a c t  o f  th e  extreme  

s m a l ln e s s  o f  t h e s e  l a t t e r  organs  in  b i r d s , a n d  t h e  s h o r t  d u r a t io n  o f  

th e  experim-ent,

4, An im portant  q u e s t i o n  i s  how f a r  t h e s e  c o n c l u s i o n s , a r r i v e d  a t  by 

exper im ents  on g e e s e , c a n  be a p p l i e d  to human p a th o lo g y .  My exp er­

im ents  c e r t a i n l y  show t h a t  th e  s t r u c t u r e  o f  th e  l i v e r  i n  b i r d s  i s  

d i f f e r e n t  from th a t  in  h i g h e r  a n i m a l s , Q uite  apart  from th e  r e l a t ­

i v e  d i f f e r e n c e  i n  s i z e  o f  th e  organ in  b i r d s , t h e r e  i s  in  them a v e r y  

s p e c i a l  i r o n  metaboli&m in  t h e  l i v e r ,w i t h  which not  th e  l i v e r  c e l l s ,
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but t h e  e n d o t h e l i a l  c e l l s  l i n i n g  t h e  v a s c u l a r  c a p i l l a r i e s ,have to  d c ,
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EXEERIimTS ON DOGS klTH TOlUYLl'lTDIAMIN.

To compare i n  t h e  l i g h t  o f  t h e s e  exper im ents  on g e e s e  th e  

a ppearances  produced i n  h a e m o ly t i c  i c t e r u s  i n  t h e  h i g h e r  a n i m a l s , 

d o ss  were o o i so n ed  w i t h  t o l u y l e n d i a m i n  (S tad e lm an n ,A fan na83 iew , e t c , )  

to  b r in g  about j a u n d i c e .

Experiment 1 . Dog 2 , w e ig h t  22 k i l o s .

On 1 6 t h , 2 0 t h , 2 2 n d , 2 5 t h , a n d  29th N ovem ber,the  dog r e c e i v e d  r e s p e c t ­

i v e l y  0 . 4 ,  0 . 7 ,  1 . 0  grms. t o lu y l e n d i a m i n  p^r q s ,a n d  0 . 7 5 , and 

1 , 0  grms. s u b c u t a n e o u s ly .  From 1 7 th  November u n t i l  t h e  animal  

was k i l l e d  on 6 t h  D ec e m b er ,n in e te e n  days  i n  a l l , t h e  animal  had 

c o n s t a n t l y  j a u n d ic e  and b i l i u r i a , t h e  y e l l o w n e s s  o f  th e  c o n j u n c t i v a s  

and the  amount o f  b i l e  v a r y in g  w i t h  th e  d o se  o f  th e  drug g i v e n .

The dog l o s t . w e i g h t , a n d  at death weighed o n ly  18 k i l o s .

Post-mortem. Only t h e  l i v e r  showed th e  j a u n d i c e  m & c r o s c o p ic a l ly  

b e i n g  y e l l o w i s h  brown i n  c o l o u r , v e r y  g r e a s y ,a n d  o b v i o u s l y  very  

f a t t y .  S p leen  f ir??,and dark b l u e  i n  c o l o u r .  The l i v e r  and 

s p le e n  b o th  gave  a s l i g h t  haernosiderin r e a c t i o n , t h e  k id n ey s  none.  

Bone m.arro'!' v e ry  red throughout  th e  whole  s h a f t  o f  t h e  femur.  

M i c r o s c o p i c a l l y , t h e  l i v e r  showed a marked i c t e r u s , e s p e c i a l l y  seen  

in  th e  c e n t r a l  part  o f  th e  l o b u l e s .  B i l e  was p r e s e n t  m a in ly  

e n c lo s e d  i n  t h e  K u p ffer  c e l l s , b o t h  as  dark green  d r o p l e t s  and as  

rod,  ̂ , probably  i d e n t i c a l  w i t h  the  Gallenthromben d e s c r i b e d  by  

Eppinger, A few o f  t h e s e  dark green  rods were found l y i n g  f r e e  

in th e  b i l e  c a p i l l a r i e s , b u t  most were i n s i d e  th e  e n d o t h e l i a l  c e l l s .  

B i l e  Was a l s o  p r e s e n t  i n  the  l i v e r  c e l l s  t h e m s e l v e s , e s p e c i a l l y
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n ear  th e  c e n t r e  o f  th e  l o b u l e s , i n  th e  forrri o f  v e ry  f i n e  green gran­

u l e s .  In f i l m s  iria.de by b r e a k in g  up s m a l l  p i e c e s  o f  l i v e r  t i s s u e ,  

and s t a i n e d  b y  Giemsa’ s s t a i n , th e  s o - c a l l e d  Gallenthromben o f  

Eppinger  s to o d  out  v e r y  c l e a r l y  as dark green  rod s ,som e  shewing

d i s t i n c t  b i f u r c a t i o n .  The f i n e  green  g r a n u le s  o f  b i l e  in  th e
'

l i v e r  c e l l s  t h e m s e lv e s  were a l s o  w e l l  s een  by t h i s  method. In  

s e c t i o n s  o f  l i v e r  s t a i n e d  f o r  i r o n , t h e  K u p f f e r  c e l l s , w h i c h  a r e  

n o t  n e a r l y  so numierous as  i n  g e e s e , p r a c t i c a l l y  a l l  gave  a marked 

d i f f u s e  haernosiderin  r e a c t i o n .  Many red b l o o d  c o r p u s c l e s  in  a l l  

s t a g e s  o f  d i s i n t e g r a t i o n  were seen  i n s i d e  th e  e n d o t h e l i a l  c e l l s ,  

w h i l e  i n  some o f  them b i l e  , d i s i n t e g 1ra t ing  red c o r p u s c l e s , a n d  a 

d i f f u s e  haernosiderin  r e a c t i o n  o f  th e  protop lasm  were p r e s e n t  t o ­

g e t h e r .

In  s e c t i o n s  s t a i n e d  b y  Epodnger's  m e th o d , to  show th e  b i l e  c a p ­

i l l a r i e s , h a r d ly  a t r a c e  o f  w iden ing  o f  th e  c a p i l l a r i e s  c o u l d  b e  

made o u t ,  Eor comparison th e  common b i l e  duct  o f  a n o th e r  dog 

was l i g a t u r e d , and a n  o b s t r u c t e d ve i c t e r u s  in d u ced .  The two  

appearances  a r e  s e e n  s i d e  by s i d e  in  E ig .& ,an d  have a l r e a d y  been  

r e f e r r e d  t o .

The s p l e e n  s h o w e d  m a r k e d  c o n g e s t i o n , a l l  t h e  s i n u s e s  b e in g  f i l l e d  

w i t h  e r y t h r o c y t e s .  Marked p h a g o c y t o s i s  o f  r e d  c o r p u s c l e s  b y  

l a r g e  c e l l s  was p r e s e n t , a n d  a l a r g e  amount o f  p i g m e n t , p a r t l y  i n t r a ­

c e l l u l a r  b u t  c h i e f l y  e x t r a - c e l l u l a r , in  t h e  form o f  i r r e g u l a r  

golden-brown m a s s e s , a l l  g i v i n g  a haernosiderin  r e a c t i o n , w a s  s e e n .

In some o f  th e  l a r g e  c e l l s  d i s i n t e g r a t i n g  r e d  c o r p u s c l e s  a n d  

h a e r n o s i d e r i n  w e r e  p r e s e n t  t o g e t h e r , b u t  no b i l e  w ;s  obser^^ed.

The 1pm.ph glands' showed marked p h a g o c y t o s i s  o f  red c o r p u s c l e s
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by l a r g e  c e l l s , i n  th e  l o e s s  c e n t r a l  p a r t s  o f  th e  g la n d a .  In  

c e r t a i n  g l a n d s , e s p e c i a l l y  t h o s e  l y i n g  a lo n g  th e  s p i n a l  co lu m n ,th e  

p h a g o c y t o s i s  o f  red c e l l s  was q u i t e  as  marked as  i n  t h e  s p l e e n .  

These c e l l s  gave a g a in  a d e f i n i t e  i ro n  r e a c t i o n .

Eilms o f  hone marrow showed f a i r l y  numerous l a r g e  p a l e - s t a i n i n g  

c e l l s  (Giemsa's  s t a i n )  c o n t a i n i n g  d r o p l e t s  o f  g reen  b i l e , a n d  brown­

i s h  pigment and remnants o f  red c o r p u s c l e s  were a l s o  found i n  t h e s e  

c e l l s .  The r e a c t i o n  f o r  i r o n  -'-'as n o t  a p p l i e d  h e r e .

The k id n e y s  gave no h .-em cs ider in  r e a c t i o n , th e  o n l 3r changes  

n o t i c e d  b e in g  th e  p r e s e n c e  o f  f i n e  g r a n u le s  o f  b i l e  in  c e l l s  o f  

th e  c o n v o lu te d  t u b u l e s  o f  t h e  c o r t e x .

Experiment 11 .  Small d o g ,w e ig h t  9 ,9 5 0  grms.

1 grm. o f  t o lu y le n d ia m in  was i n j e c t e d  s u b c u t a n e o u s ly i  n e x t  day  

t h e r e  was v e r y  marked j a u n d i c e , t h e  u r i n e  c o n t a i n i n g  abundant b i l e  

but no h aem oglob in .  The c o n j u n c t i v a ?  became deep y e l l o w  i n  c o l o u r ,  

and th e  animal  was i l l  and r e f u s e d  a l l  f o o d ,  E v e n ty -n in e  hours  

a f t e r  th e  i n j e c t i o n  t h e  dog w.r. 5 k i l l e d .

Post-mortem. A l l  th e  organs  were t in g e d  a deep y e l l o w .  Micro­

s c o p i c a l l y  th e  l i v e r  showed a v er y  s t r i k i n g  p i c t u r e .  I t  was ex­

t r em e ly  c o n g e s t e d , and a l l  th e  c a p i l l a r i e s  were s t u f f e d  f u l l  o f  

e r y t h r o c y t e s .  Very l i t t l e  b i l e  was found i n  th e  w hole  s e c t i o n ,  

and none a t  a l l  i n s i d e  l i v e r  c e l l s .  In  s c a n ty  and i r r e g u l a r  a r e a s  

a few narrow green  rods ’̂ ers s e en  in  th e  b i l e  c a p i l l a r i e s  , in  

s e c t i o n s  s t a i n e d  w i th  carmalum. The s c a r c i t y  o f  b i l e  pigment was 
r e a l l y  very  n o t e w o r t h y , c o n s i d e r i n g  th e  extreme d e g r ee  o f  j a u n d i c e .



In th e  e n d o t h e l i a l  K u p ffe r  o e l l a  numerous red. c o r p u s c l e s  were seen  

e n c l o s e d , b u t  t h e y  s t a i n e d  q u i t e  n o r m a l l y , and shewed no s i g n s  o f  

d i s i n t e g r a t i o n .  In  s e c t i o n s  s t a i n e d  f o r  i r o n  v er y  l i t t l e  was 

found .  In a few e n d o t h e l i a l  c e l l s , h o w e v e r , a  p o s i t i v e  r e s u l t  w^s 

o b t a i n e d , t h e  haernosiderin  forming a s i n g l e  d r o p l e t  about th e  s i z e  

o f  a red c o r p u s c l e .

In f i l m s  o f  th e  l i v e r  p u l p , s t a i n e d  b}0 G iemsa's  m ethod,no b i l e  

was found i n t r a c e l l u l a r l y , b u t  s m a l l  Gallenthromben were d e f i n i t e l y  

r e c o g n i s e d .  By t h i s  m eth od , too ,n u m erou s  n u c l e a t e d  red c o r p u s c l e s  

(ncrm ablas ts )  were seen  to  have been  c i r c u l a t i n g  i n  th e  b lo o d  o f  

th e  l i v e r , an e v id e n c e  o f  th e  anaemia 'vhich t o l y l e n d i a m i n  in d u c e s .

The s p le e n  s i n u s e s  were a l l  s t u f f e d  w i t h  red c o r p u s c l e s , w h i c h  

however s t a i n e d  q u i t e  n o r m a l ly .  There was c o n s i d e r a b l e  phago-  

c y # t o s i s  o f  e r y t h r o c y t e s , a s  in  th e  p r e v io u s  exp er im en t .

The lymph g la n d s  showed a l s o  v er y  c o n s i d e r a b l e  p h a g o c y t o s i s  in  

th e  s i n u s e s .  There was a c o n s i d e r a b l e  amount o f  p ig m e n t , c h i e f l y  

i n  th e  form o f  e x t r a - c e l l u l a r  m a ? s e s , and g i v i n g  th e  i r o n  r e a c t i o n .

Eilms o f  bone marrow s t a i n e d  by Giemsa's  s t a i n  showed no r e a l  

a b n o rm a l i ty .  Pigment was p r e s e n t  i n  a few c e l l s , b u t  t h i s  may be  

q u i t e  p h y s i o l o g i c a l .

The k id n ey s  showed r e a l l y  an e x t r a o r d i n a r y  e x c r e t i o n  o f  b i l e .  

The t u b u l e s  were i n  many a r ea s  f i l l e d  up w i t h  l a r g e  c a s t s  o f  

g o l d e n - y e l l o w  b i l e .  In th e  s e c r e t o r y  p o r t i o n  o f  th e  o r g a n , t h e  

c e l l s  were s t a i n e d  a deep and d i f f u s e  brown by th e  b i l e .

Experiment 1 1 1 . Small  d o g ,w e ig h t  3 ,5 0 0  grrri?.

0 . 7 5  grrr, o f  t o lu y le n d ia m in  '?a3 i n j e c t e d  s u b c u t a n e o u s ly ,a n d  t h e
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animal  was k i l l e d  f o u r ’ sen and a h a l f  hours  a f t e r  the i n j e c t i o n .  

B e f o r e  d ea th  a q u a n t i t y  o f  u r i n e  o f  l i g h t  brown c o l o u r , g i v i n g  a 

p o s i t i v e  t e s t  f o r  h i l e , w a ?  o b t a in e d .  No i c t e r u s  present in

t h e  c o n j u n c t i v a s .

Post-mortem. U rine  taken  from th e  b la d d e r  a f t e r  d e a th  was darker  

brown in  c o l o u r ,a n d  gave a marked r e a c t i o n  f o r  b i l e .  The t i s s u e s  

showed p r a c t i c a l l y  no t r a c e  o f  j a u n d i c e .  On c e n t r i f u g a l i s i n g  

th e  b lo o d  o b ta in e d  a t  death ,m arked  haem oglobinaem ia  was found to  

be p r e s e n t .

The l i v e r  s b r i g h t  red i n  c o l o u r ,a n d  m i c r o s c o p i c a l l y  showed 

extreme c o n g e s t i o n , th e  v a s c u l a r  c a p i l l a r i e s  b e in g  f i l l e d  w i th  red 

c o r p u s c l e s .  A few l a r g e  e n d o t h e l i a l  c e l l s  gave a d i s t i n c t  i r o n  

r e a c t i o n ,a n d  i n  them e r y t h r o c y t e s  and m asses  o f  pigment were found.

The s p l e e n  showed c o m p a r a t iv e ly ^ p h a g o c y to s i s  o f  red c e l l s .

The lymph g l a n d s , o n  th e  c o n t r a r y ,g a v e  e v id e n c e  o f  much phago-  

c y s t o s i s .

The k id n ey s  had no t r a c e  o f  j a u n d ic e ,a n d  no abnormal appearances  

were seen i n  them.

CONCLUSIONS;

The c h a r a c t e r s  o f  a h a e m o ly t i c  i c t e r u s  induced  by t o lu y l e n d i a m i n  

in  dogs are  n o t  i n  any e s s e n t i a l  f e a t u r e  d i f f e r e n t  from what we 

have observed  in  g e e s e  po isoned  by AsH^. The c h i e f  p o in t  o f  

d i f f e r e n c e  i s  t h a t  th e  s t r u c t u r e  o f  th e  dogs l i v e r  i s  d i f f e r e n t  

from th a t  o f  b i r d s .  In doge th e  e n d o t h e l i a l  K u p ffer  c e l l s  are  

much l e s s  numerous than i n  f o w l s , a n d  norm ally  g i v e  no i r o n  r e a c t i o n .  

Thus in  d o g s , a s  f a r  as p h a g o c y t o s i s  g o e s , t h e  l i v e r  d oes  not  seem.
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to  "be 30 d i r e c t l y  a s s o c i a t e d  w i t h  the i r o n  rre t -b o l i sm  as  i n  b i r d s .

I t  i s  l i k e l y , a s  hag been  s u g g e s t e d  a l r e a d y , t h a t  t h e  s p l e e n  in  h i g h e r  

an im als  has  taken  on t h i s  f u n c t i o n .  But in  t h e  i c t e r u s  induced  th e  

e n d o t h e l i a l  c e l l s  o f  t h e  dogs l i v e r  show q u i t e  s i m i l a r  changes  to  

t h o s e  found i n  g e e s e , n a m e l y , p h a g o c y t o s i s  o f  red c o r p u s c l e s ,d i s i n t e ­

g r a t i o n  o f  them,and t h e  appearance  o f  a haernosider in  r e a c t i o n  i n  th e  

c e l l  protop lasm .  The c e l l s  b e in g  much l e s s  n u m e r o u s , th e s e  f i n d i n g s  

are not  so prominent and r e a d i l y  r e c o g n i s a b l e .  In t h e  s p l e e n  th e  

changes  Sreen in  dogs  and g e s s e  d u r in g  t h e  i c t e r u s  a re a l s o  s i m i l a r ,  

but i t  has  been  s u f f i c i e n t l y  emphasised a l r e a d y  hO'^Auch l a r g e r  an 

organ the  s p l e e n  i s , c o m p a r a t i v e l y  s n e a k i n g , i n  th e  h i g h e r  a n im a ls  

than i n  b i r d s .  In t h e  lym p h at ic  g la n d s  o f  dogs th e  changes  a re  a l s o  

v e r y  marked,and o f  a ' s i m i l a r  n a tu r e  to t h o s e  found i n  the  s p l e e n .

In th e  g e e s e  i t  was g e n e r a l l y  a m a t t e r  o f  extreme d i f f i c u l t y  to  f i n d  

lymphatic  g la n d s  a t  a l l , a n d  h en ce  no o b s e r v a t i o n s  on them have been  

d e s c r i b e d .

Taking a l l  t h e s e  p o i n t s  i n t o  c o n s i d e r a t i o n , i t  seems q u i t e  probable  

t h a t ,w i t h ' m o d i f i c a t i o n s  depending on th e  d i f f e r e n t  importance  o f  t h e  

s p l e e n , a l l  t h a t  hr:S been  s u g g e s t e d  in  c o n n e c t i o n  w ith  th e  mode o f  

o r i g i n  o f  h a e m o ly t i c  i c t e r u s  as a resuljb o f  the  ex p er im en ts  on 

g e e s e , c a n  be a p p l i e d  to  h i g h e r  a n im a ls ,a n d  to  man.

Experiments  on dogs  by Whipple and Hooper ( 1 9 1 3 ) , which have o n ly  

r e c e n t l y  been p u b l i s h e d , s u p p o r t  the c o n c l u s i o n s  a r r i v e d  a t  i n  my 

experiment's v er y  c o n s i d e r a b l y .  A f t e r  i n j e c t i n g  haemoglobin  i n t o  

the  b lood  stream o f  dogs i n  which th e  l i v e r  had been c o m p le t e l y  

exc luded  from th e  c i r c u l a t i o n , t h e y  were a b l e  to  prove t h a t  part  o f  

the  f r e e  haemoglobin was r a p i d l y  changed i n t o  b i l e .  They made
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exp er im en ts  in  a d d i t i o n  on dogs i n  which t h e  b lo o d  waS o n l y  a l lo w e d  

to  c i r c u l a t e  i n  t h e  h e a d  and  t h o r a X j t h e  abdominal  c i r c u l a t i o n  b e in g  

c o m p le t e l y  s to p o ed  by c e r t a i n  s u r g i c a l  p r o c e d u r e s , s u c h  as  c lamping  

th e  a o r t a .  The dogs were kept  a l i v e  f o r  about  two hours  by  

a r t i f i c i a l  r e s p i r a t i o n , and in  t h r e e  cu t  o f  f o u r  such e x p e r i m e n t s ,  

haemoglobin i n j e c t e d  was p a r t l y  changed i n t o - b i l e .  To r e c o g n i s e  

b i l e  i n  t h e  serum th e y  used  th e  Huppert t e s t .  A lthough  th e y  g i v e  

no h i s t o l o g i c a l  d e t a i l s , t h e y  s u g g e s t  t h a t  th e  e n d o t h e l i a l  c e l l s  o f  

th e  b lood  v e s s e l s , b o n e  marrow,and m u sc le s ,m a y  have to  do w i t h  t h i s  

a l t e r a t i o n  o f  t h e  haem oglob in .  T h e ir  e x p e r i m e n t s ,when lo o k ed  a t  i n  

c o n n e c t io n  w i t h  th e  h i s t o l o g i c a l  changes  d e s c r i b e d  i n  my .fcwn ’ocrk,  

are o f  g r e a t  i n t e r e s t  and im p o rta n ce .
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DESCRIPTION OE EICURES.

E ig ,  1 , To shew th e  sm a l l  p i e c e  o f  l i v e r  t i s s u e  which must remain in  

c o n n e c t io n  w i t h  th e  w a l l  o f  th e  i n f e r i o r  vena c a v a , a f t e r  ex­

t i r p a t i o n  o f  th e  l i v e r ,  A . ,V en a  ca v a ;  B. and C . , S i t e  o f  

t h e  l i g a t u r e  round th e  stump. (x 8 )



E i g ,  2,  L i v e r  s t a i n e d  by E p p in g e r *3 method tO show th e  b i l e  cap­

i l l a r i e s ,  A , , T o lu y len d iam in  i c t e r u s  (peg 1 ) , w i t h  minimal  

d i l a t a t i o n  o f  t h e  c a p i l l a r i e s .  B . ,A f t e r  l i g a t u r e  o f  th e

common b i l e  duct  a number o f  days p r e v i o u s l y , showing t h e  

marked w id e n in g  which o cc u rs  i n  o b s t r u c t i v e  i c t e r u s .

(x 1000)

E ig .  3.  Normal g o o s e  l i v e r , s t a i n e d  f o r  i r o n  and c o u n t e r - s t a i n e d  w i t h  

carmalum. Shows e n d o t h e l i a l  c e l l s , a l l  g i v i n g  a marked i r o n  

r e a c t i o n ,most  numerous a t  th e  p er ip h e r y  o f  th e  l o b u l e ,

(x 80)

E ig .  4,  Goose l i v e r  a f t e r  ASH3 p o i s o n in g  (Experiment V l l , ) .  Shows 

e n d o t h e l i a l  c e l l s , a l l  g i v i n g  a. marked i r o n  r e a c t i o n ,  A 

branch  o f  t h e  h e p a t i c  v e i n  i s  cu t  in  s e c t i o n , a n d  i s  s e en  

f i l l e d  w i t h  desquamated e n d o t h e l i a l  c e l l s .  C o u n t e r - s t a i n ­

ed w i th  c aim alum, (x 80)

Eig ,  5 .  S i m i l a r  to  E i g .  4 , but  under h ig h  m a g n i f i c a t i o n .  The con­

t e n t s  o f  t h e  e n d o t h e l i a l  c e l l s  are  se en  to  be haernosiderin  

( d i f f u s e  and in  t h e  form o f  d r o p l e t s ) , e r y t h r o c y t e s  in  a l l  

s t a g e s  o f  d i s i n t e g r a t i o n , a n d  masses  o f  pigment o f  y e l l o w i s h  

and d i s t i n c t l y  green  c o l o u r .  s c a n ty  g r a n u le s  o f  haemo- 

s i d e r i n  a r e  p r e s e n t  n e a r  th e  margin o f  some l i v e r  c e l l s ,

(x 1 0 0 0 )

Eig .  6 . S e c t i o n  o f  lung  (Experiment \0 .1 . )  s t a i n e d  f o r  ir o n ,a n d

c o u n t e r ^ s t a i n e d  w i t h  carmalum. Numerous desquamated endo­

t h e l i a l  c e l l s  from th e  l i v e r  a re  seen  caught i n  th e  lung  

c a p i l l a r i e s .  The c o n t e n t s  o f  t h e  c e l l s  a r e  s i m i l a r  to . 

what i s  seen  in  s e c t i o n s  o f  l i v e r ,  (x 1 0 0 0 )
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A.

THE ABAEMIA PRODÜCED BY THE IHJECTIOH OE A HAMOIiYTIC SERUK,



The f i r s t  o b s e r v a t i o n  on the  a c t i o n  o f  a h a e m o ly t i c  s er u r  i s  s a id  

to  h e  t h a t  o f  B e l f a n t e  and Oarhone ,who showed t h a t  when an an im al  

was i n j e c t e d  w i t h  th e  h lo o d  from a n o the r  s p e c i e s , i t s  h l o c d  became 

h i g h l y  t o x i c  to  an im als  o f  t h a t  s p e c i e s .  Our ex a c t  knowledge o f  

t h e  n a tu r e  o f  h a e m c ly s in s  may,however ,he  s a id  to  d a t e  from th e  work 

o f  B ordet  ( 1 8 9 6 ) ,who shewed th a t  t h e r e  was an e s s e n t i a l  s i m i l a r i t y  

i n  th e  c o n s t i t u t i o n  and mods o f  a c t i o n  o f  h a e m o ly t ic  and b a c t e r i o ­

l y t i c  s e r a .  This  was s h o r t l y  f o l l o w e d  by the  wel l -know n papers  on 

the  s u b j e c t  by I h r l i c h  and Morgenroth (1899) ,  The l i t e r a t u r e  on 

th e  s u b j e c t  o f  h a em o ly s i s  i s  now immense,but th e  part  d e a l i n g  w i t h  

t h e  a c t i o n  o f  h a e m o ly t ic  s e r a  i n  th e  l i v i n g  body i s  c o m p a r a t iv e ly  

s m a l l , a s  compared w i th  th a t  on h a e m o ly s i s  "in v i t r o " ,

Oantacuzene (1900) f i r s t  s t u d i e d  t h e  a c t i o n  o f  a h a e m o ly t ic  serum 

on r a b b i t s , a n d  h i s  r e s u l t s  showed t h a t  whereas a f a i r l y  l a r g e  dose  

caused  a ver\^ rap id  b lo o d  d e s t r u c t i o n  and a r e s u l t i n g  a n a e m ia , th e  

a d m i n i s t r a t i o n  o f  sm al l  d o se s  might r a i s e  bo th  th e  number o f  red 

c o r p u s c l e s , a n d  th e  p erce n ta g e  o f  h aem oglob in ,above  th e  normal,

Gruber (1901) used a h a em o ly t ic  serum w h i l e  s tu d y in g  c e r t a i n  

q u e s t i o n s  w i t h  regard to  complement,and b e l i e v e d  he had dem onstrated  

by i t s  u se  t h e  p r e - e x i s t e n c e  o f  complement in  the  plasma,

L e v a d i t i  ( 1 9 0 2 ) , i n  a paper on th e  Same s u b j e c t  r e f e r s  to  th e  

method o f  b lo c d  d e s t r u c t i o n .

S in c e  t h a t  t im e h a em o ly t ic  s e r a  have been used by v a r io u s  workers
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to  produce anaem ia ,but  t h e r e  i s  no good d e t a i l e d  accou n t  o f  t h e  

r e s u l t i n g  m o r p h o lo g ic a l  changes i n  th e  b l o o d , w h i l s t  i n fo r m a t io n  on 

many o t h e r  p o i n t s  i s  s t i l l  w ant ing .  i  have a c c o r d i n g l y  c a r r i e d  

out a s e r i e s  o f  exper im ents  on r a b b i t s ,a n d  in  th e  subsequent  pages  

an a c c o u n t  w i l l  be  g iv e n  o f  the  important  changes met w i th  in  the  

b l o c d ,b o n e  marrow,and o t h e r  organs o f  th e  body.

The serum used i n  th e  experiments  was o b ta in e d  by i n j e c t i n g  on 

s e v e r a l  o c c a s i o n s  a young goat  w i th  r a b b i t ’ s c o r p u s c l e s ,which had 

been washed f r e e  from serum. The subcutaneous  method o f  i n j e c t i o n  

was u se d ,a n d  the  c o r p u s c l e s  corresp on d in g  to  15 to 20 c , c ,  o f  b lo o d  

were i n j e c t e d  on f i v e  o c c a s i o n s .  The h a e m o ly t ic  d ose  o f  th e  s e  rim 

o b ta in ed  was i n  a t e s t - t u b e  experiment 0 , 0 1  c . c . f o r  1 c . c . o f  a f i v e  

per  c e n t  s u s p e n s io n  o f  ra .b b i t ’ s c o r p u s c l e s , a l o n g  w i th  the  f r e s h  

serum o f  a normal r a b b i t  as  complement.

As w i l l  b e  s een  from the  r e s u l t s  o f  th e  experiments ,the serum 

used i s  in  th e  r a b b i t ’ s body a v e r y  a c t i v e  h a em o ly t ic  a g e n t .  I t  

was found t h a t  t h e  mode o f  i n j e c t i o n  a f f e c t e d  th e  r e s u l t  v e ry  much,  

s i n c e , o n  t h e  one h a n d , th e  in tr a v e n o u s  i n j e c t i o n  o f  1 c , c ,  may caue^  

th e  d e s t r u c t i o n  o f  th e  g r e a t e r  part  o f  the  a n im a l ' s  b lo o d ;  w h i l^ , c n  

th e  o t h e r  h a n d , t h e  i n t r a p e r i t c n e a l  i n j e c t i o n  o f  5 c . c . o r  more may 

have a much l e s s  e f f e c t .  The b lo o d  d e s t r u c t i o n  i n ' t h e  l a t t e r  c a s e  

i s  a l s o  a much more g ra d u a l  p r o c e s s , a s  i n  no such experiment was  

h a em o g lo b in u r ia  cbserved  w i th  d o se s  o f  5 c , c ,  , a l th o u g h  t h i s  'v&s o f  

common occu ren ce  a f t e r  th e  i n j e c t i o n  o f  much s m a l l e r  amounts by the  

in t r a v e n o u s  method. This  l a t t e r  method was found the  more conven­

i e n t , a n d  was f o l l o w e d  a lmost  e x c l u s i v e l y  i n  the  ex p er im en ts .

Another p o in t i s  t h a t  th e  in d iv id u a l  s u s c e p t i b i l i t y  o f  r a b b i t s
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V a r ie s  en orm ou s ly ,50  much so th a t  i t  i s  i m p o s s i b l e  to  gauge th e  

d e g r e e  o f  r e s u l t i n g  anaemia from th e  d ose  o f  serum i n j e c t e d .  This  

w i l l  be  r e a d i l y  a p p r e c ia t e d  on lo o k in g  a t  th e  p r o t o c o l s  o f  th e  

e x p e r im e n ts .  I t  should  a l s o  be mentioned t h a t  th e  i n tr a v e n o u s  

i n j e c t i o n  i s  f r e q u e n t l y  fo l lo w e d  by t o x i c  e f f e c t s , w h i c h  may s c m e t i r e s  

l e a d  to  a r a p i d l y  f a t a l  r e s u l t .  In many c a s e s , w i t h i n  two or th r e e  

m in u tes  a f t e r  th e  i n j e c t i o n  o f  1 c . c ,  o f  serum th e  animal  shows 

symptoms o f  a s t h e n i a , f a l l i n g  over  on i t s  s i d e  i n  an extended p o s i t i o n  

and th e  r e s p i r a t i o n s  becoming much a c c e l e r a t e d ;  i n  some c a s e s  d e a th  

r e s u l t s , b u t  i n  most o t h e r s  a rapid  reco v ery  f o l l o w s .  A g a in ,  i n  

some i n s t a n c e s  symptoms occur  a lm ost  i n s t a n t a n e o u s l y  a f t e r  th e  i n ­

j e c t i o n ;  c l o n i c  c o n v u l s i o n s  appear,and d ea th  occurs  w i t h in  a v e ry  

s h o r t  t i m e , a p p a r e n t l y  as a r e s u l t  o f  r e s p i r a t o r y  f a i l u r e .  I t  was 

found t h a t  t h e s e  a c u t e  t o x i c  e f f e d t s  may be to  a l a r g e  e x t e n t  

o b v ia te d  by i n j e c t i n g  th e  serum in  s m a l l e r  am ounts ,w ith  s h o r t  

i n t e r v a l s  o f  t im e between.

With regard  to t h e s e  i n i t i a l  t o x i c  e f f e c t s ,m a r k e d  v a r i a t i o n s  

have been  met w i t h  i n  d i f f e r e n t  an im als ,som e o f  them dying in  a 

c o m p a r a t iv e ly  sh o r t  t ime even when v e r y . s m a l l  d o se s  were u sed .

As a r u l e  an an im al  which has su r v iv ed  th e  f i r s t  i n j e c t i o n  s ta n d s  

second d o se  w i th o u t  s e r i o u s  spmptoms,and l a t e r  on a c e r t a i n  d e g r e e  

o f  immunity i s  e s t a b l i s h e d .  I t  i s  a l s o  noteworthy  th a t  when th e  

i n i t i a l  e f f e c t s  have passed  o f f  w i th o u t  f a t a l  r e s u l t , t h e  an im als  

s u r v i v e  w e l l , a n d  do not  l o s e  w e ig h t .  The subsequent  phenomena 

depend upon t h e  d e g r ee  o f  b lood  d e s t r u c t i o n ;  e i t h e r  an a c u te  and 

f a t a l  anaemia f o l l o w s , o r  an anaemia which i s  f o l l o w e d  by rap id  

r e g e n e r a t i o n .
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C om p arat ive ly  few l e s i o n s  cou ld  be  found in  o t h e r  o r g a n s ,w h ic h  

c o u ld  be  put down to  a s p e c i f i c  a c t i o n  o f  th e  h a e m o ly t i c  serum.  

Changes w e r e ,h o w e v e r , found i n  th e  h ea r t  m usc le  i n  s e v e r a l  o f  t h e  

e x p e r im e n ts ,^ n d  in  one c-^se t h e r e  were i r r e g u l a r  a r e a s  o f  n e c r o s i s  

in  th e  l i v e r .  These changes are gone i n t o  f u l l y  i n  a subsequent  

p a r t  o f  t h i s  t h e s i s .  Our r e s u l t s  d i f f e r  i n  t h i s  r e s p e c t  from t h e s e  

o f  Dudgeon, Panton,and Ross ( I s 0 9 ) , who employed se r a  o b ta in ed  by  

immuni s i n g  r a b b i t s  a g a i n e t  g u in ea -p ig *  s .an d  c a t ' s  c o r p u s o l e s ,  In

t h e i r  exp er im en ts  d ea th  occurred a t  v a r y in g  i n t e r v a l s  up to  s e v e r a l  

d a y s ,a n d  was found to. be a s s o c i a t e d  w i th  s e v e r e  n e c r o t i c  and f a t t y  

changes  i n  t h e  o r g a n s , e s p e c i a l l y  in  th e  l i v e r  and k id n e y s ,a n d  w i t h  

haemorrhages,

EXPERIMENTS.

In a l l  about tw enty  exper im ents  w i th  th e  h a e m o ly t ic  serum have  

been c a r r i e d  o u t .  R eferen ce  w i l l  not  be made to a l l  o f  t h e s e  here ,  

s i n c e  an account  o f  about h a l f  th a t  number i s  s u f f i c i e n t  to  i l l u s ­

t r a t e  a l l  th e  e f f e c t s  o f  the  serum. The exper im ents  f a l l  n a t u r a l l y  

i n t o  two g ro u p s .  The f i r s t  group com prises  th e  more a c u t e  c a s e s ,  

where d e a th  e i t h e r  o c c u r r e d ,o r  probably  would have o c c u r r e d ,a s  th e  

r e s u l t  o f  t h e  anaemia; in  th e  second group r e co v e r y  had taken pls.oe^ 

and t h e  a n im a ls  were k i l l e d  a t  v a ry in g  i n t e r v a l s  to  s tu d y  th e  

r e g e n e r a t i o n  o f  th e  b lo o d .

The i n d i v i d u a l  exper im ents  w i l l  now be d e s c r i b e d .
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EXPERIMENT 1.

Rabbit  3, w e ig h t  1360 grms,

33ay, Red C orp u so le s .

o'' 7 , 2 0 0 ,0 0 0

1 . 3 , 4 0 0 ,0 0 0

2 4 6 0 ,0 0 0

1 . 5  c . c ,  o f  h a em o ly t i c  serum i n j e c t e d  i n t r a v e n o u s l y .

In t h i s  experiment  t h e r e  occurred  a very  rapid  and i n t e n s e  

a n a e m ia ,a l th o u g h  t h e  t o t a l  amount o f  serum i n j e c t e d  d id  not  exceed

1 .5  c . c , .  On th e  d a y , a f t e r  th e  i n j e c t i o n  th e  animal passed  80 c . c ,  

o f  p o r t e r - c o l o u r e d  u r in e ,w h ic h  c o n ta in e d  a l a r g e  amount o f  haemo­

g l o b i n , a n d  on the  second day 77 c . c .  o f  u r i n e  o f  dark c c r t -w in e  

, c o l o u r , a l s o  very  r i c h  in  haemoglobin .  The b lood  f i l m s  showed s l i g h t  

v a r i a t i o n  i n  th e  s i z e  o f  th e  c o r p u s c l e s , a n d  t h e r e  were many p a r t i a l l y  

d e c o l o r i s e d  c o r p u s c le s ," s h a d o w s"  a l s o  b e in g  p r e s e n t .  The ground  

o f  t h e  f i l m s  s t a i n e d  a d i s t i n c t  red d ish  c o l o u r  with e o s i n , a p p a r e n t ly  

owing to  th e  haemoglobin in  th e  plasma. The t e s t  made i n  th e  

o r d in a r y  way gave  marked haemoglobinaemia .  The number o f  c o r ­

p u s c l e s  f e l l  to  a very  low l e v e l , a n d  on th e  second day i t  was 

d i f f i c u l t  to  enumerate them s a t i s f a c t o r i l y  owing to  th e  number o f  

p a r t i a l l y  d e c o l o r i s e d  c o r p u s c l e s  which were p r e s e n t .  There wo.8 

d i s t i n c t  a l th o u g h  not  g r e a t  l e u c c c y t o s i s .  The animal wa3 k i l l e d  

om t h e  second d a y ,a s  i t  appeared to  be dy ing  from the  profound  

anaemia.

Post-m ortem. The c o r t e x  o f  th e  k idney had a deep b row n,a lm ost  

b l a c k , c o l o u r , o w i n g  to  the  amount o f  b lood  pigment which i t  c o n t a ir  .„



The s p l e e n  a l s o  was a lm ost  b l a c k  i n  c o l o u r , g r e a t l y  c o n g e s t e d , and 

somewhat i n c r e a s e d  i n  s i z e .  The l i v e r  was u n a l t e r e d  i n  ap pearance .  

A l l  t h r e e  organs  gave a very  marked h aem os id er in  r e a c t i o n / w h i c h ,  

h o w e v e r , was g r e a t e s t  i n  th e  k idneys  and i n  the  s p l e e n .  The 

b l a d d e r  c o n t a in e d  about 10 c . c .  o f  dark brown u r i n e .  On m ic r o ­

s c o p i c  e x a m i n a t i o n , t h e  c e l l s  in  the  s p l e n i c  pulp  showed a c t i v e  

p h a g o c y t o s i s  o f  red c o r p u s c l e s  and clumps o f  g r a n u le s  o f  haemo­

s i d e r i n ;  many o f  th e  c e l l s  a l s o  gave a d i f f u s e  i r o n  r e a c t i o n .

The bone marrow o f  th e  femur was s o f t , r e d , a n d  f r i a b l e .  On m ic ro ­

s c o p ic  exam inat ion  i t  was found to be u n u s u a l ly  r i c h  in  c e l l s , t h e  

amount o f  f a t  b e in g  d im in ish ed ;  th e  p ro p o r t io n  o f  the  d i f f e r e n t  

kinds  o f  c e l l s  w a s , h o w e v e r , p r a c t i c a l l y  normal,

IXPERIICTT 11.

Rabbit  8 , w e ig h t  1590 grms.

Day. Red C o r p u s c le s .  L e u c o c y te s .  Haemoglobin Colour Ind ex ,

0^ 6 ,0 6 0 ,0 0 0  7 ,0 0 0  74 1 . 0

1 2 , 1 6 0 , 0 0 0  1 1 ,0 0 0  40 1 .5

'̂1 c . c .  o f  h a em o ly t ic  serum i n j e c t e d  i n t r a v e n o u s l y .

In  t h i s  experiment a very  i n t e n s e  anaemia was produced by th e  

i n j e c t i o n  o f  'only 1 c . c .  o f  serum; th e  animal was a c c o r d i n g l y  an 

example o f  v-ery g r e a t  s u s c e p t i b i l i t y  to  th e  p o i s o n .  On t h e  day  

a f t e r  t h e  i n j e c t i o n  t h e r e  was marked haem oglob in u r ia ,an d  th e  u r in e  

gave th e  spectrum not  o n ly  o f  haem oglob in ,but  a l s o  o f  r c id  h aem atin .  

S t a in e d  f i l m s  o f  th e  b l e e d  on t h i s  day showed no change i n  t h e  s i z  = 

or form o f  t h e  c o r p u s c l e s , b u t  a c o n s id e r a b l e  number o f  "shadows" or



I m p e r f e c t l y  d e c o l o r i s e d  c o r p u s c l e s  were p r e s e n t .  As th e  h lo o d  

d e s t r u c t i o n  was a p p a r e n t ly  v e ry  rap id  th e  animal  was k i l l e d  n i n e t e e n  

hours  a f t e r  t h e  i n j e c t i o n .  The t ime o f  c o a g u l a t i o n  o f  th e  h lo o d  

was much d e l a y e d ,n o  c l o t  o c c u r r in g  f o r  tw enty  m in u te s .  Marked 

haem oglob inaem ia  was p r e s e n t , as  Shown "by t h e  o rd in a ry  t e s t .  

Post-m ortem. The k i d n e y s , a s  i n  th e  p rev io u s  e x p e r im e n t , showed a 

dark brown c o r t e x , h u t  t h e  c o l o u r  was not  u n i fo r m ,b e in g  arranged i n  

broad bands i n  th e  l i n e s  o f  th e  v e s s e l s .  The s p le e n  was not  en­

l a r g e d , b u t  was a lm o s t  b l a c k  i n  c o l o u r .  The l i v e r  was normal i n  

appearance . '  There was a marked haem osid er in  r e a c t i o n  i n  th e  

k i d n e y s , s p l e e n , and l i v e r ^ b u t  e s p e c i a l l y ^ i n  t h e  two former.  Micro­

s c o p i c  ex a m in a t io n  o f  t h e  s p l e e n  showed,as  in  th e  p r ev io u s  ex­

p e r i m e n t ,much p h a g o c y t o s i s  o f  red c o r p u s c l e s , and a c o n s i d e r a b l e  

amount o f  h a e m o s id e r in  i n  g r a n u l e s .  The marrow c o n ta in e d  a l a r g e  

p r o p o r t io n  o f  f a t  and b l o o d , t h e  c e l l u l a r  e lem ents  o f  th e  marrow 

proper b e i n g  c o m p a r a t iv e ly  few.  In th e  s e c t i o n s  some o f  th e  red 

c o r p u s c l e s  seemed to  be undergoing  l y s i s .  Some o f  th e  m y e lo c y te s  

showed c h r o m a to r rh ex is  o f  t h e  n u c l e i .  The haem osider in  in  th e  

k id n eys  and l i v e r  gave  o n ly  a d i f f u s e  i r o n  r e a c t i o n .  Haemoglobin  

c a s t s  were p r e s e n t  in  th e  co n v o lu ted  t u b u le s  o f  th e  k id n eys  i n  

enormoue numbers,and t h e r e  were a l s o  c loudy s w e l l i n g  and some 

v a c u o l a t i o n  o f  th e  c e l l s  o f  t h e s e  t u b u l e s .  In the  l i v e r  t h e r e  

were fo u n d ,o n  m ic r o s c o p i c  e x a m in a t io n , some i r r e g u l a r  a reas  o f  

recen t  n e c r o s i s ^ T h i s  l e s i o n  w i l l  be r e f e r r e d  to l a t e r  on.



EXPERIMENT.111 .

Rabbit  5.  w e ig h t  2126 grme.

Day. Red C 0 r pu s c i e s .  l e u c o c y t e s .

o'" 5 , 9 0 0 , 0 0 0  6 , 0 0 0

1^' 5 , 2 8 0 , 0 0 0  1 0 ,0 0 0

2^' 3 ,5 2 0 ,0 0 0 .  1 0 ,0 0 0

3 1 , 4 4 0 , 0 0 0  7 ,0 0 0

* '1 .5  C . C . o f  h a e m o ly t i c  serum i n j e c t e d  i n t r a v e n o u s l y .  

^'1 .0  : : ;

^ '1 .0  : : :

In  t h i s  exper im ent  h a em o g lo b in u r ia  was p re sen t  on th e  second day

a f t e r  th e  i n j  e c t i c n  ,and on t h e  day f o l l o w i n g  the  animal passed

140 C. C.  o f  dark red u r i n e , t h e r e  b e in g  e v i d e n t l y  an ex tre m e ly  rapid

blood  d e s t r u c t i o n  g o in g  on. The spectrum o f  haemoglobin  was s t i l l

f a i n t l y  v i s i b l e  when t h e  u r i n e  was d i l u t e d  1 : 30. On t h e  day
l i t t l e

f o l l o w i n g  th e  i n j e c t i o n  th e  b lo o d  showed com parat ive ly^change  ,one or  

two n o r m o b la s t s ,h o w e v e r ,b e i n g  p r e s e n t .  On the  second day t h e r e  

very  marked anaemia,numerous "shadows" were p r ese n t  i n  t h e  f i l m s , a n d  

th e r e  were a l s o  some b a s o p h i l  m e g a lo c y t e s .  The animal was found  

dead on t h e  morning o f  the  f o u r t h  day o f  th e  experiment.  The 

b la d d e r  c o n t a in e d  post-mortem ai q u a n t i t y  o f  dark c h o c o l a t e - c o l o u r e d  

u r in e  , g i v i n g  a d i s t i n c t  spectr'um o f  haemoglobin.

Post-mortem. The appearance o f  th e  k i d n e y s , l i v e r , and s p le e n ,was 

p r a c t i c a l ly  t h e  s-rre aw in  Experiment 1 , a l though  the  c o r t e x  o f  th e  

kidney was not o f  so dark brown a co lo u r . The m icroscop ic  cr.ppe- r-  

ances  were a l s o  s i m i l a r .  The s p l e e n  showed much p h a g o c y t o s i s  o f
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red c o r p u s c l e s , a n d ‘a i s e  c o n t a in e d  much g r a n u la r  h a e m o s id e r in .  The 

hone marrow was found to  he p a r t l y  d e p l e t e d  o f  c e l l s :  th e  red c o r -  

p u s c l e s  i n  t h e  v a s c u l a r  s p a c e s  appeared to  he p a r t i a l l y  l y s e d , a n d  

some o f  t h e  m y e l o c y t e s  showed c h r o m a to r r h e x i s .  The k id n e y s  showed 

some c lo u d y  s w e l l i n g , a n d  c o n t a in e d  some haemoglobin  c a s t s ,

EXPERIMENT 1Ÿ.

Rabbit  1 5 . w e ig h t  2170 grms.

Day. Red C o r p u s c l e s ,  L e u c o c y t e s .  Ha'emoglobin Colour Index ,  

o'' 7 , 2 0 0 , 0 0 0  5 , § 0 0  85 1 , 0

1 4 , 6 2 0 , 0 0 0  1 1 ,0 0 0  62 1 . 1

2 2 , 0 8 0 , 0 0 0  5 ,3 0 0  34 1 . 4

^1 c . c .  o f  h a e m o ly t i c  serum i n j e c t e d  i n t r a v e n o u s l y .

In  t h i s  exper im ent  t h e  i n j e c t i o n  o f  1 c . c .  o f  seru m , in  two

equal  p a r t s  a t  an i n t e r v a l  o f  an h o u r , l e d  to  a very  rap id  b lood

d e s t r u c t i o n  and marked an aem ia ,as  i s  shown in  th e  t a b l e .  C a re fu l

e x a m in a t io n s  o f  t h e  b lo o d  showed t h a t  haemoglobinaemia f i r s t
hours

appeared two and t h r e e - q u a r t e r ^ a f t e r  th e  f i r s t  i n j e c t i o n , and grad­

u a l l y  i n c r e a s e d  t i l l  t h e  end o f  th e  e x p e r im e n t ,when i t  was v e ry  

marked. S ev ere  h a em o g lo b in u r ia  occurred  on th e  day a f t e r  th e  i n -  

j e c t i o n , t h e  spectrum b e in g  s t i l l  r e a d i l y  d e t e c t e d  in  a d i l u t i o n  o f  

1 : 25.  On th e  f o l l o w i n g  day haemoglobin was a l s o  p r e s e n t  in  

abundance in  the  u r i n e .  The changes  in  th e  b lood  corresponded to  

t h o se  in  t h e  o t h e r  a c u te  c a s e s .  N u c lea ted  red c e l l s  were v e ry  

numerous,and a prominent f e a t u r e  a l s o  was th e  number o f  "shadows" 

p r e s e n t .  The a l t e r a t i o n s  i n  th e  organs ( d e p o s i t s  o f  h a e m o s iZ e r in ,



y

and. sc  f o r t h )  / o s r e  o f  s i m i l a r  n a tu r e  to  t h o s e  a l r e a d y  r e c o r d ed .  

The an im al  was fcund dead cn th e  t h i r d  day a f t e r  th e  i n j e c t i o n ,

EXPERIMENT V.

R abbit  23,  w e ig h t  1445 grms.

Day. Red C o r p u s c l e s .  L e u c o c y t e s ,  Haemoglobin Colour In d ex .

0^ 5 , 3 7 0 , 0 0 0  6 ,0 0 0  60 1 . 0

1^' 2 , 6 8 0 , 0 0 0  1 1 ,2 0 0  35 1 . Ï 9

2 1 , 7 3 0 , 0 0 0  9 ,0 0 0  22 1 .1 5

1 c . c . o f  h a e m o ly t i c  serum i n j e c t e d  i n t r a v e n o u s l y .

^ 1  c . c .  : : :

In t h i s  exper im ent  a r a p i d l y  p r o g r e s s i v e .anaemia was in d u ced .  

The animal  was k i l l e d  on th e  second day a f t e r  th e  i n j e c t i o n , i n  

order  to  e s t i m a t e  i t s  b lo o d  volume. Because  o f  the  washing out  

o f  t h e  organs  n e c e s s a r y  f o r  th e  b lood  volume e s t i m a t i o n , t h e  h i s t o ­

l o g i c a l  ap p ea ra n ces  w e r e , o f  course ,much d i s t u r b e d .

EXPERIMENT VI.

Rabbit  24. w e ig h t  1474 grms.

Day. Red C o r p u s c l e s ,  L e u c o c y te s .  Haemoglobin Colour Index .

( / '  5 , 6 2 0 , 0 0 0  5 ,3 0 0  63 1 . 0

1^' 3 , 4 8 0 , 0 0 0  1 2 ,1 0 0  52 l._36

2 1 , 0 4 0 , 0 0 0  9 ,2 0 0  18 1 .6
t
'1 c . c . o f  h a e m o ly t i c  serum i n j e c t e d  i n t r a v e n o u s l y .

h  0 . 0 .  : : :

This  was a  remarkably aou te  Oass .and a t t e n t i o n  may he drawn to
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th e  h i g h  Colour Index  o b ta in e d  on th e  second day.  H aem oglobinuria  

was v er y  marked,and th e  b lo o d  became very  t h in  and w a t e r y . In

b lo o d  f i l m s  "shadows" ware e x tre m e ly  numerous. The an im al  d i e d  on 

t h e  ev en in g  o f  t h e  second day a f t e r  th e  experiment was commenced,and  

post-mortem e x a c t l y  s i m i l a r  changes  to  t h o s e  a l r e a d y  d e s c r i b e d  were  

met w i t h  i n  t h e  o r g a n s .

In t h e  ex p er im en ts  now to  be d e s c r i b e d  th e  i n j e c t i o n  o f  t h e  serum 

produced a much l e s s  a c u t e  e f f e c t , m o r e  than one i n j e c t i o n  b e in g  

n e c e s s a r y  to  b r in g  about  a marked d e g ree  o f  anaemia.  In none o f  

t h e s e  c a s e s  d id  a f a t a l  r e s u l t  f o l l o w  th e  i n j e c t i o n  o f  th e  serum,but  

th e  a n im a ls  were k i l l e d  a t  v a ry in g  s t a g e s  o f  r e co v ery  from the  

anaemia. I t I- in  t h e s e  exper im ents  tha t  th e  most marked morpho-

changes were met w i t h  i n  the  b lood ' and b lood  forming organs .

EXPERIMENT ITLl.

Rabbit  4 . w e ig h t  1600 grms •

Day. Red C o r p u s c le s . L e u c o c y te s .

o'- 7 , 1 0 0 ,0 0 0 8 ,0 0 0

1^ ' 4 ,850 ,Ç 00 1 0 ,0 0 0

2 3 ,2 5 0 ,0 0 0 1 4 ,0 0 0

3 2 ,9 5 0 ,0 0 0 1 1 ,0 0 0

4 3 , 3 6 0 ,0 0 0 12 ,5 0 0

5 1 ,5 2 0 ,0 0 0 32,000

6 1 , 2 8 0 ,0 0 0 20 ,000

1 , 6 8 0 ,0 0 0 1 1 ,0 0 0

8 2 ,0 0 0 ,0 0 0 15 ,0 0 0
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^ 1 . 5  c . c .  o f  h a e m o ly t i c  serum i n j e c t e d  i n t r a v e n o u s l y .

&'0 . ^ 5  : : :

3 - 1 . 0  :

.^'0.75 : : :

N o te ,  The l e u c o c y t e  c o u n ts  on days 5 and 6 in c l u d e  the  e r y t h r c -  

b l a s t s / w h i c h  were p r e s e n t  i n  l a r g e  numbers ( see  u n d e r ) .

On th e  second day a f t e r  th e  i n j e c t i o n ,b a s o p h i l  m e g a lo c y te s  and

n u c l e a t e d  red c o r p u s c l e s  were p r e s e n t  in  th e  b lo o d ;  th e  former  

g r a d u a l l y  i n c r e a s e d  i n  number,and on th e  f o u r t h  day a f t e r  th e  i n ­

j e c t i o n  formed a l a r g e  p r o p o r t io n  o f  the  red c o r p u s c l e s  p r e s e n t , - i n  

f a c t , o n  t h e  f i f t h  day t h e y  appeared almost  as numerous as t h e  o r -  

dinaryr red c o r p u s c l e s .  This  c o n d i t i o n  c o n t i n u e d ,but  th e  b a s o p h i l  

r e a c t i o n  became much l e s s  n-arked in  many o f  th e  c o r p u s c l e s , s o . t h a t  

on th e  day when th e  animal  was k i l l e d  a l l  s t a g e s  in  s t a i n i n g  r e ­

a c t i o n  were s e e n .  A few red c o r p u s c l e s  showed p u n c ta te  b a s o p h i l i a ,  

but t h i s  c o n d i t i o n  was n e v er  common. The n u c le a te d  red c o r p u s c l e s  

a l s o  i n c r e a s e d  i n  number, th e  maximum b e in g  reached on th e  f i f t h  day 

a f t e r  th e  i n j e c t i o n  ,when th e y  numbered 9500 per  c.mm, ,by f a r  th e  

l a r g e s t  number met w i t h  in  th e  exp er im en ts ;  th e re  were a l s o  on t h i s  

day n e a r l y  1000 f r e e  n u c l e i  o f  e r y t h r o b l a s t s .  The n u c le a te d  red 

c o r p u s c l e s  were numerous t i l l  the  day o f  death,when th ey  numbered 

5000 per  c.mm. ; f o r  th e  most part  th ey  were o f  th e  n o rm o ib la s t  t y p e ,  

but t h e r e  were a l s o  a c o n s i d e r a b l e  p o r t io n  o f  m e g a l o b l a s t s , e s p e c i a l ­

l y  in th e  l a s t  t h r e e  d a y s .  The protoplasm, o f  the  m e g a l o b l a s t s  had 

& b a s o p h i l  r e a c t i o n , a n d  most o f  them showed a p u n cta te  c o n d i t i o n .

As t h e  a n a e m i a  b e c a m e  m o r e  m a r k e d  s m a l l  r e d  c o r p u s c l e s  m e a s u r i n g



dovrn to  3 ^  a p p e a r e d ,b u t  t h e s e  were n o t . s o  numerous as  i n  o t h e r

e x p e r im e n t s .  The number o f  l e u c o c y t e s  war i n c r e a s e d  throughout  the

experim ent  ; i n  a s e r i e s  o f  d i f f e r e n t i a l  cou n ts  th e  p r o p o r t io n  o f  t h e

d i f f e r e n t  c l a s s e s  o f  w h i t e  c e l l s  vary c o n s i d e r a b l y ,but  t h e r e  was an
o f

a b s o l u t e  i n c r e a s e  o f  lym phocytes  as  w e l l  as  ̂ polymorphs. The p o l y ­

morphs showed a  maximum o f  58 per  c e n t  on th e  f o u r t h  d a y ,a  l a r g e  

p e r c e n t a g e  f o r  th e  r a b b i t .  The b l o o d - p l a t e l e t s  throughout  t h e  ex­

per im ent  showed a c o n s i d e r a b l e  i n c r e a s e .  There was no haem oglob in ­

u r i a  a t  any tim-'-:, and t h e  animal  was k i l l e d  when b lood  r e g e n e r a t i o n  

appeared to  be  p r o g r e s s i n g  r a p i d l y .

Post-mcrtemz. The v a r io u s  organs were p r a c t i c a l l y  normal i n  appear­

an ce;  a h a e m o s id e r in  r e a c t i o n  was p r e se n t  i n  th e  l i v e r , s p l e e n , and 

k i d n e y s ,b u t  was c o m p a r a t iv e ly  s l i g h t  in  each.  M icro sco p ic  exam­

i n a t i o n  showed a s l i g h t  i r o n  r e a c t i o n  i n  t h e s e  organs i n  th e  u s u a l  

s i t u a t i o n s .  The s p l e e n  showed a c o n s id e r a b l e  amount o f  p h a g o c y t o s i s  

o f  red c o r p u s c l e s , and t h e r e  was a c o n s id e r a b l e  amount o f  haem osider in  

i n  c e l l s  throughout  th e  p u lp .  The bone ma.rrow was very  red and s o f t  

and on m i c r o s c o p i c  exam inat ion  t h e r e  was found to be a very  marked 

e r y t h r o b l a s t i c  r e a c t i o n .  N u c lea ted  red c o r p u s c l e s  were p r e s e n t  in  

enormous num bers , -  m e g a l o b l a s t s ,n o r m o b l a s t s ,a n d  i n t e r m e d ia t e  forms  

and b y  m i t o t i c  f i g u r e s  occurred  i n  a l l  o f  t h e s e  ( see  B ig ,  ) ,  The 

r e l a t i o n s  o f  t h e s e  c e l l s  w i l l  be  en ter e d  i n t o  l a t e r  on. There was 

a l s o  an a b s o l u t e  i n c r e a s e  o f  the  f i n e l y  g ra n u la r  m y e l o c y t e s ,a l th o u g h  

t h e i r  r e l a t i v e  p r o p o r t io n  remained s t i l l  below the  normal. This  

f a c t  m ight  b-. taken  to  i n d i c a t e  th a t  th e  serum had some e f f e c t  on 

c e l l s  o f  t h e  g r a n u la r  s e r i e s  as  w e l l , b u t  t h i s  i s  not c e r t a i n , s in e  s 

we know t h a t  i n  every  e r y t h r o b l a s t i c  r e a c t i o n  th e r e  i s  always &n
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L co o m p a n y in g  i n c r e a s e  c f  t h e  l e u o c b l a s t i o  t i s s u e s

EXPERIMENT v m .  
R a b b i t  1 \  w e i g h t  1 5 9 0  g r m s .

D a y ,  Red

0 '̂ 6 760 000

1^' 4 590 000

2^- 4 480 000
3 ^ 3 840 000
4 2 240 000

5 1 250 000

6 1 240 000

7 1 896 000
8^7 1 960 000

9 2 360 000

10 2 430 000

11 3 274 000

12 3 180 000

13 4 340 000

u 4 780 000

15 5 800 000

16 6 1 1 0 000

17 5 750 000
/.

Z,

I

6:

1 0 , c , 

1  c « c , 

1 C$0,  

5 c , 0 # 

4  c . c .

u c o c y t e s . H a e m o g lo b in  /o. C o l o u r  I n d e x .

1 3 ,0 0 0 82 1 . 0

1 5 ,000 73 . 1 . 3 1

1 4 ,0 0 0 55 1 . 0
8 ,0 0 0 52 1 . 1 1

2 3 ,0 0 0 42 1 . 5

1 4 ,5 0 0 31 2 .0 5

2 7 ,5 0 0 32 2 . 1 4

2 1 ,0 0 0 33 1 . 4 3

1 0 ,0 0 0 40 l é 7

1 4 ,3 0 0 40 1 . 4

9 ,0 0 0 43 1 .4 6

9 ,1 0 0 44 1 . 1

8 ,8 0 0 44 1 . 1 4

7 ,5 0 0 60 1 . 1 4  .

4 ,5 0 0 55 0 .9 5

5 ,0 0 0 63 0 . 9

8 , 0 0 0 70 0 .9 5

6 ,5 0 0 70 1 . 0

se r u m  i n j e c t e d  i n t r a v e n o u s l y .

i n t r a p e r i t o n e a l l y .
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In t h i s  exper im ent  t h e r e  was no h a e m o g lo b in u r ia ,a l th o u g h  t h r e e  

i n t r a v e n o u s  and two i n t r a p e r i t c n e a l  i n j e c t i o n s  were made. The 

second c f  t h e  l a t t e r  i n j e c t i o n s  on th e  e ig h th  day caused  no f u r t h e r  

drop in  th e  number c f  red c o r p u s c l e s , t h e r e  b e in g  a p p a r e n t ly  some 

immunity e s t a b l i s h e d .  As in  p r e v io u s  e x p e r im e n ts , some b a s o p h i l  

c o r p u s c l e s  appeared cn th e  second day a f t e r  th e  i n j e c t i o n ;  on t h i s  

day t h e r e  were a l s o  a few e r y t h r o b l a s t e .  The b a s o p h i l  c o r p u s c l e s  

i n c r e a s e d  i n  number on subsequent  daya,and some o f  them reached a 

l a r g e  s i z e .  There was some punctate, b a s o p h i l i a  on the  s i x t h  and 

f o l l o w i n g  d a y s .  On th e  e ig h th  day the  same changes were fo u n d ,b u t  

t h e r e  was a l s o  many m ic r o c y t e s  and a few p o ï k i l o c y t e s  , th e  former  

b e in g  i n t e n s e l y  e o s i n o p h i l .  N u c le a ted  red c o r p u s c l e s ,b o th  norma-' 

b l a s t s  and m e g a l o b l a s t s , occurred  throughout the  e x p er im en t ,b u t  were  

alw ays  s c - n t y .  Recovery  was very  r a p id ,a n d  by th e  t h i r t e e n t h  day  

th e  red c o r p u s c l e s  were nearly ,  a l l  w e l l  shaped and o f  unifcrrç s i z e ;  

th e  g r e a t  m a j o r i t y  were ,h o w e v e r , o v e r - s i z e d  ; o n ly  a few. b a s o p h i l  

c o r p u s c l e s  were then  p r e s e n t .

P o s t - m o r t sm. The organs were p r a c t i c a l l y  ncrmal in  a p p e a r a n c e , th e

s p le e n  and k id n e y s  gave a wel l -marked haem osider in  r e a c t i o n ;  th e  

l i v e r  gave  a v e r y  s l i g h t  r e a c t i o n .  M icroscop ic  exam inat ion  o f  th e  

marrow showed a w e l l -m arked  e r y t h r o b l a s t i c  r e a c t i o n ,but t h i s  was n et  

80 marked as  i n  t h e  p r e v io u s  exper im ent.  The sp le e n  a l s o  showed 

l e s s  p h a g o c y t o s i s , and c o n ta in e d  few er  haem osider in  g r a n u l e s .  The 

c e l l s  o f  th e  l i v e r  and k id n e y s 'g a v e  a d i f f u s e  i r o n  r e a c t i o n .



EXPERIMENT IX.

R abbit  10 ,  w e ig h t  1660 grms.

Day. Red C o r p u s c l e s .  L e u c o c y t e s .  Haemoglobin Colour Index,

o" 4 , 5 7 0 , 0 0 0 3 ,5 0 0 59 1 . 0

1^' 3 , 5 2 0 , 0 0 0 8 ,4 0 0 55 1 . 2

2 2 , 3 9 0 , 0 0 0 6 ,0 0 0 38 1 .2 6

3 2 , 0 2 4 , 0 0 0 7 ,5 0 0 25 0 . 9 6

4 1 , 3 6 0 , 0 0 0 6 ,6 0 0 23 1 . 3 4

5 1 , 4 2 0 , 0 0 0 8 ,0 0 0 24 1 . 3

6 1 , 2 5 0 , 0 0 0 8 ,5 0 0 18 1 .1 5

7 1 , 2 7 0 , 0 0 0 9 ,0 0 0 20 1 .2 3

8^' 1 , 5 0 0 , 0 0 0 9 ,7 0 0 20 1 . 0 2

9 1 , 1 2 0 , 0 0 0 1 2 ,5 0 0 19 1 . 3 2

10 1 , 1 5 0 , 0 0 0 1 0 ,6 0 0 22 1 . 5 4

11 1 , 2 5 0 , 0 0 0 7 ,5 0 0 20 1 . 3 4

12 1 , 7 7 0 , 0 0 0 7 ,0 0 0 22 1 . 0

13 1 , 7 0 0 , 0 0 0 4 ,0 0 0 24 1 .0 7

14 1 , 6 9 0 , 0 0 0 4 ,0 0 0 28 -1223

15 1 , 7 3 6 , 0 0 0 4 ,7 0 0 30 1 .3 1

16 2 , 1 9 0 , 0 0 0 4 ,0 0 0 38 1 .3 8

17 2 , 6 3 0 , 0 0 0 4 ,0 0 0 40 1 .2 3

18 2 , 8 7 0 , 0 0 0 4 ,700 40 1 .0 7

19 3 , 2 8 0 , 0 0 0 4 ,8 0 0 42 1 . 0

20 3 , 2 4 0 , 0 0 0 4 ,0 0 0 45 1 .0 7

21 3 , 4 0 0 , 0 0 0 3 ,800 50 1 .1 1

* 1 c . c .  o f  h a e m o ly t i c serum i n j e c t e d in t r a v e n o u s l y .
r i  0 . 0 .
3-0.75 c .



In t h i s  experim ent  t h e  animal  was a l lo w e d  to  l i v e  f o r  about  t e n  

w e e k s ,  i n  ord er  to  d e ter m in e  whether  any change occurred  in  th e  d i s ­

p o s i t i o n  o f  th e  h a e m o s id e r in .  During th e  f i r s t  two days o f  t h e  ex­

periment  t h e r e  was no h a e m o g lo b i n u r i a ,but  on th e  t h i r d  day th e  

animal  p a ssed  a l a r g e  amount o f  u r in e  which had a d i s t i n c t  r e d d ish  

c o l o u r  and gave th e  spectrum o f  h aem oglob in .  On t h i s  day t h e r e  

was a l s o  d i s t i n c t  haem oglob inaem ia .  On t h e  f o u r t h  day th e  u r in e  

was v e ry  dark i n  c o l o u r , b u t  d id  not g i v e  any spectrum o f  h aem oglob in .

The f o l l o w i n g  a re th e  c h i e f  b lo o d  ch an ges .  On th e  second day  

"shadows" o f  red c o r p u s c l e s  were found i n  th e  f i l m s , a n d  t h e r e  were  

a l s o  a few b a s o p h i l  m e g a l o c y t e s .  On th e  t h i r d  day th e  b a s o p h i l  

c o r p u s c l e s  i n c r e a s e d  i n  number,and a f te r w a r d s  fonried a prominent  

f e a t u r e  in  t h e  b lo o d  p i c t u r e .  In th e  l a t e r  s t a g e s , a s  i n  p r e v io u s  

e x p e r i m e n t s , th e  b a s o p h i l  r e a c t i o n  became l e s s  marked,so t h a t  

v a r i a t i o n s  i n  th e  s t a i n i n g  r e a c t i o n  were p r e s e n t .  By th e  n i n t h  

day ( a f t e r  t h e  l a s t  i n j e c t i o n )  t h e  c o r p u s c l e s  showed remarkable  

v a r i a t i o n  i n  s i z e ,m easuring  from 2 to 9.5/^, and t h e r e  was a l s o  a 

d e f i n i t e  ten d en cy  to p o i k i l o c y t o s i s .  N u c lea ted  red c o r p u s c l e s  

occurred  from the  f o u r t h  day onward,but were always v e r y  s c a n t y .

Both n o rm o b la s ts  and m e g a l o b l a s t s  were p r e s e n t .  At th e  end o f  the  

experim ent  t h e  c o r p u s c l e s  were a g a in  co m p a r a t iv e ly  uniform in  s i z e ,  

though b a s o p h i l  m e g a lo c y te s  were s t i l l  p r e s e n t .  Enumeration o f  

c o r p u s c l e s  was not  made a f t e r  th e  e i g h t e e n t h  day. The animal  

k i l l e d  on th e  s e v e n t y - s e c  end d a y ,h a v in g  a p p a r e n t ly  reg a in ed  p e r f e c t  

h e a l t h .

P o s t - m o r t e m , .  The s p l e e n  a n d .k id n e y s  g a v e  a  M arked h aem os id er in  

r e a c t i o n ;  th e  l i v e r  a l s o , a l t h o u g h ■to a  l e s s  e x t e n t .  There was
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p r a c t i c a l l y  no p h a g o c y t o s i s  o f  red c c r r u s o l e s  i n  th e  s p l e e n , h u t  i t  

c o n t a in e d  numerous h a e m o s id e r in  g r a n u l e s , e n c l c s e d  c h i e f l y  w i t h i n  

e n d o t h e l i a l  and c o n n e c t i v e  t i s s u e  c e l l s .  The abdominal lymph 

g la n d s  c o n t a in e d  a c o n s i d e r a b l e  amount o f  o ra n g e -c o lo u r e d  p ig m en t ,  

but t h i s  gave  no i r o n  r e a c t i o n .  The bene marrow co n ta in e d  a con ­

s i d e r a b l e  p r o p o r t io n  c f  f a t , a n d  th e  number o f  c e l l s  p r e s e n t  waS 

r e a l l y  be low  normal l i m i t s .  There were s t i l l ,how ever ,w e l l  marked 

i s l e t s  o f  n u c l e a t e d  red c o r p u s c l e s .

EXPERITŒNT X.

Rabbit  21. w e ig h t  2296 grms.

Day. Red C o r p u sc le s . L e u c o c y te s . Haemoglobin y6. Colour Index .

0 '̂ 5 , 9 6 0 , 0 0 0 - 4 ,400 70

' 5 , 1 8 0 , 0 0 0 1 1 ,2 0 0 60 1 . 0

2 3 , 0 1 0 , 0 0 0 2 0 ,0 0 0 44 1 . 2

3 9 6 0 ,0 0 0 9 ,0 0 0 20 1 .7

4 9 0 0 ,0 0 0 1 3 ,1 0 0 16 1 . 5 2

5 1 , 3 2 0 , 0 0 0 1 6 ,5 0 0 18 1 .1 9

6 1 , 4 7 0 , 0 0 0 1 1 ,2 0 0 20 1 .1 9

7 2 , 1 8 0 , 0 0 0 4 ,0 0 0 30 1 .1 9

8 2 , 4 0 0 , 0 0 0 4 ,600 38 1 . 3 4

9 2 , 4 5 0 , 0 0 0 4 ,7 0 0 40 1 . 4

10 2 , 9 8 0 , 0 0 0 6 ,0 0 0 48 1 . 4

11 3 , 3 7 0 , 0 0 0 4 ,7 0 0 54 1 . 4

1. 25 c . c .  o f  haem 0 l y t i c  serumi i n j e c t e d  i n t r a v e n o u s ly .

I ' l . 0 c . c .  : : :



On t h e  day o f  th e  f i r s t  i n j e c t i o n  haGmoglohinuria  was found to  he  

p r e s e n t  f o u r  h o u r s ,a n d  a g a in  s i x  h o u r s , a f t e r  th e  i n j e c t i o n .  An 

e x a m in a t io n  f o r  haemoglchinaeroia was n e g a t i v e  on t h e s e  two o c c a s i o n s .  

On t h e  n e x t  day t h e r e  was no h a em ogloh in u r ia ,an d  i t  d id  not  reap p ear .  

On,the  second d a y ,h o w e v e r , the  u r in e  was very  dark in  c o l o u r ,a n d  gave  

th e  r e a c t i o n  f o r  b i l e  pigment.  On the  t h i r d  day b i l e  was p r e s e n t  

a g a in  in  c o n s i d e r a b l e  amount,and i t  i s  to  be noted t h a t  t h i s  i s  the  

o n ly  exper im ent  i n  which b i l i u r i a  fo l l o w e d  th e  i n j e c t i o n  o f  th e  

serum. On t h i s  day too  s l i g h t  haemcglcbinaemia was p r e s e n t ,a n d  

a l s o  l i p a e m i a .  Cn th e  f o u r t h  day b i l e  had d isap p eared  from th e  

u r i n e .  The changes  in  th e  b lo o d  corresponded to t h o se  i n  t h e  prev­

i o u s  e x p e r i m e n t , b a s o p h i l  m e g a lo c y te s  appearing on th e  second day o f  

th e  e x p e r im e n t ,a n d  t h e r e a f t e r  g r a d u a l ly  i n c r e a s i n g  in  number ; a t  a 

l a t e r  p e r io d  t h e y  l o s t  to  a c o n s i d e r a b l e  e x t e n t  t h e i r  b a s o p h i l  

r e a c t i o n ,  E r y t h r o b l a s t s  c f  bo th  ty p es  occurred in  the  b lood  from 

the  f o u r t h  day onwards^but were never  verj^ numerous.

Post-mortem. The organs  were p r a c t i c a l l y  h e a l t h y  in  appearance.

The k i d n e y s , s p l e e n , and l i v e r  gave a d i s t i n c t  haemosiderin  r e a c t i o n ,  

which most  marked i n  th e  c a s e  o f  th e  two f i r s t .  The m ic r o s c o p ic  

appearances  w i t h  regard  to th e  haem osider in  corresponded w i th  t h o se  

in  p r e v io u s  e x p e r i m e n t s , th e  amount o f  g ra n u les  in  the  s p l e e n ,h o w ev er , 

b e in g  s p e c i a l l y  g r e a t .  The bone marrow showed an ex trem e ly  marked . 

e r y t h r o b l a s t i c  r e a c t i o n , t h e  p ro p o r t io n  o f  f a t  b e in g  d im in ish e d ,a n d  

there  b e in g  l a r g e  a reas  o f  e r y t h r o b l a s t s .  M eg a lo b la s t s  and normo-

b l a s t s  '-'ith .a ll  t r a n s i t i o n s  were p r e s e n t .  As in  Experiment tPLl,

there  was an a b s o l u t e , t h o u g h  n ot  r e l a t i v e , i n c r e a s e  o f  l e u c c b l a s t i o  

t i s s u e .  The lym p h at ic  g l a n d s , a s  i n  the  prev iou s  experim ent,



c o n t a in e d  a l a r g e  anount o f  y e l l o w  pigment which d id  n ot  g i v e  th e  

i ro n  r e a c t i o n ,

EXPERIMENT XI',

Rabbit 25, weigh t  1460 grms.

Bay. :Red C o r p u s c l e s .  Le u c o c y t e s . Haemoglobin Colour Index ,

Ĉ ' 5 , 9 6 0 , 0 0 0 5 ,3 0 0 82 1 . 0

M- 5 , 9 0 0 , 0 0 0 15,600: 80 1 . 0

23- 3 , 8 2 0 , 0 0 0 2 7 ,0 0 0 58 1 . 0 9

3 3 , 2 0 0 , 0 0 0 2 9 ,0 0 0 50 1 . 1 2

4 1 , 6 9 0 , 0 0 0 2 7 ,500 38 1 .7

5 1 , 1 7 0 , 0 0 0 4 0 ,0 0 0 22 1 ,3 6

6 1 , 8 6 0 , 0 0 0 19 ,400i . 34 1 . 3

7 2 , 6 4 0 , 0 0 0 2 7 ,0 0 0 48 1 . 3

8 3 , 1 9 0 , 0 0 0 1 3 ,1 0 0 52 ' 1 .1 8

9 3 , 8 3 0 , 0 0 0 9 ,0 0 0 60 1 . 1 2

10 4 , 7 3 0 , 0 0 0 8 ,0 0 0 66 1 . 0

11 4 , 8 4 0 , 0 0 0 6 ,0 0 0 68 1 . 0

1 c 

1 c 

^ ' i c

, 0 . o f  h a e m o ly t i c  

. 0 ,  :

. 0 ,  :

serum i n j e c t e d  i n t r a v e n o u s l y . -  

• •

• *# •

The h ig h  l e u c o c y t e  ooun t s  are  p a r t l y  due to  the p resen ce  o f  e r y t h r o -

b l a s t s •

In t h i s  exper im ent  th e  anaemia was ra th e r  l e s s a c u t e .  The p o in t

of  grs a t e s t  i n t e r e s t  in the  b lo o d Was the  marked s r y th ro b la s  t  i  c .

r e a c t io n  /v h ic h  appeared about the second day -.-nd cont inued  through
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th e  g r e a t e r  p a r t  c f  th e  exp er im en t .  Many o f  th e  n u c l e a t e d  red c e l l ;  

e x h i b i t e d  b e a u t i f u l  p u n c ta te  b a s o p h i l i a  o f  t h e i r  p ro top lasm .  

P ost -m orte m . The changes  found in  t h i s  c a s e  were e x a c t l y  s i m i l a r  

to  t h o s e  o f  t h e  p r e v io u s  exper im ent ,

Prom th e  above p r o t o c o l s  i t  w i l l  be observed th a t  in  a l l  c a s e s  

marked anaemda f o l l o w e d  the  i n j e c t i o n  o f  th e  serum,a n d , in  s i x  o f  the  

exp er im en ts  t h e r e  was a l s o  h a em o g lo b in u r ia .  The s e v e r i t y  o f  th e  

anaemia ,and th e  r a p i d i t y  o f  i t s  c o u r s e , v a r i e d  much in  d i f f e r e n t  

c a s e s .  In s e v e r a l  exper im ents  a s i n g l e  i n j e c t i o n  was s u f f i c i e n t  to  

d e s t r o y  f u l l y  t w o - t h i r d s  o f  th e  a n im a l ' s  c o r p u s c l e s .  In o t h e r  ex­

p er im en ts  more than one i n j e c t i o n  was required  to b r in g  about marked 

anaemT a .  I t  was e v i d e n t  in  some o f  the  l o n g e r  and more ch ro n ic  

ex p er im en ts  t h a t  a c e r t a i n  d egree  o f  irnm-unity to the  serum had been  

d e v e lo p e d .  I t  i s  a l s o  very  noteworthy  th a t  in  one experiment a 

f a l l  i n  th e  nuïnber o f  c o r p u s c l e s  o f  f i v e  m i l l i o n  per c.mm. to o k  

p la c e  w i t h i n  f i v e  d a y s , w i t h o u t  any haemoglobin appearing in  the  

u r i n e .  An im portant  p o in t  o b s e r v e d , t o o , i s  th a t  as a r u le  th e  f u l l  

e f f e c t  o f  th e  i n j e c t i o n , a s  ev idenced  by th e  f a l l  in  the  red c e l l  

c o u n t , i s  n o t  reached u n t i l  about th e  t h i r d  day a f t e r  an i n j e c t i o n .
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THE HEBUITP. 0 ?  THE EXPI5RIMRHTB,.

The most  im p ortan t  r e s u l t s  are  concerned w i t h  th e  m o r p h o lo g ic a l  

changes  produced i n  th e  p e r i p h e r a l  "blocd,and i n  th e  hone marrow.

These w i l l  now he d i s c u s s e d  i n  g r e a t e r  d e t a i l .

Changes i n  t h e  h l o c d , ITien t h e  h lood  d e s t r u c t i o n  has been  rapid  

as in  th e  s i x  f i r s t  e x p e r i m e n t s , s trom ata  or  "shadows" o f  red c o r ­

p u s c l e s  may be seen  i n  c o n s i d e r a b l e  numbers on th e  day f o l l o w i n g  an 

i n j e c t i o n .  C o r p u sc le s  which have l o s t  part  o f  t h e i r  haem oglob in ,  

so t h a t  o n ly  a narrow r in g  a t  t h e  p er ip h ery  s t a i n s  p ink  w i t h  e o s i n ,  

are  a l s o  found ( s e e  P i g . / J ,  These ch a n g es ,w h ich  soon d i s a p p e a r ,  

c o n s t i t u t e ,a lo n g  w i t h  th e  f a l l  in  th e  number o f  red c o r p u s c l e s  and 

drop in  t h e  haem oglob in  p e r c e n t a g e , th e  d i r e c t  e v id e n ce  o f  b lo o d  

d e s t r u c t i o n .  The c h i e f  and most i n t e r e s t i n g  a l t e r a t i o n s ,however,  

are dependent  on t h e  p r o c e s s  o f  b lo o d  r e g e n e r a t io n ,a n d  th e  f i r s t  o f  

t h e s e  i s  th e  appearance  c f  b a s o p h i l  or  p o ly chromâtop h i1 m e g a lo c y te s  

in  th e  c i r c u l a t i o n  ( s e e  E i g s . l a n d Z ) ,  A few o f  t h e s e  may be seen  on 

the  day f o l l o w i n g  th e  f i r s t  i n j e c t i o n , b u t  i t  i s  u s u a l l y  cn th e  second  

day t h a t  t h e y  b e g i n  to  appear in  any number. T h e r e a f t e r  t h e y  b e ­

come more and more numerous. These b a s o p h i l  m e g a lo c y te s  are  un­

d o u b ted ly  young and immature c o r p u s c l e s , and when e r y t h r o b l a s t s  some 

o f  them corresp on d  w i th  th e  former c e l l s  in  s i z e  and in  s t a i n i n g  

r e a c t i o n  o f  th e  pro top lasm .  At f i r s t  t h e r e  i s  a marked d i s t i n c t i o n  

between t h e s e  immature m e g a lo c y te s  and the  o ld  red c o r p u s c l e s ,  the  

b lu i s h  s t a i n i n g  o f  th e  former c o n t r a s t i n g  w i t h  the pure e o s i n o p h i l  

rea c t io n  o f  t h e  l a t t e r .  I t  must be noted however , th a t  n o t  a l l  th e  

newly formed m e g a lo c y te s  are  b a s o p h i l  in  s t a i n i n g  r e a c t i o n ,  .
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Whenever e r y t h r o b l a s t s  appear i n  th e  c i r c u l a t i o n  th e  protop lasm  o f  

many c f  them has  ahpure e o s in  s t a i n i n g , a n d  the  m e g a lo c y t e s  d e r iv e d  

from t h e s e  w i l l  have t h e  Same r e a c t i o n .  T h ere fo re  i t  must be th a t  

two k in d s  o f  young c o r p u s c l e s  e n t e r  th e  b lo o d  s tream; f i r s t , c o r p u s -  

c l e s  o f  noriTial or somewhat above normal s i z e  and w i t h  pure e o s i n ­

o p h i l  r e a c t i o n , and s e c o n d , t h e  l a r g e r  b a s o p h i l  m e g a l o c y t e s .  The 

former w i l l  be  d i s t i n g u i s h a b l e  o n ly  w i th  d i f f i c u l t y  from th e  pre­

e x i s t i n g  c o r p u s c l e s ,w h i l e  th e  l a t t e r  are  r e a d i l y  i d e n t i f i e d .  I t  i s

th e  s i z e  c f  th e  b a s o p h i l  m e g a lo c y te s  which i s  so notew orthy  in  th e  

anaemia produced by t h e  serum. In none o f  th e  o th e r  e x p e r im e n ta l  ' 

anaemias to be  d e s c r i b e d  were such l a r g e  c e l l s  met w i t h ,a l t h o u g h  

s m a l l e r  c e l l s  o f  th e  Same typ e  were f r e q u e n t .  Thus,we would l a y  

e s p e c i a l  s t r e s s  on t h e  f a c t  th a t  in  the anaemia induced  by th e  serum 

the b lo o d  p i c t u r e  i s  more d e f i n i t e l y  m e g a lo c y t i c , a n d  more c l o s e l y  

resem bles  th e  c o n d i t i o n  seen  i n  p e r n i c i o u s  anaemia i n  man,than in  

any o f  our o t h e r  ex p e r im e n ts .  As th e  anaemia p r o g r e s s e s  a number 

o f  th e  o ld  e r y t h r o c y t e s  apparently/ d im in ish  in  s i z e , s o  t h a t  co rp u s ­

c l e s  o f  o to  0 ^  in  d ia m e ter  (m icro cy tes )  .,which s t a i n  i n t e n s e l y  w i t h  

e o s i n , a r e  p r e s e n t .  The r e s u l t  o f  a l l  t h e s e  changes  i s  t h a t  about  

the end o f  a week,-when t h e  anaemia i s  very  marked,and r e g e n e r a t io n  

going  on r a p i d l y , g r e a t  v a r i a t i o n s  in  the  s i z e  o f  the  c o r p u s c l e s  are  

seen ( s e e  Eig,f>).-  C a r e fu l  measurements in  f r e s h  u n s ta in e d  f i l m s  at  

t h i s  t im e showed t h a t  t h e  c o r p u s c l e s  v a r ie d  in  d iam eter  from 3 to 

9 , 5 y ^ i n  d ia m e t e r .  C orpuso les  o f  a l l  d eg re e s  o f  b a s o p h i l i a  are  

]T.et w i th  a t  t h i s  s t a g e .  As the  animal r e co v e r s  t h e r e  i s  a compar­

a t i v e l y  rapid  change in  the  b lo o d  p i c t u r e .  The b a s o p h i l  r e a c t i o n  

i r  the e r y t h r o c y t e s  p a s s e s  o f f , a n d  a t  the  same time the.  v a r i a t i o n s
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i n  s i z e  g r a d u a l l y  d i s a p p e a r , s o  t h a t  b e f o r e  th e  b lo o d  count ha? r e -
/

turned  to  normal th e  c e i l s  may be n e a r l y  uniform i n  s i z e  (see:  F i g . ^ )  

These changes  i n  s i z e  and i n  s t a i n i n g  r e a c t i o n  ,which may o c cu r  in  a 

few days  a r e  in d eed  v e ry  remarkable .  One can imagine th e  m eg a lc -  

c y t e s  undergo ing  c o n t r a c t i o n , b u t  i t  i s  l e s s  l i k e l y  th a t  th e  m ic r o ­

c y t e s  i n c r e a s e  i n  s i z e ;  y e t  e i t h e r  t h i s  o ccu rs  or they  must be  

r a p i d l y  d e s t r o y e d ,

P u n c ta te  b a s o p h i l i a  was a f a i r l y  common,but very v a r i a b l e  f e a t u r e  

o f  th e  anaemia ( s e e  P i g . 3,).  As a r u l e  i t  appeared l a t e r  on in  th e  

exper im ent  and su b seq u en t  to th e  occu rren ce  o f  the  d i f f u s e  b a s o ­

p h i l i a .  I t  seems c e r t a i n , i n  t h e s e  experim ents  a t  l e a s t , t h a t  i t  i s  

s im ply  a f u r t h e r  s t a g e  o f  p o ly c h r c m a to p h i l i a ,d u e  to th e  b a s o p h i l  

su b s ta n c e  becoming condensed i n t o  f o c i , a n d  not  a d e g e n e r a t i v e  change  

in  any way.

Marked o o i k i l o c y t c s i s  -'a? n e v e r  met w i t h .  When th e  anaemia was 

se v e r e , s o m e  v a r i a t i o n  i n  shape was p r e s e n t  a long  w i th  the  g r e a t  

v a r i a t i o n  i n  s i z e  a l r e a d y  r e f e r r e d  t o .  But the  change was com­

p a r a t i v e l y  s l i g h t  as compared w i t h  what i s  found in  p e r n i c i o u s  

anaemia in  man. I t  i s  probable  t h a t  a t im e element p la y s  a part  in  

the development  o f  p o i k i l o c y t o s i s , and our experiments  were o f  co u r se  

of  veryr b r i e f  d u r a t io n .

N u c lea ted  red c o r n u s c l e s  were found in  th e  b lood  i n  a l l  th e  ex­

p e r im e n ts ,b u t  in  very  v a r y in g  numbers. Those which appear f i r s t  

are a l l  n o rm o b la s t s  ( s e e  B i g . g J .  L a t e r , g e n e r a l l y  about the  f o u r th  

' o r  f i f t h  d a y , m e g a l o b l a s t s  a l s o  appear ( see  B i g . 4 ) ;  protoplasm  o f  

th ese  i s  f r e q u e n t l y  b a s o p h i l , o r  e l s e  shows marked p uncta te  b a s c ^ h i l i  

The number o f  e r v t h r o b l a s t s  o r e s e n t  bore  no r e l a t i o n  to th e  r a p i d i t y
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o f  b lo o d  r e g e n e r a t i o n .  In one experiment t h e  number c f  n u c l e a t e d  

reds in  t h e  b l e e d  was found on one o c c a s io n  to be 9 ,5 0 0  per c .mm.,  

but  as  a r u l e  t h e y  were much l e s s  numerous than t h i s .

The Colour Ind ex  i n  p r a c t i c a l l y  a l l  th e  exper im ents  i n  which the- 

haemoglobin  waS e s t im a te d ,b ec a m e  d e f i n i t e l y  r a i s e d  dur ing  the h e i e h t  

c f  t h e  anaemia .  The h i g h e s t  Index  met w i t h  was 2 . 1 4  on th e  s i x t h  

day o f  Experiment v m .  ; o t h e r  I n d i c e s  o f  1 .5  to 1 .7  were m̂ et w i t h  

more than o n c e .  As a r u l e  th e  h i g h e s t  Index  corresponded very  

c l o s e l y  to  th e  g r e a t e s t  d e g r e e s  o f  anaemia.

The L e u c o c y te s  were as  a r u l e  in c r e a s e d  during  the  e x p e r i m e n t , 

but to  a v e r y  v a r y in g  d e g r e e .  The d i f f e r e n t i a l  count o f  th e  w h i t e  

c e l l s  seems to v: ry c o n s i d e r a b l y  in  th e  normal r a b b i t ,  T/here 

d i f f e r e n t i a l  co u n ts  were made h o w e v e r , in  experimients where t h e r e  wa,s 

a c o n s i d e r a b l e  l e u c c c y t o s i s , t h e r e  appeared to  be  a. d i s t i n c t l y  i n ­

crea sed  p e r c e n t a g e  o f  l /mnphccytes , In a few experimients d i s t i n c t  

pyknotic  change was s e e n  in  some o f  the  l e u c o c y t e s  in  the  b lood  

f i l m s ,which fhcws t h a t  th e  serum used had some 1 eueo t o x ic  a c t i o n  as  

w e l l  as i t s  h a e m o ly t i c  e f f e c t s .

The b lo o d  p l a t e l e t s  were always  markedly in c r e a s e d  i n  number 

during t h e  e x p e r im en t .  In one c a s e  where a count was made by 

Aynaud's m e th o d , th e y  were found to  number about 1 ,2 0 0 ,0 0 0  per c.mm.

The r a t e  o f  r e g e n e r a t i o n  c f  th e  b lood  was extrem ely  r ap id .

Thus i n  Experiment iTLll. t h e r e  was f o r  t h r e e  days an average  d a i l y  

i n c r e a s e  c f  8 7 0 ,0 0 0  per  c.mm. ; i n  Experiment X. f o r  seven days an 

average i n c r e a s e  o f  3 5 0 ,0 0 0 ;  and i n  Experiment XI. f o r  f i v e  days an 

i^verage i n c r e a s e  o f  7 0 0 ,0 0 0 .  Oantacuzene observed th e  same th in g  

in h i s  e x p e r im e n ts ,a n d  Ritz,(^s we have a l s o  seen in  our own woru)



76"-

f i r s t  r o i n t e d  out  t h a t  t h e  b l e e d  r e g e n e r a t i o n  'vas n e t  n e a r l y  so 

ra^id a f t e r  haemorrhage as  a f t e r  b lo o d  d e s t r u c t i o n .  The r. rob a b l e  

reason  f o r  t h i s  i e  th  t  a f t e r  b l e e d  d e s t r u c t i o n  th e  haem oglobin  

d e r i v a t i v e s  a r e  a v a i l a b l e  f o r  purposes  o f  b lo o d  r e g e n e r a t i o n .

Changes i n  t h e  bone marrow. These are  o f  two c h i e f  t y o e s .

In th e  a c u t e  c a s e s  some e v id e n c e  o f  a d i r e c t  t o x i c  a c t i o n  o f  t h e  

serum on t h e  bone marrow i s  met w i t h .  . But th e  t o x i c  changes are  

r e a l l y  e x t r e m e ly  s l i g h t ,when campared w i t h  what occu rs  as  a r e s u l t  

o f  th e  a c t i o n  o f  some b lo o d  p o i s o n s , e . g .  Saponin .  The e v id e n c e s  

found o f  a d i r e c t  d e s t r u c t i v e  e f f e c t  on th e  marrow are c h i e f l y  the  

p r e s e n c e  o f  k a x y o r r h e x i s  a n d .o t h e r  d e g e n e r a t i v e  changes  in  some o f  

the  m y e l o c y t e s .  The t o t a l  number o f  c e l l s  i n  the  marrow a l s o  in  

such c a s e s  appears  to be somewhat d im in ish ed  below the  normal.

These changes  a.re o n ly  met w i t h  in  the  a c u te  experim ents  o f  sh o r t  

d u r a t io n .

In th e  more c h r o n ic  c a s e s ,w h e r e  recovery  was go ing  on when th e  

animal was k i l l e d , t h e  changes  found are  a l l  o f  a r e a c t i v e  or  regen­

e r a t i v e  n a t u r e .  In s e c t i o n s  o f  marrow t h e r e  i s  found to be a g r e a t  

i n c r e a s e  in  t h e  c e l l u l a r  e l e m e n t s ,w i th  a correspond ing  marked d imin­

u t io n  In s i z e  o f  t h e  fat. s p a c e s .  This  i n c r e a s e  o f  c e l l s  i s  seen  to  

be due to  t h e  p r e s e n c e  o f  l a r g e  a r e a s  o f  e r y t h r o b l a 3 t s , i n  which  

many m i t i t i c  f i g u r e s  are  n o t i c e a b l e .  These groups o f  c e l l s  _%re 

made up o f  e l e m en ts  o f  very  v a r y in g  s i z e  and development.  By means 

of  the Oxydase r e a c t i o n , Carried out a f t e r  the  method d e s c r ib e d  by 

Shaw D u n n , i t  became e v id e n t  at  once th a t  t h e s e  c e l l s  were in  no 'vay 

connected w i t h  th e  m y e lo c y te  s e r i e s , s i n c e  the  r e a c t io n  was i n  a l l  o f  

them a b s o l u t e l y  n e g a t i v e .  The p o s s i b i l i t y  a r o s e  h o w e v e r , th a t  some
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o f  them m ight  be  ly m p h o c y te s ,w h io h  t h e y  r e s e r b l e  c l o s e l y  when s t a i n ­

ed by c e r t a i n  m ethods ,and  e s p e c i a l l y  when dry f i x e d  f i l m s  a r e  ex­

amined. T h is  p o s s i b i l i t y  had to  be considered"more c l o s e l y  s i n c e  

Blum entha l  and Morawitz ,and P r i c e  Jones  ( b o t ^ d e s c r i b e  an i n c r e a s e  o f

lym phocytes  in  t h e  bene marro?/ f o l l o w i n g  haemorrhage.  Prom c a r e f u l  

exam inat ion  o f  th e  c e l l s , h o w e v e r , i n  wet f i l m s  f i x e d  i n  s a t u r a t e d  

c o r r o s i v e . s u b l i m a t e  and s t a i n e d  w i t h  -d i lu te d  E h r l i c h ' s  T r i a c i d  s t a i n  

th e  c h a r a c t e r s  o f  th e  c e l l  n u c l e i  and the  va ry in g  amount o f  haemo­

g l o b i n  i n  t h e ’ proto  plasm , cou ld  be  much more e a s i l y  s e e n .  I t  became  

p r a c t i c a l l y  c e r t a i n  in  t h i s  way th a t  the  grours  o f  c e l l s  were ccm- 

posed s o l e l y  r f  e r y t h r o b l a s t s .  P u r th er  suppprt in  the  same 

d i r e c t i o n  a f f o r d e d  by th e  a p p l i c a t i o n  o f  th e  Altmann-Schridde ' 

method o f  s t a i n i n g  g r a n u le s  i n  lym phocytes .  In none o f  th e  c e l l s  

under d i s c u s - i o n  co u ld  such g r a n u l e s , b e  d e m o n str a te d ,whereas in  a 

lym phatic  g la n d  s t a i n e d  as  a c o n t r o l  th e  g r a n u le s  were p e r f e c t l y  

d e p i c t e d .

The. p r e s e n c e  i n  the  bone marrow o f  t h e s e  masses  o f  e r y t h r o b l ^ s t s  

in a l l  s t a g e s  c f  d e v e lo p m e n t , can be c o r r e l a t e d  w ith  th e  appearances  

found i n  th e  p e r i p h e r a l  b lo o d .  E r y th r o c y te s  are  normally  d e r iv e d  

from th e  s m a l l e s t  e r y t h r o b l a s t s ,which in  th e  r a b b it  have a d ia m eter  

of  6 . ^ , and g i v e  as  a r u l e  a p u r e ly  e o s i n o p h i l  r e a c t io n  i n  t h e i r  

protoplasm. The e r y t h r o b l a s t s  o f  a s t a g e  f u r t h e r  back are  ^ o r  

nore in  d ia m e t e r ,a n d  t h e i r  protoplasm i s  d i s t i n c t l y  .basophi l .  I t  

i s  q u i t e  e v i d e n t l y  from t h e s e  l a t t e r  c e l l s  th a t  the  b a s o p h i l  megalo-  

o y t e s ,w h ic h  are  so c h a r a c t e r i s t i c  o f  th e  b lood  p ic t u r e  induced by 

fhe h a e m o iy t ic  serum ,are  d e r i v e d .  In the e a r l y  s t a g e s  o f  the  

anaemia th e  f i r e t  afonciTal c e l l s  r e c o g n i s a b l e  in  the  b l o o d  f i l m s
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are  n crm c b la s t?  and b e s c p h i 1 m e g a l o o y t e s .  "These two tynea  o f  c e l l s  

r e p r e s e n t  a c t u a l l y  th e  samie s t a g e  i n  development  from & m e g a l c b l a - t  

The form er  t y p e  d e v e l o p s  by m i t i t i c  d i v i s i c n , a n d  by i t s  protoplasm  

becoming g r a d u a l l y  mors e o s i n o p h i l ;  th e  l a t t e r  ty p e  d e v e lo p s  s im p ly  

by l o s s  o f  t h e  n u c l e u s  o f  th e  e r y t h r o b l a s t s .

Changes in  o t h e r  o r g a n s . These are  n e t  o f  n e a r l y  the  Same im­

p o r ta n c e  as t h e  f o r a g e i n g .  I t  i s  e v id e n t  t h a t  th e  a c t i o n  o f  th e  

h a e m o iy t i c  serum i s  o f  th e  n a tu r e  o f  an e x t r a - c e l l u l a r  l y s i s  o f  the  

b lo o d  c o r p u s c l e s  in  t h e  c i r c u l a t i n g  b lo o d ,a n d  does  not  depend on th e  

a c t i v i t y  o f  any c e l l s  i n  th e  o rg a n s .  This  i s  i n  c o n t r a s t  to what  

i s  found to  be  t h e  c a s e  w i t h  o t h e r  b lood  d e s t r o y i n g  a g e n t s , 9 . g .  

T o lu y le n d ia m in .  P h a g o c y t o s i s  o f  red c o r p u s c l e s  does  occur i n  th e  

s p l e e n  s i n u s e s  in  t h i s  anaemia,and pigment i s  a l s o  d e p o s i t e d .

These changes  a r e , h o w e v e r , r e l a t i v e l y  s l i g h t .

In a l l  th e  a c u te  C a s e 3 , a n d  in  the  m a jo r i t y  o f  th e  more ch ron ic  

ones a w e l l  marked h a e m cs id er in  r e a c t i o n  was o b ta in ed  in  th e  l i v e r ,  

k id n e y s ,a n d  s p l e e n .  The r e a c t i o n  was most marked in  th e  a c u te
V

e x p e r im e n ts ,a n d  i t  i s  notew orth y  t h a t  a v e ry  c o n s id e r a b l e  r e a c t i o n  

could  be  induced  i n  an animal i n j e c t e d  l e s s  than t w e n ty - fo u r  hours  

b efo reh a n d .  In th e  k id n ey s  th e  r e a c t io n  was always most i n t e n s e  

where h a e m o g lc b in u r ia  had been p r e s e n t .  The r e a c t io n  in  th e  organs  

Was in  ev e r y  c a s e  d i f f u s e , e x c e p t  in  one exoeriment where th e  r a b b i t  

was a l lo w e d  to  l i v e  f o r  over  s e v e n ty  days;  in  t h i s  animal  f i n e  

g ra n u les  were found in  th e  c e l l s  o f  th e  l i v e r  and k id n e y s .  I t  i s  

i n t e r e s t i n g  to  o b se r v e  th a t  th e  h a em cs id er in  r e a c t i o n  i n  th e  k idneys  

was found in  an e x a c t l y  s i m i l a r  s i t u a t i o n  where i t  occurs  i n  

p e r n ic io u s  anaemia in  m an,the  c e l l s  o f  the  co n v o lu ted  t u o u le e  ,c-.r.u
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o f  H e n l e ' s . t u b u l 9 3 ; g i v i n g  th e  p r u ss la n  b l u e  t e s t  a l o n e ,

OOhClUSIOhS.

1 .  The anaemia produced by t h e  h a e m o iy t i c  serum used  i s  c h a r a c t e r ­

i s e d  by th e  e a r l y  appearance  o f  b a s o p h i l  (po lych rom atop h i l )  m éga lo ­

c y t e s .  These c e l l s  a f t e r w a r d s  i n c r e a s e  g r e a t l y  in  mumber,so th a t  

th e  anaemia a s s i s t e s  a v e r y  d e f i n i t e l y  m e g a lo c y t i c  ty p e .

2. C o in c id e n t  w i th  th e  m e g a l o c y t i c  type  o f  b l o o d , t h e  Colour  

Index becomes markedly  r a i s e d .

3.  N u c le a t e d  red c e l l s  appear in  th e  p e r i p h e r a l  b l o o d ,b u t  are  

n ever  v e r y  numerous. Both n orm ob las ts  and m e g a lo b la s t s  occu r .

4. In a s s o c i a t i o n  w i t h  th e  changes  i n  th e  b l o o d , t h e r e  i s  a marked 

e r y t h r o b l a s t i c  r e a c t i o n  i n  th e  bone marrow,

5 .  P h a g o c y t o s i s  o f  red c o r p u s c l e s  in  th e  sp le e n  and o t h e r  organs  

i s  not  a prominent f e a t u r e  o f  t h i s , a s  i t  i s  o f  o t h e r ,e x p e r i m e n t a l  

anaemias .

6. An. i n t e n s e  h a e m o e id s r in  r e a c t i o n  is- g iv e n  by l i v e r ,k i d n e y s , 

and s p l e e n , e s p e c i a l l y  i n  th e  a c u t e  ex p er im en ts ,

7. t i l  en r e c o v e r y  from th e  anaemia i s  ta k in g  p l a c e , t h e  reg en er ­

a t io n  o f  th e  b lo o d  i s  verj^ r a p id ,a n  average  d a i l y  i n c r e a s e  o f  

500 ,000  red c o r p u s c l e s  per c.mm, b e in g  not  uncommon.

8 .  ÎJo m y e lo id  t r a n s f o r m a t io n  i s  found i n  the  s p le e n  or o t h e r  

o r g a n s ,a s  o c c u r s  i n  some ex p er im e n ta l  anaemias.
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R i t z

Dunn, J.  Shaw

J o n e s ,  C. P r i c e

DESCRIPTION OF FIGURES.

F i g .  1 .  F i lm  o f  b lo o d  from Experiment 111,  , on the  t h i r d  day a f t e r  

t h e  f i r s t  i n j e c t i o n .  Shows "shadows",and i m p e r f e c t l y  

s t a i n e d  c o r p u s c l e s .  Two b a s o p h i l  m eg a lo cy tes  are  a l s o  

s e e n .

F ig .  2.  F i lm  o f  b lo o d  from Experiment 10.1, ,on the  second day f t e r  

t h e  f i r s t  i n j e c t i o n .  Shows t h r e e  l a r g e  b a s o p h i l  mégalo­

c y t e s .

F ig ,  3.  F i lm  o f  b lo o d  from th e  same experiment as the  p r e c e d i n g ,  

on t h e  f i f t h  day o f  th e  experiment.  Shows two normo­

b l a s t s , a n d  one c o r p u s c l e  w i th  punctate  b a s o p h i l i a .



% .

:Fig. 4.  F i lm  o f  b lo o d  a t i l l  from t h e  same experiment  ,cn th e  e i g h t h

day.  ; Shows a m e g a l c b l a s t  and a l a r g e  b a S o p h i l  m ega lo -  

c y t e .

F i g .  5 .  F i lm  o f  b lo o d  from Experiment V l l l .  ,on th e  s e v e n th  day.

Shows marked v a r i a t i o n s  in  th e  s i z e  o f  th e  c o r p u s c l e s  and 

s l i g h t  p o i k i l o c y t o s i s .

F i g .  6,  F i lm  o f  b lo o d  from th e  Same experiment as  th e  p r e c e d i n g ,

s i x  days l a t e r ,  . Shows th e  rap id  return  to  com parat ive  

r e g u l a r i t y  in  t h e  appearance o f  th e  c o r p u s c l e s .

F i g .  7,  F i lm  o f  b lo o d  from Experiment XI.  ,during t h e  s t a g e  o f  r e ­

g e n e r a t i o n ,  Shows marked p o l y c h r o m a t o o h i l i a , p u n c ta te  b a s o ­

p h i l i a , a n d  a l a r g e  p r o p o r t io n  o f  m e g a lo c y te s .  J e n n e r ' s  

S t a i n .

F ig .  8 .  F i lm  o f  bone marrow from Experiment V l l ,  , shewing th e  marked

e r y t h r o b l a s t i c  r e a c t i o n  which occu rs  during the  p r o c e s s  o f  

r e c o v e r y .  The l a r g e  c e l l s  w i th  g r e e n i s h  n u c l e i  and f a i n t l y  

h a e m o g l o b i n - t i n t e d  protoplasm are  m e g a l o b l a s t s ,  E h r l i c h ' s  

t r i a c i d  S t a i n ,

( A l l  f i g u r e s  x  1 0 0 0 . )

F i g ,  9. S e c t i o n  o f  k id n ey  from Experiment 11,  , s h o w in g  g r e a t  numbers

o f  h a e m o g l o b i n  c a s t s  i n  t h e  c o n v o l u t e d  t u b u l e s i

( X 100 )
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B.

THE AlIAEtilA PHOBUCBD BY THE IHJECTIOH OE THE HAEMOLYSIH OBTAIEED 

ERÛM STREPTOCOCCI,



Although v-.rious h a o t e r i a  are  known to  he  a h l e  to  produce toxins 

which a r e  h a e m o iy t i c  , v e r y  few o f  t h e s e  h a e m o iy t i c  b a c t e r i a l  toxins 
have  b een  u sed  to bring about e x p e r im e n ta l  anaemias i n  animals*  

S t a p h y l o c o c c i  , streptococci ,the c h o l e r a - l i k e  vibrios,B, tetani ,-:.nd 

B. megatherium a l l  produce h a e m o ly s in s ,a n d  while a l l  o f  them have  

been shown to  p o s s e s s  a l y t i c  e f f e c t  within the animal  body a- w e l l  

as in the test-tube,only s'taphylolysin and v i b r i o l y s i n  have been  used  

experimentally to c a u s e  anaemia.

Kraus and St. Ludwig (1902) ,by i n j e c t i n g  cultures of a c t i v e l y  

h a e m o iy t i c  but relatively avirulent staphylococci or cholera-like 

vibrios,were a b l e  to bring about an anaemia o f  secondary type in  

rabbits. They record a fall of 2 to  3 million red corpuscles,and 
the appearance cf norm ob las ts  and poïkilocytes in the circulating 
blood. They obtained similar results with filtrates of these cult­

u r e s , b u t  give no details of th e  experiments,

Streng (1902) a l s o  produced anaemia in rabbits by injecting 
staphylolysin,while Schur (1905) confirmed the  results of Kraus a,nd 

St, Ludwig's e x p e r im e n ts .

Cssaris-Demel (1897) and Czeczcwiczka (1903) s tu d ie d  t h e  amount 

and d i s t r i b u t i o n  of t h e  h aem cs id er in  in  the  organs o f  animals  i n -  

j e c t e d  w i t h  s ta p h y lo ly s in , . : ;n d  found the  d e p o s i t  most abundant i n  th e  

s p l e e n .  The l a s t  named a u th o r  d e s c r i b e s  l o c a l i s e d  f o c i  o f  n e c r o s i s

in the  livers of some of his experimental a n i m a l s .

The h a s m p l v s i n  obtained from streptococci h a s  n e v e r  apparently



be^n used  b e f c i e  In e x p e r im e n ta l  on anaemia. This  aeeme e x t r a ­

o r d in a r y  ;'hen th e  prominence 'h ich has been giw^n to th e  work c f  

W il l ia m  Hunter in  c o n n e c t i o n  w i t h  h i s  t h e c r y  o f  o r a l  s e p s i s  and 

s t r e p t o c o c c i  in  t h e  e t i o l o g y  o f  p e r n i c i o u s  anaemia i -  c o n s i d e r e d .

The p ro b a b le  reason  f o r  th e  a b se n ce  c f  such exper im ents  up t i l l  now 

i s  t h a t  u n t i l  very/ l a t e l y  o n ly  v er y  weakly h a em o iy t ic  f i l t r a t e s  were  

o b t a in e d  from s t r e p t o c o c c i .  Many authors  have indeed  f a i l e d  to  ob­

t a i n  h a e m o iy t i c  f i l t r a t e s  a t  a l l ,but  a c t i v e  f i l t r a t e s  have been  ob-  

t a i n e d ; h o ^ e v e r , b y  Besredka  ( l 9 0 1 ) , R u e d i g e r  (1905);K erner  ( 1 9 0 5 ) ,  

T c h i t c h i k i n e  ( 1 9 0 6 ) , T u p i l l e  ( 1 9 1 1 ) , McLeod ( 1 9 1 2 ) , and Braun ( 1 9 1 2 ) .

Hone o f  t h e s e  o b s e r v e r s  were a b l e  to  prove th e  occu rren ce  o f  haemc-#
l y s i s  in  th e  c i r c u l o t i n g  b lo o d  o f  a n i m a l s , s o  t h a t  they  d id  not  s u s ­

p e c t  t h a t  an an a em ia ,su c h  at  occurred  in  th e  experim ents  to  be d e s ­

c r ib e d  h e r e , c o u l d  be  brought  about .

How from t h e  p o in t  o f  View o f  ana logy  w i t h  human p a th o lo g y  exper­

iments  w i t h  s t r e p t o l y s i n  should  be  p e c u l i a r l y  i n t e r e s t i n g .  S t r e p t o ­

l y s i n  d i f f e r s  from a l l  o t h e r  h a e m o iy t ic  b a c t e r i a l  t o x i n s  ex c ep t  t h o s e  

o b ta in e d  from B. t e t a n i  and B, megatherium in  b e in g  a c t i v e l y  haemo­

i y t i c  f o r  human b l o o d ,as  w e l l  as f o r  t h a t  o f  c e r t a i n  o t h e r  mammals ; 

a l s o  i t  i s  a t o x i n  produced from an organism capable, o f  in v a d in g  the  

human t i s s u e s ,u n l i k e  t h e  o t h e r  two m entioned .  Further  i t  v a r i e s

from a l l  o t h e r s  b a c t e r i o l y s i n s  y e t  d e s c r ib e d  in  t h a t  no fo rm a t io n  c f  

a n t i - s u b s t a n c e  f c l l o w g  i t s  r ep ea ted  i n j e c t i o n  i n to  a n im a ls ,a n d  no 

immunity to  i t s  h a e m o iy t i c  e f f e c t s  i s  o b ta in e d .  A l l  t h e s e  p o i n t s ,  

in  r e f e r e n c e  to  H u n ter ' s  th e o r y  o f  p e r n ic io u s  a n a em ia , s u g g e s t e d  th^t  

the s tu d y  o f  ,;n e x p e r im e n ta l  anaemia produced by s t r e p t o l y s i n  would  

o f  c o n s i d e r a b l e  i n t e r e s t  and v a lu e .



Only seme s t r a i n s  c f  s t r e p t o c o c c i  produce a h a e m o ly s in ,a n d  t h e  cne

used  in  th e  f o l l o w i n g  experim^n": was the  most a c t i v e l y  h a e m o iy t i c  c f

some s e v e n t y  v a r i e t i e s  i n v e s t i g a t e d  by McLeod. I t  was o b ta in e d
/

o r i g i n a l l y  from an a c u t e  su p p u ra t io n  in  th e  k n e e - j o i n t  o f  a man,and

has r e t a i n e d  i t s  a c t i v e  q u a l i t i e s  as  f a r  as  th e  p r o d u c t i o n ' o f  a

h a e m o ly s in  g o e s  f o r  a pro longed  per iod  i n  s u b - c u l t u r e .

Bor th e  h a e m o ly s in  used in  t h e s e  exper im ents  I ajn in d e b ted  to  

Dr, J.  W. McLeod,who has  a l r e a d y  p u b l i sh e d  th e  method used in  i t s  

p r e p a r a t i o n .  W hile  making the  haem olys in  f o r  t h e s e  e x p e r im e n t s ,h e  

was a b l e  to  improve on h i s  p u b l i sh e d  method,and in  f a c t ,he prepared  

th e  most  a c t i v e l y  h a e m o iy t i c  t o x i n s  f o r  human b l o o d .d e r iv e d  from 

b a c t e r i a , w h i c h  have been  so f a r  d e s c r i b e d .

Dor c l e a r n e s s  i n  f o l l o w i n g  how the  d o se s  i n j e c t e d  were t e s t e d  and

t h e i r  h a e m o iy t i c  power e s t i m a t e d , t h e  method used to prepare  the

h a e m o ly s i s  w i l l  be  b r i e f l y  g iv e n  h e r e .

Method o f  McLeod. " B o u i l lo n  o f  double  o f  the  u su a l  c o n c e n t r a t i o n  

i s  r e p a r e d , !  l b ,  o f  meat b e in g  used to make 500 c . c ,  o f  b r o t h ,a n d  

to  t h i s  2 p e r  c e n t  o f  peptone i s  added. The a l k a l i n i t y  o f  th e  

b o u i l l o n  i s  t i t r a t e d  w i t h  p h e n o l - p h t h a l e i n ,and a d j u s t e d  so th a t  

0 . 4  c . c .  o f  normal c a u s t i c  soda s o l u t i o n  per 100 c . c .  o f  b r o th  i s  

req u ired  to  b r in g  t h e  medium to th e  n e u t r a l  p o i n t .  To t h i s  bou­

i l l o n  20 to  25 per  c e n t  o f  f r e s h  h o r s e  s e r u m ,p r e v io u s ly  h e a te d  a t  

5 7 * 0 . , i s  added. A l o o p f u l  o f  c u l t u r e  i s  rubbed down w i th  a ' p l a t ­

inum, n e e d l e  i n t o  about 2 c . c .  o f  s a l t  s o l u t i o n , a n d  0 .0 1  c . c ,  to  

0 .0 2  c . c ,  o f  t h i s  d i l u t e  e m u l s i o n - i s  used f o r  i n o c u l a t i o n .  a f t e r  

in c u b a t io n  f o r  e i g h t e e n  hours  f i l t r a t i o n  i s  c a r r i e d  out through a 

Maas8en f i l t e r .  The f i l t r a t e  i s  t e s t e d , b e f o r e  i n j e c t i o n , o n  a



<̂ 4 .

2 per  c e n t  s u s p en s io n  c f  d e f r i b i n ^ t e d  unwashed r a b b i t ' s  b lo o d  in  

0 . 6 5  rer  c e n t  s a l t  s o l u t i o n .  The more a c t i v e  f i l t r a t e s  h^ve a 

h a e m o iy t i c  d o se  o f  0 . 0 5  to  0 . 0 1  c . c .  f o r  1 c . c .  c f  t h i s  s u s p e n s i o n ,  

a f t e r  i n c u b a t i o n  a t  57*0,  f o r  two h o u r s , t h e  r a t i o  o f  h a e m o iy t i c  

e f f e c t  on human b lo o d  compared to th a t  on r a b b i t s '  i s  about 2 : 5 ,"

RECORDS OD EXPERIMEHTS.

Ten ex p er im en ts  have been c a r r i e d  out on r a b b i t s ,  . The b lo o d  o f  

a l l  t h e s e  an im als  was i n  a l l  c a ' e s  but one t e s t e d  b eforehand  by  

McLeod to  e s t i m a t e  i t s  s u s c e p t i b i l i t y  to  th e  t o x i n ,  A v a r i a t i o n  in  

s u s c e p t i b i l i t y  o s found,and  t h e  animals  cou ld  be d i v id e d  i n t o  two 

groups as  a r e s u l t  o f  t h i s  t e s t .  At th e  o u t s e t , t h e  more s u s c e p t ­

i b l e  r a b b i t s  were chosen  as  i t  was thought an anaemia would more 

r e a d i l y  o c cu r  in  them;,but t h e y  a l l  d ie d  a f t e r  one or  two i n j e c t i o n s ,  

b e f o r e  any d e g r e e  o f  anaemia cou ld  be brought a b o u t . In th e  l e s s  

s u s c e p t i b l e  a n im a ls  d ea th  d id  not  occur  a f t e r  rep ea ted  d o s e s ,a n d  

th ey  were k i l l e d  a t  v a ry in g  i n t e r v a l s  up to t w e n ty - th r e e  d a y s .

Dour a n im a ls  b e lo n g  to  th e  s u s c e p t i b l e  grou p ,d y in g  as  a r e s u l t  o f  

a t o x i c  e f f e c t  o f  th e  f i l t r a t e .  The t a b l e s  below g i v e  d e t a i l s  o f  

two o f  t h e s e  ex p e r im e n ts .

EXPERIMEHT 1.

D a y . Red C o r p u s c le s . L eu co c y te s

o ' 7 ,3 3 0 ,0 0 0 1 2 ,0 0 0

1 6 ,2 4 0 ,0 0 0 7 ,0 0 0

2

3^- 6 ,1 5 0 ,0 0 0 9 ,6 0 0

Haemoglobin)^. 

60 

' 60 

#  #  #

60



Cjo '

^'9.5 0 , 0 .  c f  f i l t r a t e  (E .H .D ,-  0 ,0 5 5 )  i n j e c t e d  i n t r a v e n o u s l y , 

c . c .  o f  f i l t r a t e  (M.H.D.- 0 .0 7 5 )  : :

^ '9 .5  c . c .  o f  f i l t r a t e  (M.H.D.-- 0 .0 2 5 )  : ;

(The minimum h a e m o iy t i c  d o se  (K.H.D.) r e p r e s e n t s  in  a l l  th e  e x p er ­

im ents  t h e  amount o f  h a e m o iy t i c  f i l t r a t e  which produced co m p le te  

l y s i s  o f  1 c . c .  o f  a 5. per  c en t  s u s o s n s i o n  o f  d e f i h r i n a t e d  un­

washed r a b b i t ’ s b l o o d , a f t e r  two h o u r s * i n c u b a t i o n ]

The animal  was found dead on th e  morning a f t e r  th e  t h i r d  i n j e c t i o n

EXPERIMENT 11.

R abbit  E. w e ig h t  1740 grms.

Day. Red C o r p u s c l e s .  L e u c o c y te s .  Haemoglobin 

o' 8 , 1 5 0 , 0 0 0  7 ,1 0 0  66

1^  6 , 7 5 0 , 0 0 0  . 1 2 ,2 0 0  65

2 7 , 5 3 0 , 0 0 0  9 ,0 0 0  63

10 c . c .  o f  f i l t r a t e  (M.H.D.- 0 .0 3 5 )  i n j e c t e d  i n t r a v e n o u s l y ,

' 8 c . c ,  o f  f i l t r a t e  (M.H.D.- 0 .0 2 5 )  : :

The an im al  was found dead on the  day a f t e r  the  second i n j e c t i o n .

The changes  found in  th e  b lo o d  o f  t h e s e  s u s c e p t i b l e  a n im a ls ,a n d  

in  t h e i r  organs  post -m ortem ,can  be d i s m is s e d  very  b r i e f l y ,  

HaemoglcbinaeiT:ia was marked in  a l l , a n d  in  t h r e e  o f  th e  anijhals  

h aem o g lo b in u r ia  occu rred  a f t e r  t h e  i n j e c t i o n s .  Ho marked d e g re e  o f  

anaemia was produced,and the  o n ly  changes noted i n  th e  b lo o d  were  

the p r e s e n c e  o f  "shadows" and o f  s c a n ty  norm oblasts  soon a f t e r  i n ­

j e c t i o n  o f  t h e  f i l t r a t e .  Pos t -m ortem , th e  organs o f  a l l  th e  an imals  

gave a d e f i n i t e  h a e m cs id er in  r e a c t i o n .  In th r e e  o f  them a. d e f i n i t e



l é s i o n  was found in  th e  l i v e r ,a  f a i r l y  marked f o c e ,1 nec ro s i s ,  ev iden  t

l y  o f  1 0x i c  c r 1g i r ,h e i n g rres e n t , Thi s n ec re t  i  c change was most

d i s t i n c t l y  seen  in  Rabbit  0. ( s e e  D i g . X ) , where a. c i r r h o s i s  o f  o ld

s t a n d in g  was a l s o  found to  be p r e s e n t .

In a l l  th e  s i x  an im als  o f th e  l e s s  s u s c e p t i b l e group a d e f i n i t e

anaemia was p ro d u ce d ,a l th o u g h i t  Varied in  d e g r e e . Below a r e  g i v e n

d e t a i l s  o f  t h r e e  o f  t h e s e  exp e r im e n ts .

EXPERIMENT: 111.

Rabbit  A, w e ig h t  1570 grrr-s.

Day. Red C o r p u s c l e s . L e u c o c y te s .  Haemoglobin

o'- 6 , 8 9 0 ,0 0 0 9 ,000 60

1 4 , 8 8 0 , 0 0 0 1 0 ,0 0 0 54

2 6 , 2 3 0 ,0 0 0 1 2 ,0 0 0 53

3^'  5 , 7 1 0 , 0 0 0 7 ,0 0 0 52

4 6 , 6 1 0 ,0 0 0 5 ,3 0 0 53

5^' 5 , 1 5 0 , 0 0 0 6 ,500 52

5 5 , 1 5 0 , 0 0 0 8 ,4 0 0 48

7 ''- 4 , 7 7 0 , 0 0 0 1 4 ,2 0 0 45

8 4 , 9 9 0 , 0 0 0 8 ,1 0 0 • 47

9^' 4 , 5 8 0 ,0 0 0 1 0 ,0 0 0 47

10 5 , 1 3 0 , 0 0 0 9 ,0 0 0 47

11 • • • # # #

12 6 , 2 7 0 , 0 0 0 1 1 ,5 0 0  , 50

13 • • • $ e  #

14^- . • • « # #

15 5 , 9 9 0 , 0 0 0 5 ,5 0 0  . 52



7

Experiment 113 . ( c o n t i n u e d ) .

16 # # # # # # • • •
- 17 6 , 1 9 0 , 0 0 0 6 ,2 0 0 52

18 . 5 , 5 6 0 , 0 0 0 6 ,0 0 0 50

^10 c . c ,  o f f i l t r a t e  (M.H.D.- 0 .0 5 )  i n j e c t e d  i n t r a v e n o u s l y .

^'10 c . c . 0 . 0 8

^'10 c . c . 0 . 0 8

4" 9 c . c . 0 . 1

9 c . c . 0 .0 8

^ 10 c . c . 0 . 1 5

7 1 2 c . c . 0 . 0 4

^'15 c . c . 0 . 0 4

EXPERIMENT IV.

Rabbit  0 .  w e ig h t  1390 grms .

Day. Red C o r p u s c le s . L e u c o c y te s . Haemoglobin

0 '̂ 5 , 2 5 0 , 0 0 0 7 ,1 0 0 55

1 5 , 3 0 0 , 0 0 0 6 ,9 0 0 55

2^ • « « • • • • • •

3 4 , 8 3 0 , 0 0 0 1 0 ,0 0 0 . 50

4"' • • • • • • • t •

5 4 , 3 3 0 ,0 0 0 1 2 ,4 0 0 45

6^' • • • # # # • « •

7 4 , 5 2 0 ,0 0 0 1 6 ,8 0 0 42

8^' • • • # # # • « •

9^ ' 3 ,8 9 0 ,0 0 0 1 4 ,0 0 0 42

10 3 , 7 2 0 ,0 0 0 17 ,0 0 0  . 40
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%-6 .5

8

4"  10

^  3

G. g

" '̂10

«̂ 'lO

f ' i o

“’•10

ent IV, ( c o n t i n u e d ) . 

1 1 ^  4 , 0 3 0 , 0 0 0 1 6 ,2 0 0 42

12 5 , 1 9 0 , 0 0 0 7 ,0 0 0 44

13*' 6 , 0 0 0 , 0 0 0 1 0 ,0 0 0 47

14 5 , 5 6 0 , 0 0 0 7 ,2 0 0 47

15 ?

16 '^ 6 , 1 5 0 , 0 0 0 8 ,0 0 0 50

17 5 , 7 6 0 , 0 0 0 1 1 ,9 0 0 48

0 . o f f i l t r a t e  (M.H.D,- 0 .0 3 5 )  i n j e c t e d  i n t r a v e n o u s l y .

c . 0 .0 3 5

c . 0 . 0 6

c . 0 . 0 4

c , 0 . 0 1

c • 0 . 0 2

c . 0 . 0 4

0 . 0 . 0 4

c . 0 . 0 2

c . 0 .0 5

EXPERIMENT V,

R abbit  M. w e ig h t  1280 g m s

Day. Red C o r p u s c le s . L e u c o c y te s . H a e m o g lo b in

0^ 5 , 6 1 0 ,0 0 0 6 ,2 5 0 68

1^ 5 , 8 2 0 , 0 0 0 7 ,9 0 0 68:

2^' 6 , 0 0 0 ,0 0 0 11 ,5 0 0 60

3^^ 4 , 7 4 0 ,0 0 0 8 ,7 0 0 50

4^" 4 ,8 0 0 ,0 0 0 ' 8 ,0 0 0  . 40



Experiment V. ( c o n t i n u e d ) .

^4^

5^' 3 , 8 3 0 ,0 0 0 s,
6^ 3 , 2 1 0 , 0 0 0 6,

7^' 3 ,5  4 0 ,0 0 0 1 4 ,

8 3 , 9 6 0 , 0 0 0 7 ,

/ 7 c.c. o f f i l t r a t s  (M.H.B. -  0 .0 3 5 )

^'10 c.c. 0 . 0 3

3'20 c.c. 0 . 0 7

^'20 c . c . 0 . 1

'1 5  c , c . 0 . 0 5

'̂11 c.c. 0 . 0 6

7' 10 0.0. 0 . 0 4
«g,12 c.c. 0 . 0 8

38 

36 

36

39

As i s  shewn in  th e  t a b l e s , a  d e f i n i t e  anaemia r e s u l t e d  in  a l l  t h e s e  

e x p e r im e n ts .  The most  marked anaemia was produced in Experiment V. 

and t h e  changes  in th e  b lo o d  c f  t h i"  animal  were very  s t r i k i n g .  The 

red c e l l  count  f e l l  from 5 , 6 1 0 ,0 0 0  to 3 ,2 1 0 ,0 0 0  i n  seven  dg-ys ,and the  

haemoglobin p e r c e n t a g e  d e c r e a s e d  from 68 to  36, I t  w i l r  be  observed  

from t h i s  t h a t  th e  Colour Index was not  r a i s e d  above th e  normal.  Th; 

blood was examined w i t h i n  an hour or two a f t e r  the  f i r s t  i n j e c t i o n ,  

and "shadows" were found to  be f a i r l y  numerous. By th e  f o u r t h  day 

a number o f  b a s o p h i l  m acrocytes  had appeared,and n u c le a te d  red c e l l s  

were a l s o  p r e s e n t .  The polyohromatophi 1 m acrocytes  ,which were i n  

s i z e  q u i t e  equa l  to  t h o s e  found a f t e r  th e  i n j e c t i o n  o f  the  h a em o iy t i c  

seru m ,g r a d u a l ly  in c r e a s e d  i n  number. On the  seven th  day,when th e  

blood count  was l o w e s t , t h e y  were very  numerous ,while  e r y t h r o b l a s t s
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c f  b o t h  t y p e s  were f a i r l y  abundant,  Bounty p u n c ta te  b a s o p h i l i a  was 

o b s e r v e d ,b u t  was much more marked in  some o f  th e  o t h e r  e x p e r im e n ts .  

V a r i a t i o n  i n  th e  s i z e  o f  th e  red c e l l s  ( a n i s o c y t o c l s )  became a = t r i k  

in g  f e a t u r e  o f  t h e  f i lm s  as  th e  experiment advanced,and c o n t in u e d  un­

t i l  th e  an im al  was k i l l e d  on t h e  n in th  day ( s e e  D i g . X ) ,

In t h e  o t h e r  l e s s  s u s c e p t i b l e  an imals  th e  changes in  t h e  b lo o d  

w ere s i m i l a r  in  c h a r a c t e r ,a l th o u g h  not  s o  marked in  d e g r e e .  In  

Experiment  I V , , f o r  e x a m p le , th e  red c e l l  count f e l l  from 5 , 2 5 0 , 0 0 0  to  

3 , 7 2 0 , 0 0 0 , and th e  haem oglobin  was reduced from 55 to 40 per c e n t .

On t h e  f o u r t h  day o f  t h i s  experiment d e f i n i t e  p h a g o c y t o s i s  o f  red 

c e l l s  by po lym orphonuclear  l e u c o c y t e s  was seen  in  th e  b lo o d  f i l m s ,  

b u t  t h i s  was n e v e r  observed  a g a in  in  t h i s  or i n  any o t h e r  ex p er ­

im e n t ,  P u n c ta te  b a s o p h i l i a  appeared about th e  f i f t h  day ,and soon  

became ver\r f r e q u e n t , s o  t h a t  about th e  e ig h t e e n t h  day when th e  

anim al  was k i l l e d  a v e ry  l a r g e  number o f  red c e l l s  showed th e  con­

d i t i o n  v e r y  d i s t i n c t l y .  In th e  remaining experim ents  d e t a i l e d  a 

f a . l l  o f  from 2 to  2 j  m i l l i o n  c o r p u s c l e s  per c.mm, was p ro d u ced ,w ith  

a c o r r e s p o n d in g  drop i n  th e  haemoglobin  p e rcen ta g e .

The l e u c o c y t e s  were as  a r u l e  somewhat i n c r e a s e d  in  number during  

th e  p e r i o d  o f  anaem ia ,b u t  not  markedly so .  In d i f f e r e n t i a l  co u n ts  

no a l t e r a t i o n  i n  the  r e l a t i v e  p ro p o r t io n  o f  th e  d i f f e r e n t  ty p e s  c f  

w h i t e  c e l l s  was made o u t .

The changes  found post-mortem in  t h e s e  animals  w i l l  now be d e ­

s c r i b e d , c e r t a i n  f e a t u r e s  common to  a l l  b e in g  r e f e r r e d  to  f i r s t , a n d  

then th e  i n d i v i d u a l  d i f f e r e n c e s  d e a l t  w i th .

A h a e m c s id e r in  r e a c t i o n  was g iv e n  by th e  organs i n  every  exper­

iment ,b u t  i t  v a r i e d  i n  d e g r e e .  A p o in t  o f  importance i s  t h a t  the



l i v e r  a lw ays  gave  f u l l y  as  w e l l  marked a r e a c t i o n  as  t h e  k id n e y s  and

s p l e e n .  This  c o n t r a s t s  w ith  th e  r e s u l t  found in  some o f  th e  o t h e r

e x p e r im e n ta l  a n a e m ia s ,and i s  a n o th e r  resemblance  to  what i s  found in
V

human p a t h o lo g y  i n  p e r n i c i o u s  anaemia. M i o r o o o p i c a l l y , t h s  l i v e r  and 

k id n e y s  were normal i n  every  c a s e , e x c e p t  f o r  th e  d e p o s i t s  o f  haemo-  

s i d e r i n .  No l e s i o n  Was ev e r  found in  the  h e a r t  m u s c l e , a l th o u g h  i t  

wa3 ahvays  examined.

The bone marrow p r e s e n te d  changes o f  very  g r e a t  i n t e r e s t .  In 

f i v e  o f  t h e  s i x  ex p er im en ts  a  marked h y p e r p l a s i a  was met w i t h , t h e  f a t  

s p a c e s  b e i n g  g r e a t l y  encroached upon. The p r o l i f e r a t i o n  in v o l v e d  

b o th  t h e  e r y t h r o b l a s t i c  and l e u c o b l a s t i c  p o r t io n s  o f  th e  marrow,and 

i t  i s  n o t a b l e  t h a t  in  th e  m a j o r i t y  o f  the  .experim ents  th e  r e a c t i o n  

a f f e c t e d  th e  two ty p e s  o f  c e l l s  in  a p r a c t i c a l l y  equal d e g r e e .

M i t o t i c  f i g u r e s  in  m y e lo c y te s  were f r e q u e n t ,a n d  n u c le a te d  red c e l l s  

o f  a l l  s i z e s  -were c o l l e c t e d  in  p a tch es  throughout th e  marrow. In 

Experiment V. th e  e r y t h r o b l a s t i c  r e a c t i o n  surpassed  the  l e u c o b l a s t i c  

c o n s i d e r a b l y  i n  i n t e n s i t y ,and t h i s  was the  c a s e  in  which th e  most  

marked m o r p h o lo g ic a l  changes  were seen in  th e  b lood  f i l m s .  The f a t  

sp a ces  were a lm o st  o b l i t e r a t e d , a n d  e r y t h r o b l a s t s  ex trem ely  mjmercus 

{see  D i g . 3,).  In Experiment TTLll, th e  d e t a i l s  o f  which are  not  re ­

corded i n  th e  t a b l e s , a  marrow p i c t u r e  o f  a d i f f e r e n t  na ture  from th a t  

seen in  th e  o t h e r  an im als  was d i s c o v e r e d .  The marrow was i n  a con­

d i t i o n  o f  g e l a t i n o u s  d e g e n e r a t io n ,a n d  the  number o f  c e l l s  i n  i t  was 

below t h e  normal.  This  experiment was th e  l o n g e s t  o f  th e  s e r i e s ,  

i t s  d u r a t io n  b e in g  t w e n t y - t h r e e  d ays .

The s p l e e n  was e n la rg e d  in  a l l  th e  s i x  exper im ents .  In Exper­

iment IV, th e  enlargement  was enormous, the  organ weighing n e a r l y
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4 g rm s , ;a n d  b e in g  v ery  f irm  in  c o n s i s t e n c e .  In Experiment 111 .  th e  

e p le e n  w-a t b r e e  t im es  as  l a r g e  as t h a t  c f  a c c n t r o l  animal o f  

s i m i l a r  w e i g h t .  In bhe o t h e r  exper im ents  th e  en largem ent  com- 

p a .r a t i v e l y  s l i g h t .  M i c r o s c o p i c a l l y  the changes found were f a i r l y  

u n i f o r m , excep t  in  t h e  v e r y  l a r g e  s p le e n  o f  Experiment IV. ,which w i l l  

be  d e s c r i b e d  by i t s e l f .  In  th e  p u lp ,  g ra n u le s  o f  h a e m c s id e r in  were  

a lw ays  ab u n d a n t ,b u t  were mere e x t o a - c e l l u l a r  than w i t h i n  c e l l s .

The o n l y  e t h e r  n o tew o rth y  change was a widening  o f  th e  t r a b e c u l a e  c f  

t h e  p u l p ,  and t h e  p r e s e n c e  o f  an undue number o f  n u c l e a t e d  red corp ­

u s c l e s .

In t h e  s p l e e n  o f  Experiment IV. , a  very  c u r io u s  m yelo id  t ra n sfo rm ­

a t i o n  Was met w i t h .  The M alp ig ian  b o d ie s  were much in c r e a s e d  i n  

s i z e , a n d  were found surrounded by a d i s t i n c t  r in g  o f  m y e l o c y t e s ,many 

o f  w hich  showed m i t o t i c  f i g u r e s  ( s e e  Digo.^and6',), The c e n t r e s  o f  

th e  M a lp ig ia n  b o d i e s  were o ccu p ied  in  many i n s t a n c e s  by a mass o f  

s i m i l a r  m y e lo id  c e l l s ,  w i t h  f r e q u e n t  m i t o t i c  f i g u r e s  in the  n u c l e i .  

In  s e r i a l  s e c t i o n s  i t  was found th a t  t h e s e  c e n t r a l  i s l e t s  were in  

r e a l i t y  c o n t in u o u s  w i th  th e  zone c f  m yelo id  t i s s u e  round th e  p e r ip h ­

ery .  . I t  i s  not  e a sy  to  e x p la in  t h i s  cu r io u s  m yelo id  change ,  and i t  

cannot  be  s a id  w i t h  c e r t a i n t y  to have commenced. o n ly  as  a r e s u l t  o f  

the  i n j e c t i o n s .  No s i m i l a r  appearance has been met w i t h  b e f o r e  in  

exper im ents  on r a b b i t s ,  so f a r  as  can be d i s c o v e r e d .

In  o r d er  to  make c e r t a i n  t h a t  th e  anaemia and changes i n  th e  

organs w ere  brought  about by th e  haem olys in  a l o n e , f o u r  an imals  were  

i n j e c t e d  w i t h  p o r t i o n s  o f  f i l t r a t e  in  which t h e  h a em oiy t ic  power 

bad been d e s t r o y e d  by in c u b a t io n  a t  37*0. f o r  12 hours .  I t  i s
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s u f f i c i e n t  t o  s t a t -  h e r e  t h a t  in  none o f  t h e s e  a n im a ls  d id  any anaemi- 

r e s u l t , n o r  co u ld  any p a t h o l o g i c a l  changes he found in  t h e  organs  

post -m ortem .

CONCLUSIONS.

1 .  R a k h i t s  vary  i n  t h e i r  s u s c e p t i b i l i t y  to  th e  h aem olys in  o b ta in e d  

from s t r e p t o c o c c i .

2 .  S u s c e p t i b l e  a n im a ls  d i e  a f t e r  one or two i n j e c t i o n s , e v i d e n t l y  

from some t o x i c  e f f e c t .  Haerncglobinaemia and haem oglob inur ia  occur  

i n  t h e s e  a n i m a l s , s o  t h a t  th e  t o x i c  and h a em o iy t ic  p r o p e r t i e s  o f  th e  

f i l t r a t e  seem c l o s e l y  a l l i e d ,

3. In l e s s  s u s c e p t i b l e  an imals  a d e f i n i t e  anaemia f o l l o w s  t h e  i n ­

j e c t i o n .  Po lychrornatophi l  m e g a lo c y te s  a p p e a r , o f  l a r g e  s i z e , b u t  not  

in  g r e a t  numbers. The b lo o d  p i c t u r e  i s  some'?'hat m e g a lo c y t i c  i n  type,;  

but t h e  Colour Index  i s  n e v e r  g r e a t e r  than 1 .  Other m o r p h o lo g ic a l  

changes  found i n  t h e  b lo o d  a re  marked a n i s o c y t o s i s , f r e q u e n t  p u n cta te  

b a s o p h i l i a , and e r y t h r o b l a s t s  o f  both  n orm ob las t ic  and m e g a l o b l a s t i c  

t y p e s .

4. The bone marrow i n  th e  lo n g e r  experim ents  shows marked hyper­

p l a s i a .  The r e a c t i o n  a f f e c t s  b o th  l e u c o b l a s t i c  and e r y t h r o b l a s t i c

p o r t io n s  o f  th e  marrow e q u a l l y .

5. The organs  show a d e f i n i t e  h a e m c s i d e r i n ' r e a c t i o n , e s p e c i a l l y  w e l l -  

marked in  th e  l i v e r  as  compared w i th  o th e r  exper im enta l  anaemias .

6. In th e  s p l e e n  o f  one animal  a c u r io u s  m yelo id  t r a n s fo rm a t io n  

was met w i t h , b u t  th e  r e l a t i o n s  o f  t h i s  to  th e  i n j e c t i o n s  are not  

4 u i t e  c l e a r .
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B ig .  1 ,  S e c t i o n  o f  l i v e r  o f  Experiment 1 ,  , showing f o c a l  n e c r o s i s .

A c i r r h o s i s  i s  a l s o  p r e s e n t ,but o f  long s ta n d in g ,a n d  not  

r e l a t e d  to  the  exper im ent .  5 0 . )
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? i g .  2.  B lood  f i l m  in  Experiment V, ,on t h e  n i n t h  cL. ŷ , sh o ’’d n g  &

megà l o h l ^ = t ; T a r i - t i o n  in  s i z e  o f  th e  red c e l l s , ^ n d  s l i g h t  

p c i k i l o c y t c s i s ,  (x 1000 ,  )

P i g ,  5,  S e c t i o n  o f  hone marrow i n  Experiment V, , showing a marked

h y p e r p l a s i a .  In t h i s  animal th e  e r y t h r o b l a s t i c  ?urgr>,z-sed 

th e  l e u c o h l a s t i c  r e a c t i o n  i n  i n t e n s i t y ,  (x 0 0 0 , )

P i g ,  4,  S e c t i o n  o f  s p l e e n  i n  Experiment V l l l ,  ,where th e  organ

w eighed n e a r l y  4 grms, A M alpighian  body i s  shcvn sux*- 

rcunded by a zone o f  m y e l o c y t e s .  In the  c e n t r e  o f  th e

. lymphoid t i s s u e  a n o th er  zone o f  m yelo id  t i s s u e  i s  s e e n ,
\

(x 30)

P i g ,  5 ,  T%e zone o f  m y e l o c y t e s  seen  i n  P i g ,  4, under h i g h e r  mag­

n i f i c a t i o n ,  S e v e r a l  m i t o t i c  f i g u r e s  are  s e e n ,  (x. 300)
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THE AKAEKIA PRODUCED BY THE IHJEOTIOH ÔE SABOITIE.



The p cw e r fu l  h a e m c ly t i c  e f f e c t  ex er te d  by Saponin cn red b lo o d  

c o r p u s c l e s  i n  t e s t - t u b e  exper im ents  has  been  long  r e c o g n i s e d ,but  th e  

r e s u l t s  o f  i n j e c t i n g  t h e  drug d i r e c t l y  i n t o  th e  b lo o d  stream, o f  th e  

l i v i n g  an im al  have co m p a r a t iv e ly  seldom been i n v e s t i g a t e d .  Among 

t h e  v a r i o u s  o b s e r v a t i o n s  on th e  a c t i o n  o f  th e  drug in  animal  ex p er ­

i m e n t s , t h e  c h i e f  d e t a i l e d  d e s c r i p t i o n s  o f  th e  changes which ensue  

i n  th e  organs  are  to  be  found in  the  work o f  Bunting (1906) , i n  

America,a.nd o f  I s a a c  and Mockel (1910) , in  Germany, T h e ir  ex p er ­

im ents  were a l l  c a r r i e d  out on r a b b i t s .

B unt ing  found t h a t  w i t h  th e  specimen o f  saponin used by h im , t h e  

l e t h a l  d o se  was about 1 , 5  to  2 mg, per k i l o ,  o f  body w e ig h t .  He 

used somewhat s m a l l e r  d o s e s  than t h i s  to  b r in g  about anaemia,

I sà 'C  and Mockel used s a p o t o x in  (Merck),d e r iv e d  from Q u i l l a i a  bark)  

but t h e y  p o i n t  o u t ,w h a t  i s  q u i t s  e v id e n t  from the  work o f  H eb er t ,  

t h a t  a l l  t h e  numerous v a r i e t i e s  o f  sapotox in  or saponin- are  q u i t e  

i d e n t i c a l  i n  a c t i o n .  In t h e i r  experiments  th e  d oses  found by them 

to  be  n o n - l e t h a l  ,and to  produce anaem ia , v a r ied  from 0 , 3  to 1 , 0  mg, 

per k i l o ,  o f  body w e i g h t .  They p o in ted  out th a t  l a r g e  d o se s  o f  th e  

drug seemed to  k i l l  t h e  animals  by a d i r e c t  e f f e c t  on the nervous  

s y s t e m ,b e f o r e  any h a em o ly s i s  had t ime to occur.

Bunt ing  scon  found t h a t  th e  a c t i o n  o f  the  drug in  th e  animal body 

d i f f e r s  m -rk ed ly  from t h a t  "in v i t r o " , t h e  h aem olyt ic  e f f e c t  on th e  

red e o r o u s c l e s  b e in g  o b v i o u s l y  very  much l e s s  i n  the  l i v i n g  boay  

than in  ti- ê t e s t - t u b e .  I t  i s  ver^  ̂ i n t e r e s t i n g  in  co n n e c t io n  w i t h
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thÎE o b s e r v a t i o n  to  burn to th e  work o f  Bansom* ^nd o f  HindauS;Who 

b o t h  showed t h a t  t h e  h a e m c ly t io  e f f e c t ?  o f  saponin  i n  t e s t - t u b e  ex­

p e r im e n ts  co u ld  be  c o m p le t e l y  preven ted  by th e  a d d i t i o n  o f  s u f f i c i e n t  

o h o l e s t e r i n  to  th e  m ix t u r e .  I t  seems probable  t h a t  th e  m o d i f i c a t i o n  

o f  th e  h a e m o ly t i c  e f f e c t  in  th e  animal body i s  due to  the  p r esen ce  o f  

o h o l e s t e r i n  i n  th e  b lo o d  serum;SuprarenalS;and t i s s u e s  g e n e r a l l y .  

C e r t a i n l y , a s  I have proved by e x p e r im e n t , th e  e f f e c t  o f  adding f r e s h  

b lo o d  serum to  washed red c o r p u s c l e s  b e f o r e  adding Saponin to th e  

t e s t - t u b e , i n h i b i t s  th e  a c t i o n  o f  the  drug to  a c o n s i d e r a b l e  e x t e n t .  

The r e s u l t s  which B unt ing  o b ta in e d  by i n j e c t i n g  n o n - f a t a l  d o s e s  may 

be b r i e f l y  g iv e n  h a r e , s i n c e  a c r i t i c i s m  o f  s(%ne o f  them w i l l  appear  

b e lo w .  In th e  p e r i p h e r a l  blood,%e found no ev id en ce  o f  d e s t r u c t i o n  

o f  l e u c o c y t e s , b u t  h a e m o ly s i s  o f  red c e l l s  wa- i n d i c a t e d  by red u c t io n  

o f  t h e  red c e l l  c-ount,and by th e  presence  o f  many "shadow " o f  

e r y t h r o c y t e s ,  A very  c h a r a c t e r i s t i c  a n d  c o n s ta n t  phenomenon f o l l o w ­

ing an i n j e c t i o n  was th e  appearance o f  many normoblasts  in the  

p e r i p h e r a l  b l o o d .  T h i s ' n u c l e a t e d  red r e a c t i o n  took p la c e  w i t h i n  an 

hour or two a f t e r  a d m in i s t r a t i o n  o f  th e  drug,and was repeated  a f t e r  

each sub seq u en t  d o s e .  By rep ea ted  n o n - l e t h a l  d o s e s ,Bunting induced  

what he d e s c r i b e s  a s  "a p i c t u r e  e x a c t l y  s i m i l a r  to t h a t  o f  a primary  

anaemia i n  man," He n o t e s  among o th e r  changes  the  o ccu rren ce  o f  

a n i s o c y t o s i s , some p c i k i l o c y t o s i s ,  p o ly c h r o m a to p h i l ia ,  and a c o n s ta n t  

presence  o f  n u c l e a t e d  red c e l l s .  With regard to the  l e u c o c y t e - ,he 

obta ined  in  d i f f e r e n t i a l  counts  a r e l a t i v e l y  in c r e a s e d  p ercen ta g e  o f  

lymphocyt 8:3 ,a  c o n d i t i o n  which he p o in t s  o u t , i s  as a r u le  a l s o  a 

f e a tu r e  o f  p e r n i c i o u s  anaemia i n  man.

In th e  t i s s u e s  o f  th e  a n im a l s ,h e  was much s tr u c k  by f in d i n g
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l e s i o n s  c o n f in e d  r lm cst  e n t i r e l y  to the  h a e m o p c ie t i c  system ,^nd  

e s p e c i a l l y  to  th e  bene marrow and e p ïe e n .  In an im als  dying w i t h i n  

f o m r t y - e i g h t  h o u r s , h e  found th e  marrow much d e p l e t e d  o f  mature c e l l s ,  

c o n s i d e r a b l e . d e g e n e r a t i o n  in  such c e l l s  aS remained,and a c u r i o u s  

d i f f u s e  haemmorhage from th e  c a p i l l a r i e s  o f  th e  marrow,which he  

th ough t  must r e s u l t  from a d i r e c t  t o x i c  a c t i o n ^ d f  t h e  drug on th e  

d e l i c a t e  w .a l ls  o f  th e  c a p i l l a r i e s .  In an imals  s u r v iv i n g  rep ea te d  

d o s e s  o f  s a p o n ig t h e  bone marrow was found to  have undergone a r e g u l a r

s c l e r o s i s , t h e  marrow t i s s u e  proper b e in g  r e p la ce d  by a f i b r o u s  t i s s u e .

B unt ing  was a t  a l o s s  a t  f i r s t  to  e x p la in  how an animal cou ld  r e t a i n  

a red c e l l  count  o f  3 , 0 0 0 , 0 0 0 . per  c,mm,or more,when i t s  bene marrow 

was c h i e f l y  changed i n t o  f i b r o u s  t i s s u e .  A s o l u t i o n  was a f fo r d e d  

by th e  e x a m in a t ic n  o f  th e  s p l e e n , i n  the  p e r ip h e r a l  s in u s e s  o f  ' h i c h  

he found th e  most  a c t i v e  b lood  r e g e n e r a t io n  go ing  on. He found 

m y e lo c y te s  and s r y t h r o b l a s t s  in g r ea t  numbers,and even the  c h a r a c t e r ­

i s t i c  g i a n t  c e l l s  ( m e g a k a r y o c y te s ) ,normally  o n ly  found in  'he bone 

marrow. He makes no s u g g e s t i o n  aS to  how t h i s  ex tr a o rd in a r y  

m yelo id  t r a n s f o r m a t i o n  may have been brought about.  In some an imals  

dying a c u t e l y , h e  found in the  l i v e r  a t o x i c  n e c r o s i s  o f  th e  c e n t r a l  

p o r t io n s  o f  some o f  th e  l o b u l e s , a n d  in  experiments  o f  l o n g e r  s ta n d in g  

a f i b r o u s  change had commenced in  the  n e c r o t i c  a r e a s .  I t  i s  7/tfrth 

m ention ing  h e r e , a s  th e  po in t  w i l l  not  be  returned t o , t h a t  Bunting  

a lso  t r i e d  th e  e f f e c t  o f  in t r o d u c in g  saponin  sub cu tan eou s iy .  In such 

experiments  he found t h a t  th e  t o x i n  was absorbed too s lo w ly  to damage 

the bone im-a.rrow ^no norm oblas ts  appeared in the c i r c u l a t i o n  ,n.nd as a 

3:6s u i t  o f  1% somewhat i n c o n s i d e r a b l e  haem olys is  o f  red c o r p u s c le s  a 

tone marrow n i c t u r e  was induced resembling  th a t  found a f t e r  s im pie



ID^.

b l e e d i n g ,

I s a a c  and Mockel ccnf i ;e -  in  t h e i r  •■■rork many o f  th e  im portant  f i n d -  

i n g s  o f  th e  r r e v io u e  a u t h o r ,aô regards  th e  changes  in  th e  b lo o d  and 

bone narrc '7 . They g i v e  jhowevsr , c e r t a i n  a d d i t i o n a l  f a c t s  o f  much 

i n t e r e s t .  They p o in t  o u t , f o r  example , th a t  in  the  anaemia, f o i l  owing 

t h e  i n j e c t i o n  o f  s a p o n i n , t h e  Colour Index i s  as  a r u l e  l e s s  than 1,

In a s i n g l e  experim ent  o f  t h e i r s , n e v e r t h e l e s s , th e  Index r o s e  to  1 , 8 ,  

They a m p l i f y  B u n t i n g ' s  s ta tem en t  'd th  regard to th e  k eep in g  un o f  th-  

b lo o d  count  a f t e r  r e p e a te d  d o se s  o f  the  drug. They found in  s e v e r a l  

i n s t a n c e s  t h a t  th e  b lo o d  count cou ld  return  to a b s o l u t e l y  normal  

when th e  i n j e c t i o n s  were s top p ed ,an d  t h i s  a p p a r en t ly  in  s p i t e  o f  an 

extreme f i b r o s i s  o f  th e  marrow. As regards  the  l e u c o c y t e s , i n  two 

o f  t h e i r  exp er im en ts  a d e f i n i t e  l e u c c p e n i a  r e s u l t e d , t h e  counts  vary­

ing  from 3 ,4 0 0  to 1 ,2 0 0  per  c.mrn. They re fu sed  to a t t a c h  any s p e c i a l  

s i g n i f i c a n c e , h o w e v e r , t o  e i t h e r  q u a l i t a t i v e  or q u a n t i t i v e  changes in  

the  l e u c o c y t e  odunt o f  th e  r a b b i t , a f f i r m i n g  th a t  even in  normal  

an im als  th e  d a i l y  v a r i a t i o n s  are  extreme.  Thé, same v i e w  has been  

p r e v i o u s l y  put for.vard by Gruber,but Bunting c a t e g o r i c a l l y  d e n ie s  i t ,  

s t a t i n g  t h a t  in  s u c c e s s i v e  d a i l y  examinat ions  in  r a b b i t s  he has  

found o n l y  s l i g h t  d i f f e r e n c e s  e i t h e r  in  the  t o t a l  or d i f f e r e n t i a l  

counts  o f  th e  l e u c o c y t e s .  As regards  the  changes in  the  bone marrcw 

Isaac  and Mdckel s im p ly  confirm the  e a r l i e r  work. They a l s o  "observed 

the m y e lo id  t r a n s f o r m a t io n  in  the s p le e n  in  most o f  t h e i r  c a s e s , a n d  

su g g e s t  t h a t  th e  appearances  c l o s e l y  resemble th o se  found in  l e u k ­

aemia i n  m-n. In th e  l i v e r  th ey  noted n e c r o t i c  c h a n g es ,b u t  In  

a d d i t io n  t h e y  observed  o c c a s i o n a l l y  the  p resence  o f  sm al l  groups o f

m ye locy tes  and e r y t h r o b l a s t s  in  some c f  hhe d i l a t e d  v a s c u la r  c a n i l l -
" a r i e s .
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The specim en o f  Saponin used was a p r e p a r a t io n  made by Merck,

I t  i e  a w h i t e  ooeder which r e a d i l y  d i s s o l v e s  i n  w^ber or  in  p h y e io -  

l o g i o a l  s a l t  s o l u t i o n .  In my exper im ents  th e  drug was in  every  oase  

i n j e c t e d  i n t o  th e  ea r  v e i n  o f  r a b b i t s ,d i s s o l v e d  i n  s t e r i l e  0 , 8 5 ^  s a l t  

s o l u t i o n .

The i n d i v i d u a l  ex p er im en ts  w i l l  now be g iv e n  i n  d e t a i l ,

EXPERIÎOSMT 1,

Rabbit  2 8 , w eig h t  16Q0 grms.

The b lo o d  count in  t h i s  animal  b e f o r e  i n j e c t i o n  was as  f o l l o w s .

Red C o r p u s c le s  7 , 3 1 0 , 0 0 0 ,  L eu co c y tes  2 1 ,5 0 0 ,  Ha,erriOglobin 68) ,̂

At 3 p,m, th e  animal  vas g iv e n  180 mg, o f  saponin i n t r a v e n o u s l y , a  very  

c o n s i d e r a b l e  d o s e ,  F ex t  m orn in g , th e  animal  was found d e a d ,b u t  s t i l l  ' 

warm. U rine  passed  ante-mortem gave a f a i n t  but d i s t i n c t  spectrum  

o f  oxy-hrtemoglcbin .  In u r in e  taken from th e  b la d d e r  post-mortem  

abundant haem oglob in  was found.

Post-mortem, The l i v e r  and s p le e n  gave m i c r o s c o p i c a l l y  a very  

d e f i n i t e  h a em o s id er in  r e a c t i o n , a  p o in t  o f  i m p o r t i h c e , s i n c e  Bunting  

n ev er  found t h i s  in  any o f  h i s  e x p e r im e n ts , and remarks on i t s  

a b se n c e .  The k id n e y s  gave p r a c t i c a b l y  no r e a c t io n  f o r  i r o n ,  Cn 

examining t h e  bons marrow m i c r o s c o p i c a l l y , the f o l l o w i n g  p o in t s  

emerged. In f i l m s  s t a i n e d  w ith  E h r l i c h ' s  T r ia c id  s t a i n  khe o n ly  

n o t a b le  change observed  was the  presence  o f  d e f i n i t e  k a r y o r r h e x i s  

and p y k n cs ia  o f  c e l l  n u c l e i .  In s e c t i o n s  o f  the  marrow th e  ryk-  

n c t i c  changes  were even b e t t e r  s e e n ,w h i l e  s c a t t e r e d  over  the  whole  

s e c t i o n  m asses  o f  red c o r o u s e l es  were s e e n ,which e v i d e n t l y
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o o r r B (tried to th/7 "capill'ry haemorrhages " described by Bunting, 

These latter do net appear in many instances to be otual haemorr­
hages at^ll;the capillaries of the marrow being simply dilated and

Iorov/ded w i t h  e r y t h r o c y t e s .  The marrow d id  not  i n  t h i s  experim ent  

sho'v g r e a t  d e p l e t i o n  of mature c e l l s , b u t  seemed to  be r a t h e r  un­

u s u a l l y  c e l l u l a r .  There was a c o n s i d e r a b l e  amount o f  g c l d e n - y e l l u -  

pigment p r e s e n t , c o n t a in e d  i n  l a r g e  c e l l s  o f  e n d o t h e l i a l  t y  oe , 'uith  

p a le  s t a i n i n g  nuclei.
In n e i t h e r  s p l e e n  nor  l i v e r  was any marked a b n o r r a l i t y  made o u t .  

The k id n e y s  shewed a c o n d i t i o n  o f  s e v e r e  c a t a r r h a l  n e p h r i t i s ,  

t h e r e  b e i n g  g r e a t  d e s t r u c t i o n  and desquamation o f  c e l l s  l i n i n g  th e  

t u b u l e s ,a n d  much haemoglobin  and u n a l t e r e d  red c o r p u s c l e s  l y i n g  f r e e  

in  t h e  t u b u l e s  t h e m s e l v e s .  .

EXPERIMENT. 11.
Rabbit  29, w e ig h t  2000 grrris.

Bay. Red C o r p u s c le s . L eu co c y te s , Haemoglobin Colour Index.

o'- 6 , 7 2 0 , 0 0 0 1 0 ,0 0 0 72 1 . 0

1^' 7 , 0 0 0 , 0 0 0 2 1 ,0 0 0 72 1 .0

2^' 6 , 5 1 0 , 0 0 0 1 1 ,0 0 0 :64 0 . 9

5 , 3 1 0 , 0 0 0 1 0 ,6 0 0 54 0 . 9

1.

^'3

^'6

5 mg. o f  sapon in i n j e c t e d  i n tr a v e n o u s ly .  

•

^ 0 • :
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On th e  day a f t e r  th e  f i r s t  i n j e c t i o n , d é f i n i t e  changes  were found  

in  t h e  c i r c u l a t i n g  b l o o d .  Numerous n orm ob las ts  were p r esen t;S cm e  

w i t h  v e r y  d i s t i n c t  p u n c ta te  b a s o p h i l i a  o f  t h e i r  pro top lasm ,an d  a 

number o f  "shadows" w ere  a l s o  s e e n .  On s u c c e e d in g  d a y s ,norm oblas ts  

c o n t in u e d  to  be  p r e s e n t , b u t  not  i n  such numbers as on th e  f i r s t  day  

n o t e d .  No m a c ro cy te s  ev er  a p p ea red ,bu t  some p o ly o h ro m a to p h i l  red  

c e l l s  o f  q u i t e  n o m a l  s i z e  were o b served .  On th e  morning o f  th e  

f o u r t h  day o f  th e  e x p e r i m e n t , t h e  animal was found dead.

Post-m ortem ,  The l i v e r , k i d n e y s , a n d  s p l e e n , a l l  gave a d e f i n i t e  

h a e m o s id e r in  r e a c t i o n .

The bone marrow appeared very  b r i g h t  red in  c o lo u r ,a n d  a f i l m  o f  

i t  s t a i n e d  w i t h  d i l u t e d  E h r l i c h ’ s T r ia c id  s ta in , s h o w e d  g r e a t  numbers 

o f  n o n - n u c l e a t e d  red c e l l s , e v i d e n t l y  in a s t a t e  o f  p a r t i a l  d i s ­

i n t e g r a t i o n ,  Many o f  t h e s e  c e l l s  s t a i n e d  b a d l y ,b u t  a number arpear-  

ed q u i t s  norm al.  In both n u c le a te d  red c e l l s  and in  m y e l o c y t e s ,  

p y k n o t ic  change was very- marked in  the  n u c l e i .  In a s e c t i o n  o f  

marrow th e  whole  c a p i l l a r y  system: was found to be crowded w i t h  non-  

n u c l e a t e d  red c e l l s , s o  t h a t  th e  e r y t h r o b l a s t s  and m y e lo c y te s  seemed 

to  be g r e a t l y  d im in i s h e d  i n  q u a n t i t y .  Giant c e l l s  (megakaryocytes)  

were e x t r e m e ly  s c a n t y , o n l y  one,on an a v e r a g e ,be ing  seen in  a complete  

t r a n s v e r s e  s e c t i o n  o f  th e  femur m.arrow.

The s p l e e n  in  s e c t i o n s  s t a i n e d  w i th  E h r l i c h ' s  s t a i n  showed a 

remarkable s t a t e  o f  a f f a i r s , s i m i l a r  to th a t  drawn a t t e n t i o n  to  by 

both  B u n t in g ,a n d  I s a a c  and M o c k e l , in  t h e i r  exper im ents ,  The 

p e r i p h e r a l  s i n u s e s  'vere found f i l l e d  w ith  g r e a t  numoers o f  c e l l s  

b e lo n g in g  n o r m a l ly  to the  bone marrow. Megakaryocytes were p r e se n t  

in  ab u n d an ce ,ap p ear in g  in  g r e a t e r  numbers than i s  seen  as a r u l e  in
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sections of neimai rr-arrcw. Myelocytes were found in as great niub- :.

e n o rm a l ly  in  t h e  maroro?.^/while n u c le a t e d  red c e l l s  were a l s o  v e r y  

numerous. M i t o t i c  f i g u r e s  , i n d i c a t i n g  p r o l i f e r a t i o n . , c o u l d  be found  

w i t h o u t  d i f f i c u l t y  in  b oth  t y p e s  o f  c e l l s .  The q u e s t i o n  o f  how 

t h i s  c o n d i t i o n  in  t h e  s p le e n  i s  brought about w i l l  be d i s c u s s e d  a t  

t h e  end o f  th e  ex p er im en t .

The l i v e r  e x h i b i t e d  c o n s i d e r a b l e  d i s t e n t i o n  o f  a l l  th e  v a s c u l a r  

c a p i l l a r i e s , and t h e s e  were f i l l e d  up to  a g r e a t  e x t e n t  w i th  a m ix tu re  

o f  m y e l c c y t e s  and e r y t h r o b l a s t s .  Giant c e l l s  o f  th e  marrow were  

a l s o  s e e n , b e s i d e  o rd in a ry  e r y t h r o c y t e s  in  g r e a t  number. These  

c o l l e c t i o n s  o f  c e l l s  were most n o t i c a b l e  near  the  p o r t a l  a re a s  o f  

th e  l o b u l e s ; t h e  c a p i l l a r i e s  b e in g  most d i s t e n d e d  t h e r e .

The k id n e y s  showed a l s o  a c o n s id e r a b l e  number o f  m y e l o c y t e s ,most  

o f  them c o n t a in e d  w i t h i n  th e  g l o m e r u l i , and s t a i n i n g  w e l l  ^vith 

E h r l i c h ' s  s t a i n .  In th e  v a s c u l a r  c a p i l l a r i e s  between the  c o n v o lu ted  

t u b u l e s , s c a n t y  m y e lo c y te s  and n u c le a te d  red c e l l s  were a l s o  found,

EXPERIMENT, 111.

Rabbit  30, w e ig h t  1280 grms.

Day. Red C o r p u s c l e s ,  L e u c o c y te s ,  H a e m o g l o b i n C o l o u r  Index ,  

o' 7 , 6 2 0 , 0 0 0  4 ,4 0 0  78 1 . 0

1^' 5 , 3 5 0 , 0 0 0  6 ,2 0 0  60 1 . 1

' ' 1 . 5  mg, o f  S a p o n i n  i n j e c t e d  in t r a v e n o u s l y ,

^ '1 .5  ; : :

On the day af te r  the f i r s t  i n j e c t i o n  scan ty  norm.'Cbl a s t s  were  

found in  the b lo o d ,a n d  a g r e a t  number of "shadows". The animal
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d i e d  ' à t h in  f o u r  hours a f t e r  th e  second i n j e c t i o n .

Post -m ortem ,  The -spleen was found sm a l l  and r a t h e r  s h r i v e l l e d .

The l i v e r  s p l e e n ,a n d  kidney? a l l  gave a d i s t i n c t  haem.csiderin r e a c t i o n  

This  r e a c t i o n  was p e c u l i a r  i n  the. l i v e r , i n  th a t  i t s  d e s t r i h u t i o n  was 

p a t c h y ,^ e i n g  c o n f in e d  to  t h e  zone surrounding th e  p o r t a l  t r a c t s .

The marrow shewed s i m i l a r  d i s t e n t i o n  o f  th e  c a p i l l a r y  system  w ith  

red c c r o u s c l e s  to t h a t  no ted  in  the  p rev io u s  exper im ent .  Adult  c e l l :  

b o th  m y e l o c y t e s  and e r y t h r o b l a s t s , w e r e  ex trem ely  s c a n ty  as compared 

w i t h  t h e  normal,and th e  f a t  spaces  appeared in  c o n t r a s t  much e n la r g e d .

In t h e  s p l e e n  a l l  t h e  p e r ip h e r a l  s in u s e s  were engorged w i t h  ery ­

t h r o c y t e s ;  s c a n ty  m y e lo c y te s  were s e e n ,b u t  no g i a n t  c e l l s .

In t h e  l i v e r  t h e  v a s c u l a r  c a p i l l a r i e s  were d i s t e n d e d  w i th  red 

c o r p u s c l e s , among w h i c h ,h o w ev er ,a number o f  m y e lo cy te s  cou ld  be r e c o g ­

n i s e d ,  The changes  in  t h i s  organ w e r e  not n e a r ly  so marked as  in  

th e  p r e v i o u s  exp er im en t .

The k id n e y s  showed c a t a r r h a l  change ,but  o t h e r w ise  n o th in g  o f  

i n t e r e s t .
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R a b b i t 31, we.LgVi; 1860 grn'ic.

Day. Red C o r p u s c l e s ,  Leu occy t 6S, Haemoglobin Colour Ind ex ,

o'- 8 7 3 0 ,0 0 0 7 ,0 0 0 92 1

1 7 6 0 0 ,0 0 0 37 ,200 84 1 , 0 3

2^' 6 1 3 0 ,0 0 0 30 ,3 0 0 78 1 . 2

3 6 1 5 0 ,0 0 0 3 0 ,5 0 0 74 . 1*1

4^' 5 9 3 0 ,0 0 0 2 0 ,0 0 0 72 1 . 1

5 ' 6 9 4 0 ,0 0 0 1 9 ,0 0 0 68 0 , 9

6 7 2 5 0 ,0 0 0 1 1 ,4 0 0 68 0 , 9

1 ^ ’ 6 1 3 0 ,0 0 0 1 1 ,9 0 0 68 1 , 0

8 8 0 6 0 ,0 0 0 1 3 ,7 0 0 68 0 , 8

7 3 8 0 ,0 0 0 2 7 ,2 0 0 66 0 ,7 9

10 6 3 5 0 ,0 0 0 1 0 ,0 0 0 60 0 , 9

11 6 2 0 0 ,0 0 0 1 1 ,9 0 0 60 0 , 9

12^' 6 1 7 0 ,0 0 0 1 3 ,1 0 0 60 0 ,9 8

13 7 1 0 0 ,0 0 0 13 ,1 0 0 62 0 , 8

14 ’ 7 3 2 0 ,0 0 0 1 1 ,5 0 0 GO 0 ,7 7

15 6 7 3 0 ,0 0 0 1 1 ,0 0 0 60 0 , 8 9

' ' 1 , 5 mg. c f  saponin  i n j e c t e d in t r a v e n o u s l y ,  •
%.

3,

4

a:

io.

1 . 5 : ;  

2,0 : 

2 , 0  : 
2 .5  : 

2 . 0  :

T h i s  ex  oe r i m  en t , th e  l o n g e s t  o f  t h e  . s e r i e s  ,w a s  kept u p  over  a
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p e r io d  c f  a f o r t n i g h t , a n d  r e s u l t s  o f  very  g r e a t  i n t e r e s t  were brought  

a b o u t .

In th e  b lo o d  cn th e  day a f t e r  the  f i r s t  i n j e c t i o n , n o m o b l a s t s  were 

f a i r l y  numerous,and a few d e f i n i t e  m e g a l c b la s t s  were s e e n .  A

marked l e m c o c y t o s i s , c h i e f l y  a f f e c t i n g  th e  polymorphs,was p r e s e n t  and

th e  o c c u r r e n c e  o f  an un u su a l  number o f  mast c e l l s  w i th  l a r g e  b a s o - /  

p h i l  g r a n u l e s  was a f e a t u r e  throughout the  whole exp er im en t .  The 

n u c l e a t e d  red c e l l s  p r e s e n t  were counted in  a f i l m  a g a i s t  th e  l e u c o ­

c y t e s , a n d  e s t i m a t e d  to  nember 4 ,300  per c.mrn, on t h i s  day.  On the  

su c c e e d in g  days  n u c l e a t e d  red c e l l s  con t in u ed  to be r r e s e n t , a l t h o u g h  

n e t  in  such number^ ,and a new f e a t u r e  become prom.inent, namely , t h e  

o c cu r r e n c e  o f  cu n o ta te  b a so g )h i l ia  in  the  red c o r p u s c l e s .  This  b e ­

came more and mere prominent as th e  experiment p r o g r e s s e d ,u n t i l  in  

th e  l a a t  few days a very  l a r g e  p ro p o rt io n  of:  th e  'red c e l l s  showed i t  

very  b e a u t i f u l l y ,  M acrocytes  were never  a f e a t u r e  o f  th e  f i l m s ,  

a l th o u g h  b a s o p h i l  c e l l s  o f  norm al ,or  s l i g h t l y  more than n o r m a l , s i z e  

were f a i r l y  abundant.  This  l a c k  o f  b a s o p h i l  m e g a lc c y te s  i s  in  

g r e a t  c o n t r a s t  to  what was found in  the  anaemia produced by th e  

h a e m o ly t i c  serum and by s t r e p t o l y s i n .  The animal was k i l l e d  on the  

f i f t e e n t h  day .

Post-mortem, The l i v e r , s p l e e n , a n d  k idneys  a l l  gyve a haem osider in  

r e a c t i o n , v er y  marked i n  the  two organs f i r s t  named.

The bone marrow i n  f i l r s  showed 'Widespread degenerau ive  changes  

in th e  c e l l s , m a n y  c f  which r e ta in e d  the  s t a i n  very  c o c r l y .  In  

s e o t i c n  th e  marrow: was found to be i r r e g u l a r l y  s c l e r o s e d  (see  Eig.i^)  

and t h e r e  was c o n s id e r a b l e  new form at ion  o f  young c o n n e c t iv e  t i - . - .ue ,  

Even in  th e  a re a s  o f  marrow not  d i r e c t l y  im pl icaosd  oy t h i s  c c n n e c t i v
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t i s s u e  f o r m a t i c n ; t h e  e s s e n t i a l  c e l l u l a r  e lem en ts  o f  th e  marrow were  

e x t r e m e ly  s c a n t y ,a n d  th e  m a j o r i t y  o f  them seemed to be  d e g e n e r a t i n g .  

Not a s i n g l e  g i a n t  c e l l  was found a f t e r  lo o k in g  through  s e v e r a l  

d i f f e r e n t  s e c t i o n s .

In th e  s p l e e n  very  abundant m y e lo c y te s  and n u c l e a t e d  red c e l l s  

were found in  t h e  p e r i p h e r a l  s i n u s e s .  The n u c le a t e d  red c e l l s  ^were 

d e f i n i t e l y  a g g re g a te d  i n t o  clumTS,without an i n d i c a t i o n  o f  marked 

p r o l i f e r a t i o n  and m u l t i p l i c a t i o n  o f  t h e s e  c e l l s  in  th e  s p le e n  s i n u s e s  

Giant c e l l s  c f  th e  m a r r o w  in  f a i r  numbers '"ere seen  in  th e  s i n u s e s  

( s e e  E i g . J ) ,  -abundant y e l l o w i s h  p ig m en t ,b e th  i n t r a -  and e x t r a ­

c e l l u l a r  in  dastribution,and g i v i n g  th e  i r o n  r é a c t i o n /mas found  

s c a t t e r e d  throughout th e  organ.

The l i v e r  shewed s i m i l a r  changes to  t h o se  noted p r e v i o u s l y .  In 

the  d i l a t e d  c a p i l l a r i e s  m y e l o c y t e s , n u c le a te d  red c e l l s , a n d  megakaryo­

c y t e s  w ere  a l l  s e e n , b u t  not  in  g r e a t  numbers.

The lu n g s  were in  t h i s  experiment a l o n e , c a r e f u l l y  examined m ic ro -  

sco o i c a l l y  ,and m y e lo c y te s  and th e  n u c l e i  c f  megakaryocytes  were re ­

c o g n i s e d  w i t h o u t  d i f f i c u l t y  in  th e  c a p i l l a r i e s ,

EXPERIMENT. V,

Rabbit  32, weight  1250 g m s .

Day, Red C o r p u s c l e s ,  L e u c o c y te s ,  Haemoglobin /©, Colour Index,

o''  6 , 5 1 0 , 0 0 0  1 2 ,1 0 0  70 1 .0

1^' 5 , 5 5 0 , 0 0 0  1 1 ,6 0 0  59 1 ,0 7

2 4 , 5 6 0 , 0 0 0  20 ,300  50. 1 . 1
f
' 2 , 5  mg, o f  saponin  i n j e c t e d  i n t r a v e n o u s l y ,

^■5.0 : : :
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In t h i s  exper im ent  c.n a t tem pt  was %ade to  in d u ce  a more r a r i d  

a n a e n ia  u s i n g  l a r g e r  d c s e s  c f  the  d r u g ,h u t  th e  animal  d i e d  as  a 

r e s u l t  o f  t h e  second  i n j e c t i o n ,  F o l lo w in g  th e  f i r s t  i n j e c t i o n , n o

im p ortan t  changes  were observed  i n  th e  b lo o d .  F o l lo w in g  t h e  seconi  

i n j a c t i o n , however^norm oblasts  were p r e se n t  in  c o n s i d e r a b l e  numbers.  

On t h i s  day too  th e  animal passed a q u a n t i t y  o f  dark red u r i n e , i n  

which C a s t s  o f  haemoglobin  from the  k idney  t u b u le s  c ou ld  be  r e co g ­

n i s e d ,  No u n a l t e r e d  red c e l l s  were found in  th e  u r i n e .

Post -m ortem ,  The l i v e r  and k idneys  gave o n ly  a very  s l i g h t  and i n ­

d e f i n i t e  h a e m o s id e r in  r e a c t i o n ;  th e  sp leen  a more marked r e a c t i o n .  

The bone marrow'showed e x a c t l y  s i m i l a r  changes to t h o s e  no ted  in  

Ix p s r im e n t  1 , ;  namely/much p y ^ o t i c  change in  the  n u c l e i  o f  c a l l s ,  

and d i f f u s e  m a sses  o f  e r y t h r o c y t e s  f i l l i n g  out the  c a p i l l a r i e s .

In t h e  s u l e e n  no m ye lo id  tra-nsformation was apparent .

The l i v e r  showed some d e f i n i t e  f o c a l  areas  o f  n e c r o s i s .

The k id n e y s  e x h i b i t e d  o n ly  c a t a r r h a l  changes ,

RESULTS CF EXPmiMlNTS.

The r ? s u i t s  o f  t h e s e  exper im ents  br ing  out very  s t r o n g l y  th e  

mode i n  which saponiri a c t s  as  an agent which ca.n produce anaemia.

I t s  a c t i o n  i s  s e l e c t i v e  and p e c u l i a r , b e i n g  con f in ed  in  a d e s t r u c t i v e  

s e n s e  c h i e f l y  t o ' t h e  bone marrow as an organ. I t  i s , o f  c o u r s e , a  

f a c t  t h a t  saT onin  must d e s t r o y  red b lood c o r p u s c le s  in the  o e r i -  

pheral  c i r c u l a t i o n , a n d  t h i s  i s  proved by th e  occurrence  o f  "shadows" 

in th e  b lo o d  f i l m s  f o l l o w i n g  i t s  i n j e c t i o n .  This a c t i o n  o f  l a k in g  

c e l l s  i n  th e  n e r i  ch e r a l  b lood  o f  an animial m u st ,however, ue very  much 

i n f e r i o r  to  th e  mowers o f  h a em o ly s i s  p o s s e s se d  by the  drug in  t e s t —
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tu b e  ex p er im e n ts , '

Chances i n  th e  bone, marrow. The d e s t r u c t i v e  e f f e c t  on t h i s  

organ i5;&3 a l r e a d y  i n d i c a t e d , c n e  c f  the  c h i e f  e f f e c t s  c f  i n j e c t i o n

o f  t h e  drug.  In an imals  dy in g  a c u t e l y  t h e r e  i s  à marked d es tu ^ t i^ w
A

a c t i o n  cn a l l  th e  c e l l s , w h i c h  show very  v a r ie d  c o n d i t i o n s  o f  degen­

e r a t i o n  , and f r e q u e n t  p yknot ic  change i n  th e  c e l l  n u c l e i .  In th e  

v e ry  a c u t e  c a s e s  the  marrow c e l l s '  seem s im ply  to n e c r o s e  a n d  d i s -  

appeaq’jSc t h a t  th e  whole  organ i s  almost  emptied o f  i t s  normal c e l l  

e l e m e n t s .  The o t h e r  change observed in  th e  acute  exper im ents  i s
u It

what P u n t in g  d e s c r i b e s  a S •haemorrhage from the  v a s c u la r  c a p i l l a r i e s ,  

but  c a r e f u l  exam inat ion  shows th a t  t h i s  i s  in  many c a s e s  not  a t ru e  

haemorrhage a t  a l l , t h e  c a p i l l a r i e s  b e in g  s im ply  crowded and d i s t e n d e d  

w it h  e r y t h r o c y t e s , b u t  the  c a p i l l a r y  "■all remaining i n t a c t .

In l o n g e r  c o n t in u e d  e x p e r im e n t s , t h ^ s e  e a r ly  d e g e n e r a t iv e  changes  

are  su c ceed ed  by a d i f f u s e  f i b r o u s  change,which may invade a lmost  the  

whole marrow. In th e  new c o n n e c t i v e  t i s s u e  h a rd ly  a mature marrow 

c e l l  can be  r e c o g n i s e d ,w h i l e  th e  f a t  spaces  are  a l s o  much encroached  

upon a.nd may a im ost  d i s a p p e a r  ( s e e  F ig . 'L ) , This  d i sa p p ea ra n ce  o f  

the  f a t  as  a r e s u l t  o f  f i b r o s i s  corresponds c l o s e l y  to  what Flemming 

d e s c r i b e d  as o c c u r r in g  in  th e  subcutaneous f a t  a f t e r  v a r io u s  i n f la m ­

matory p r o c e s s e s .

These marrow changes have a very  dec ided  i n t e r e s t  when, compared 

w ith  th e  c o n d i t i o n  o f  th e  bone marrow found in  c a s e s  o f  A p l a s t i c  

anaemia in  mw.n.

Changes i n  th e  b l o o d . The two e a r ly  changes noted in  the  b lo o d ,  

w ith in  a v e r y  s h o r t  oeriod, a f t e r  each i n j e c t i o n , a r e , t h e  occurrence  

^f f a i r l y  nurrerous "shadows",and th e  p resence  in  the peripher .-1
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c i r c u l a t i o n  o f  m%ny n u c l e a t e d  red c o r p u s c l e s , a l m o s t  a l l  n o r m o b la s t i c

in  t y p e .  The "shadows" i n d i c a t e  th e  d i r e c t  l y t i c  e f f e c t  on the  

b l o o d  e c r r u ; c l e s , w h i l e  t h e  p r e sen ce  o f  many n orm ob las ts  must be  

ta k en  as  th e  s ig n  o f  commencing damage to th e  bone marrow. I t  i s  

p r o b a b le  t h a t  a l l  s o - c a l l e d  "blood c r i s e s " , i n  w h a tev er  typ e  o f  ana-v; 

t h e y  a re  met w i t h ,d e p e n d  d i r e c t l y  on some a c u te  p r o c e s s  o f  d e s t r u c t i o n  

or  dam:age g o in g  on a t  t h a t  t im e i n  th e  marrow. In th e  l o n g e r  ex­

p er im en ts  o t h e r  m o r p h o lo g ic a l  changes  are  met w i t h ,  Polychrom ato-  

p h i l i a  i s  a c o n s t a n t  f e a t u r e , b u t  th e  c e l l s  e x h i b i t i n g  i t  are  c f  a l ­

most  norm^al s i z e  and are  not  to  be compared w ith  th e  l a r g e  b a s o p h i l  

m e g a l c c y t e s  seen  in th e  exp er im en ts  w i th  th e  h a e m o ly t ic  immune-s e rum 

or to  Ô l e s s e r  e x t e n t  f o l l o w i n g  i n j e c t i o n s  o f  s t r e p t o l y s i n .  In 

s h o r t , t h e  anaemia induced by sapon in  i s  n ev er  c f  a t r u l y  m e g a l o c y t i c  

t y p e ,a n d  b e a r s  no r e a l  resemblance  to  th e  b lood  p i c t u r e  found i n  

p e r n i c i o u s  anaemia i n  man. This  i s  q u i t e  in  o p p o s i t i o n  to th e  vie"' 

h e ld  by p u n t i n g ,  P c i k i l o c y t o s i s  was never  seen  i n  th e  experim ents  

and from th e  t a b l e s  g iv e n  i t  w i l l  be  r e a d i l y  seen  t h a t  th e  Colour  

Index  n e v e r  sank f a r  b e lo w ,n o r  r o se  much a b o v e , th e  ne r r a i  v a l u e .

The h i g h e s t  Colour Index  found was 1 , 2  on th e  second day o f  Exper­

iment IV, , ana t h e  lo w e s t  recorded was C ,77 on the  f o u r t e e n t h  day o f  

th e  same exp er im en t .

As regard s  t h e  l e u c o c y t e s , a  l e u c o p e n ia  such as  i s  d e s c r ib e d  by  

I s a a c  and M ockel ,was  n ev er  found.  On the  c o n t r a r y , i n  most o f  t h e  

exper im ents  sh ow n  in  th e  t a b l e s  a d e f i n i t e  l e u c o c y t e  s i s  '"as almiost 

t h e  r u l e .  D i f f e r e n t i a l  c o u n t s  y i e l d e d  s u c h  v.^^ying r e s u l t s  t h a t  

t h e i r  v a l u e  must be d i s c o u n t e d .
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Chan- In. ûb.3 splspn ard. liver. The changes in these organs 
:Te o f  g r e a t  i n te r e s t ,% n d  r a i s e  c e r t a i n  v e r y  important  q u e s t i o n s .

The m y e lo id  changes  in  th e  s o l e e n  have been so w e l l  d e s c r i b e d  by 

p r e v i o u s  w o r k e r s , t h a t  n o th in g  new f a l l s  tc  be added. In my exp er -  

i m e n t s , n o r m o b l a s t s , m e g a l c b l a s t s , m y e l o c y t e s , a n d  m egakaryocytes  were  

f r e q u e n t l y  see n  in  g r e a t  numbers in  th e  p e r i p h e r a l  s i n u s e s , a n d  

e v i d e n c e s  o f  t h e i r  a c t i v e  p r o l i f e r a t i o n  in  t h i s  s i t u a t i o n  were not  

Wanting,  In th e  l i v e r  a s i m i l a r  a g g r e g a t io n  o f  e lem ents  o f  th e  

bone marrow tc t h a t  d e s c r i b e d  by I sa a c  and Mockel was found i n  th e  

b l o o d  c a p i l l a r i e s  in  s e v e r a l  o f  my exper im ents .

In c o n n e c t io n  w i t h  t h e s e  appearances  in  the  l i v e r  and spleen,the  

q u e s t i o n  a t  once a r i s e s  'vhether t h i s  i s  a tmue e x t r a -m e d u l la r y  form­

a t i o n  o f  bone marrow,or whether the  c e l l s  have s im ply been d i s l o d g e d  

from t h e i r  norrrial p o s i t i o n  i n  th e  marrow,and have anchored th e m se lv e s  

in  t h e s e  new s i t u a t i o n s .  The q u e s t io n  o f  "myeloid m e t a p l a s i a " , t h e  

term by which th e  p re se n ce  o f  bone marrow e lem ents  in  e x t r a -m e d u l l  r . 

s i t u a t i o n s  i s  more ccmmonly known,has  a t t r a c t e d  widespread a t t e n t i o n .  

Very v a r i e d  v iew s  as to  how i t  occurred are h e l d ,b u t  from my o b se r -  

v a t i o n s  I am s a t i s f i e d  t h a t  in  regard to  saponin  a t  l e a s t , t h e  bone  

marrow c e l l s  have  s im ply  been t r a n s f e r r e d  to the  l i v e r  and s p l e e n  a? 

a r e s u l t  o f  t h e  d i r e c t  t o x i c  and d e s t r u c t i v e  a c t i o n  o f  th e  drug on 

the  marrow, A c o n v in c in g  p ro o f  o f  t h i s  view i s  a f fo rd e d  by the  

r e s u l t  o f  exam inat ion  c f  th e  lungs  in  Experiinpnÿ IV. , i n  th e  c a p i l l ­

a r i e s  o f  w hich  t h e  n u c l e i  o f  many g ia n t  c e l l s  o f  the  bone marrow 

were d i s c o v e r e d , t h u 5 making i t  c e r t a i n  th a t  t h e s e  c e l l s  had been  

d i s l o d g e d  from t h e i r  normal p o s i t i o n  and had c i r c u l a t e d  in  the  b lood  

stream. In exper im ents  w i th  P y r o g a l l o l  and P h e n y l -h y d r a z in ,



/%/.

V, Davarus found s i m i l a r  m y e lo id  changes i n  th e  s p l e e n  to  th o se  ob­

t a i n e d  w i t h  Sapcn n ,b u t  i n d i c a t e s  h i s  b e l i e f  t h a t  t h i s  i s  not  a f o r ­

m ation  c f  bone marrow "de n ovo" ,but  probably  dependant on a s im p le  

t r a n s f e r e n c e  o f  c e l l s .

I t  must n o t  be  cc n c lu d ed  from t h e s e  rem arks,however ,  that  no t r u e  

e x t r a - m e d u l l a r y  bene marrow fo rm a t io n  can occur  under a d i f f e r e n t  s e t  

o f  c o n d i t i o n s .  F u l l e r  r e f e r e n c e  to t h i s  p o in t  w i l l  be found i n  the  

part  o f  t h i s  t h e s i s  d e a l i n g  w i th  the  anaemia induced by s im p le

b l e e d i n g .  I t  w i l l  be  seen  t h a t  a f t e r  haemorrhage a new b lo o d  f o r ­

m at ion  can be  induced i n  th e  l i v e r , t h y m u s  , e t c ,  , s imply  as a r e s u l t  c f  

th e  s t imule:-  o f  c o n t in u ed  b l e e d i n g s .  F u r t h e r , cases- have been d e s ­

c r i b e d  e g - e c i a l l y  i n  young c h i l d r e n  o f  d e f i n i t e  ext  ra-m e d u l l a r y  

marrow f r r m a t i c n  in th e  hilum. o f  the  k idney  in  s e v e r e  anaemias c f

V. J a k s c h ' s  t y r e .  In s e v e r a l  c a s e s  t o o , of  p e r n ic io u s  anaemia in  man

observed  by r y s e l f , t h e r e  was found c o n s id e r a b l e  c o l l e c t i o n s  o f  m yelo­

c y t e s  and e r y t h r o b l a s t s  undergoing a c t i v e  p r o l i f e r a t i o n  w i t h i n  the  

c a p i l l a r i e s  o f  th e  l i v e r .  Herz has drawn a t t e n t i o n  to c e r t a i n  o a s e s  

in  th e  human s u b j e c t  which a re  o f  g r e a t  i n t e r e s t  when compared w i th  

the e x p er im en ts  w ith  sa p o n in .  He observed in  c e r t a i n  s e v e r e  s e p t i c  

c o n d i t i o n s  g o in g  on to  a f a t a l  i s s u e , t h a t  post-mortem t h e r e  was an 

a p l a s t i c  and d e p l e t e d  bone miarrow ,and th a t  in  th e  l i v e r  and s p le e n  

d e f i n i t e  b e n s  m. arrow formant ion  had occurred ,  which he thought was 

com pensate ly  i n  n a t u r e .

I t  i s  i n t e r e s t i n g  tc- n o t e , a s  i n d i c a t i v e  o f  the  e f f i c a c y  o f  the  

myeloid + r a n s fo m -a t io n  in  the  l i v e r  and s p le e n  as  regards b lo o d  r e -  

g e n e r a t i o n , t h a t  in  Experiment IV, th e  red c e l l  count was m ainta ined  

^t a f i g u r e  o f  hot"'’eon 6 and 7 m i l l i o n s  in  s p i t e  o f  uhe fa.c i- ^hau



the hone m arrow itself was f cun cl p o a t - r  " rt er to h e  a l m o s t  o o m p l e t e -  

ly fibrosed.

Other c h a n g e s  i n  th e  o r g a n e . In a l l  o f  my e x p e r i m e n t s  a  d e f i n i t e  

h a em o s id e r in  r e a c t i o n  was g iv e n  by the  l i v e r , k i d n e y s , a n d  sp le e n ,w h e n  . 

t e s t e d  i n  th e  u s u a l  w a y ,  I t  was more marked i n  t h e  a c u t e  ex p er ­

im e n ts  than i n  t h o s e  o f  l o n g e r  d u r a t io n .  A t t e n t i o n  m u s t  be d i r e c t ' d  

t o  t h i s  p r i n t , s i n c e  b oth  Bun t in g ,an d  I sa a c  end M o c k e l , s t a t e  t h a t  no 

such r e a c t i o n  i s  g i v e n .  In t h e  k idneys  o f  t h e  animals  d y in g  àc u t e l y  

v e r y  marked c a t a r r h a l  changes  '"/ere found,sho'ving t h a t  the  d r u g , o r  

some product  o f  i t , e x e r c i s e  a  t o x i c  e f f e c t  on t h e s e  c e l l s  d u r in g  

e x c r e t i o n ,

CONCLUSIONS, .

1 ,  The h a e m o ly t i c  a c t i o n  o f  saponin i s  very  mmch l e s s  in  th e  animal  

body than i n  t e s t - t u b e  ex p er im en ts ,

2, F o l l o w i n g  i n j e c t i o n  o f  th e  d r u g , ev id e n ce  o f  a d i r e c t  h a e m o ly s i s  

i n  t h e  p e r i p h e r a l  b lo o d  i s  g iv e n  by the  presen ce  o f  many "shadows",

3, The c h i e f  a c t i o n  o f  saponin  i s  a d e s t r u c t i v e  one on the  bone  

marrow a s  an organ.  At an e a r l y  s t a g s  ,miarked d e g e n e r a t iv e  changes  

occur i n  th e  marrow, r e s u l t i n g  in  th e  t i s s u e  b e in g  g r e a t l y  d e p l e t e d  o f  

mature c e l l s .  These changes are  succeeded by a more or l e s s  com­

p l e t e  f i b r o s i s  o f  th e  marrow,

4, The m o r p h o lo g ic a l  changes in  the blood., can in  g r e a t  part  be ex­

p la in e d  on th e  b a s i s  o f  th e  f i n d i n g s  in  the marrow. The p r e sen ce  o f  

normoblast.? in  th e  c i r c u l a t i n g  b lo o d  scon a f t e r  each i n j e c t i o n  i s  to  

t e  regarded a s  t h e  outward s ig n  o f  damage to  th e  marrow. The b lood
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p i c t u r e  n e v e r  becomes m e g a l o c y t i c , t h e  Colour Index  i s  as  a r u l e  not  

r a i s e d  -bove  th e  normal,and th e  f i l m s  do not  ever  r e a l l y  resemble  

t h o s e  from a c a s e  o f  human p e r n ic io u s  anaemia,

5 ,  M yelo id  m e t a p l a s i a  i s  found a lmost  as  a r u le  i n  th e  s p l e e n ,a n d  

f r e q u e n t l y  in  th e  l i v e r .  So f a r  as  saponin  i s  c o n c e r n e d , t h i s  appear­

ance  depends  on d i s lo d g e m e n t  o f  c e l l s  from th e  marrow,which come to  

r e s t  a g a in  in  t h e s e  new s i t u a t i o n s , to p r o l i f e r a t e  w i th  v igour,  t h e r e ,

6 , These m y e lo id  changes  in  th e  l i v e r  and s p lee n  are  s u f f i c i e n t  to  

compensate  f o r  an a lm ost  com ple te  f i b r o s i s  o f  the  mar row, so t h a t  an 

animal ’d t h  th e  l a t t e r  c o n d i t i o n  may r e t a i n  a normal b lood  co u n t ,

7, Contrary to  th e  n e g a t i v e  f i n d i n g s  o f  B u n t in g , t h e  organs g i v e  a 

d i s t i n c t  h a em o s id e r in  r e a c t i o n ,

8 , , In th e  k i d n e y s , t h e  drug induces  f a i r l y  marked c a t a r r h a l  change

o f  t h e  t u b u l e s .
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F i g .  1.  S e c t i o n  o f  b ens  marrow from Experiment 11 .  The animal

wo.3 found dead on th e  f o u r t h  day. Marked d e g e n e r a t i v e  

c h a n g e s ,a n d  d e p l e t i o n  o f  a d u l t  marrow c e l l s , a r e  s e e n ,

( X 300 )

F i g .  2 , S e c t i o n  o f  bone miarrow fromi Experiment I v .  D u rat ion  o f

exper im ent  f i f t e e n  d a y s .  The marrow i s  in  a s t a t e  o f  

s c l e r o s i s , and very  few c e l l s  are  p r e s e n t .  ( x  300 )

F i g .  3 ,  S e c t i o n  o f  s p l e e n  from Experiment IV. A m egak aryocyte ,

a,nd f a i r l y  numerous m y e lo c y te s  are  s e en ,  ( x  300 )

F i g .  4,  Shows th e  same changes  a s  F ig u re  3,
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D.

THE ÂIÎAEEIA PRODUCED BY THE IHJECTIOH OP TOLUYLEHDIAHIH,
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Toluylendia«--in ,whioh i n  the  t e s t - t u b e  has  a b so lu te ly -  no haemo- 

l y t i c  a c t i o n  on red b lo o d  c o r p u s c l e s ,was f i r s t  d i s c o v e r e d  to  be  a 

b lo o d  p o i s o n  in  th e  animal body by Schmiedeberg n e a r l y  t h i r t y  y e a r s  

a g o .  I t s  a c t i o n  in  th e  l i v i n g  body was f i r s t  i n v e s t i g a t e d  thorough­

l y  by Btadslmann,who found t h a t  in  dogs the  drug was an a c t i v e  b lo o d  

d e s t r o y e r , a n d  t h a t  s e v e r e  ja u n d ic e  fo l lo w e d  in  the  an imals  to  which  

i t  was a d m in i s t e r e d .  His o b s e r v a t io n s  on the  ja u n d ic e  and b lo o d  

d e s t r u c t i o n  induced  were c o l l e c t e d  by him i n  h i s  book ”Der I c t e r u s  

und s e i n e  v s r s c h i e d e n e n  Pormen” , p u b l ish ed  in  1891, Pu rth er  r e f e r ­

ence to  h i s  work w i l l  be  found in  the. s e c t i o n  o f  t h i s  t h e s i s  d ev o ted  

to  "Haemolytic  I c t e r u s ”,

Here a t  p r e s e n t  we ».re concerned more w i th  th e  a c t i o n  o f  th e  drug 

on t h e  b lo o d  c o r p u s c l e s  w i t h in  the  body,and th e  e x t e n t  and v a r i e t y  

o f  t h e  anaemia which e n su e s ,  Por a long time th e r e  was no c l u e  to  

the  rea so n  why t o lu y l e n d i a m i n ,w i t h  no a c t i o n  whatever on red corp u s ­

c l e s  in  t h e  t e s t - t u b e , should  be so d e f i n i t e l y  haem olyt ic  in  th e  body.  

I t  i s  o n ly  r e c e n t l y , s i n c e  the  work o f  Joannovics  ^nd P ick  (1909%, 

th a t  an i d e a  has  been ga ined  o f  what may occur.  These authors  were  

tempted to  i n v e s t i g a t e  the  s u b j e c t  by the extremely  i n t e r e s t i n g  pub­

l i c a t i o n  o f  Pau st  and T a l l q u i s t  (1907) in  r e l a t i o n  to  the q u e s t i o n  o f  

S o r t h r io c e o h a lu s  anaemia,  Paust  and T a l l q u i s t  were a b le  to  show 

that  t h e r e  c o u ld  be  e x tr a c te d  from th e  p r o g l o t t i s  o f  the  worm c e r t a i n  

f a t t y  a c i d s  ( c l s a u r e )  ,which e x i s t e d  in  the body o f  the  p a r a s i t e  com­

bined w i t h  c h o l e s t e r i n  in  th e  form o f  e s t e r s .  They found thau th e  = e



f a t t y  a c i d s  co u ld  be s p l i t  o f f  from th e  co m b in a t io n ,w e r e  then a b s -  

ofbed  i n t o  t h e  b lo o d  o f  th e  h o s t , a n d  t h e r e  e x e r c i s e d  a h a e m o ly t i c  

a c t i o n .  J o a n n ov ics  and P ick  sought to  f i n d  whether i n  n c i s o n in g  by  

t o l u y l e n d i a m i n , t h e  drug might a c t  by producing i n d i r e c t l y  some haemo-  

l y t i c  s u b s ta n c e  or s u b s ta n c e s  in  th e  organs .  The ir  ex p er im en ts  were  

c a r r i e d  out on d o gs ,an d  th ey  a r r iv e d  a t  th e  f o l l o w i n g  i n t e r e s t i n g  re ­

s u l t s .  A d e f i n i t e  d i s t i n c t i o n  had to  be made i n  t h e i r  exper im ents  

between t h e  a c u t e  c a s e s  o f  p o i s o n i n g , f a t a l  in  a few h o u rs ,a n d  th e  

c h r o n ic  c a s e s  which were a l low ed  to go on f o r  weeks .  In th e  former  

c a s e s  t h e y  found in  th e  e x t r a c t  o f  the  an im als '  l i v e r s  a p o w e r f u l ly  

a c t i n g  h a em o ly s in ,w h o se  development was not i n f l u e n c e d  in  any way by 

removal o f  t h e  s p le e n ,a n d  which was almost  c e r t a i n l y  formed as  a d i r ­

e c t  r e s u l t  o f  th e  a c t i o n  o f  th e  drug i n j e c t e d .  This  haernoly^in i n  

more c h r o n ic  c a s e s  was found by them in  much more spar ing  amount,  

b e in g  e v i d e n t l y , s o  th ey  c o n c lu d e d ,a lr e a d y  f i x e d  to the  b lood  co rp u s ­

c l e s ,  In t h e  ch ron ic  o a s e s ,however , another  haem olyt ic  body was d i s ­

covered  ,which made i t s  appearance c o in c id e n t  w i th  the  f a t t y  change  

which ensued i n  th e  l i v e r .  This l a t t e r  haem olys in  was e v i d e n t l y  

c l o s e l y  a l l i e d  to  th e  f a t t y  - .e lds  i n  com posi t ion ,and  in  c o n t r a s t  to  

the o t h e r  h a e m o ly s in  th e  removal o f  the  s p lee n  had a d e f i n i t e  e f f e c t  

on i t s  development  i n  the  l i v e r .  Such,then,  i s  th e  e x ten t  o f  our  

knowledge o f  how to lu y le n d ia m in  a c t s  in  the animal body.

As regard s  th e  changes produced apart  from the  j a u n d i c e , t h e  c h i e f  

. p u b l i sh ed  r e s u l t s  o f  th e  e f f e c t s  on the  blood c o r p u s c le s  ,90 f a r  as  i s  

known to  m e ,a r e  t h o s e  o f  ¥m. Hunter in  h i s  book on P e r n ic io u s  Anae­

mia ( 1 9 0 1 ) ,  In h i s  experiments  he used to lu y len d iam in  to determ ine  

the f u n c t i o n  o f  the  s o l e e n  in  regard to b lood d e s t r u c t i o n .  He
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p o i n t e d  out th e  d i f f e r e n c e s  o f  th e  a c t i o n  o f  th e  drug i n  an im als  o f  

d i f f e r e n t  s p e c i e s , a l t h o u g h  t h i s  had a l s o  been  r e f e r r e d  to  by S t a d e l -  

mann. In th e  c a t , e v e n  minute d o se s  (0 .1 5  g rm ,) are  s u f f i c i e n t  to  

c a u s e  haem oglob in u r i^  and death  in  .a very  sh o r t  t im e .  In the  dog 

t h e  a c t i o n  i s  l e s s  t o x i c , a n d  s t i l l  l e s s  so in  the  r a b b i t ,w h e r e  th e  

b lo o d  d e s t r u c t i o n  i s  v e ry  moderate i n  amount. Hunter used r a b b i t s  

i n  h i e  exp er im en ts  b eca u se  he wished to  produce a b lo o d  d e s t r u c t i o n  

o n ly  a l i t t l e  more marked than what occurs i n  h e a l t h , a n d  so to  sim­

u l a t e  more or  l e s s  c o m p le te ly  th e  s low h a e m o ly s i s  which must occu r  

i n  p e r n i c i o u s  anaemia. The r e s u l t s  ob ta ined  by H u n te r , in  h i s  ex­

p er im en ts  on r a b b i t s , a r e  b r i e f l y  t h e s e .

When em ai l  d o s e s  o f  th e  drug were u se d ,h e  found s im ply  an exagg­

e r a t i o n  o f  th e  chci.nges which occur in  th e  b lood i n  h e a l t h , w i t h  in  

a d d i t i o n ,h o w e v e r , i n c r e a s e d  product ion  o f  b i l e  p igm ents ,and  in c r e a s e d  

d e p o s i t  o f  i r o n  in  th e  l i v e r , s p l e e n , and bone marrow, Larg-'-r d o se s  

i n c r e a s e d  t h e  above phenomena,but'there  r e s u l t e d  as  w e l l , l ,  a  marked 

o l i g a e m i a , a n d  2 , m o rp h o lo g ica l  changes never  seen  i n  h e a l t h , s u c h  as  

the  o c c u r r e n c e  o f  s trom ata  and ^schatten" i n  the  b lo o d ,a n d  o f  remains  

o f  haem oglob in  i n  th e  u r i n e .  He never  produced haem oglob inuria  or

b i l i u r i a ,  v i d e  Hunter,  p, 384,

From a s e r i e s  o f  experiments  in  which s m a l l ,medium, and l a r g e  doses  

of  th e  drug were employed,Hunter drew very important c o n c l u s i o n s  w ith  

regard to  th e  s i t e  and e x ten t  o f  th e  blood d e s t r u c t i o n ,  . He co n c lu d ­

ed t h a t  w i t h  sm a l l  d o se s  the  haem olys is  i s  con f in ed  e n t i r e l y  to the  

s p le e n .  With medium doses  th e  haem olyt ic  e f f e c t s ,w h i l e  s t i l l  most  

Marked in  t h e  s p l e e n  and p o r t a l  b lo o d ,a r e  s t i l l  absent  from th e  

genera l  c i r c u l a t i o n .  With l a r g e  doses  the whole c i r c u l a t i o n  i s



i n v o l v e d  i n  the h a e m o l y s i s , h u t  h er e  a g a in  th e  s p l e e n  and p o r t a l  b lo o d  

b e a r  t h e  brunt  o f  the  d e s t r u c t i v e  p r o c e s s .  Hunter g i v e s  no d e t a i l s  

o f  t h e  m o r p h o lo g ic a l  changes found in  the  b lo o d  i n  the  more ch ro n ic  

c a s e s .

RECORDS OF EXPERIMMTS.

The sample o f  th e  drug employed was a product  o f  Kahlbaum, w i t h  

t h e  form ula

OgHs : CH3 : HHg : HHg 1 : 2 : 4 ^ e ,  th e  M eta -T o lu y le n d ia m in )

I t  was i n  e v e r y  c a s e  i n j e c t e d  i n t r a v e n o u s l y  i n t o  th e  ear  v e i n  o f  

r a b b i t s .  S o l u t i o n  in  normal s a l i n e  i s  o n ly  accom plished  by b o i l i n g ,  

and whenever  th e  s o l u t i o n  c o o l s , c r y s t a l s  o f  the  drug r e a d i l y  s e p a r a te  

o u t .  This  c o n s t i t u t e d  a t  f i r s t  a d i f f i c u l t y  i n  a d m in i s t e r in g  th e  

d r u g , u n t i l  i t  was found t h a t  th e  a d d i t i o n  o f  a f&N drops o f  a c e t i c  

a c id  to  th e  s a l i n e  keeps the  drug in  p e r f e c t  s o l u t i o n , even when th e  

s a l i n e  i s  a l lo w e d  to  become q u i t e  co ld  b e f o r e  i n j e c t i o n .  In th e  

l a t e r  e x p e r i m e n t s - t h i s  procedure was always adopted.

The ex p er im en ts  th e m se lv e s  w i l l  now be g iv e n  i n  d e t a i l ,

IDOgBIMEHT 1.
R a b b i t ,  w eight  1560 grms.

Day, Red C o rp u sc le s ,  L e u c o c y te s ,  Haemoglobin 

o'- 6 , 8 2 0 ,0 0 0  9 ,0 0 0  80

1 '̂ 6 , 8 1 0 ,0 0 0  8 ,4 0 0  72

2 5 ,1 5 0 ,0 0 0  11 ,9 0 0  70

0 , 3  grm, o f  t o lu y le n d ia m in  i n j e c t e d  i n t r a v e n o u s l y , i n  5 c , c ,  HaCl,  

1 , 0  : : : 20 :
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In t h i s  animal  no changes in  th e  b lo o d  or  u r in e  '-'ere observed  on 

th e  day f o l l o w i n g  th e  i n j e c t i o n  o f  th e  f i r s t  sm a l l  d o s e .  A f t e r  t h e  

a d m i n i s t r a t i o n  o f  th e  second d o 3 e , t h e  animal  was very  i l l  f o r  some 

t i m e , b u t  r e c o v e r e d .  The same e v e n i n g , s i x  hours a f t e r  th e  i n j e c t i o n ,  

a specimen o f  u r in e  was found to co n ta in  abundant b i l i v e r d i n .  F i lm s  

o f  b lo o d  made a t  t h i s  t im e showed no e v id en ce  o f  "shadows” ,nor  were  

any abnormal c e l l s  p r e s e n t ,  IText day the  u r in e  a g a in  co n ta in e d  

abundant b i l e , w h i c h  tended to  s e p a r a te  out as  a l a y e r  on th e  s u r f a c e .  

The b lo o d  count  on t h i s  day ( s e e  Table) was d i s t i n c t l y  lo w e r e d ,b u t  

b lo o d  f i l m s  showed no apparent  abnorm ali ty  w h a tso ev er .  On th e  f o l l o w  

- i n g  day t h e  animal  was k i l l e d , a n d  the  organs examined.

The s p l e e n  was found e n l a r g e d ,dark purple in  c o lo u r ,a n d  gave a  

very  marked h a em o s id er in  r e a c t i o n .  The l i v e r  gave a s l i g h t  r e a c t i o n  

f o r  i r o n , t h e  k id n e y s  none a t  a l l .  The bone marrow appeared very  

f a t t y .

The bone marrow m i c r o s c o p i c a l l y  s imply showed l a r g e  f a t  s p a c e s ,  

w ith  no d e g e n e r a t i v e  or o th e r  changes v i s i b l e  in  th e  c e l l s .  Golden-  

y e l l o w  pigment was seen  i n  com p arat ive ly  la r g e  amount, c o n ta in ed  w i t h ­

in  l a r g e  p a l e l y  s t a i n i n g  c e l l s .  This pigment i s  found norm ally  in  

the marrow,but h e r e  i t  was o b v io u s ly  much i n  e x c e s s .

The s p l e e n  in  s e c t i o n  was found to have the  p e r ip h e r a l  s i n u s e s  

a b s o l u t e l y  crowded w ith  e r y t h r o c y t e s ,b u t  th ey  a l l  s t a i n e d  n o rm a lly ,  

and showed no o b v iou s  s ig n s  o f  commencing d i s i n t e g r a t i o n ,  Ho phago­

c y t o s i s  o f  red c e l l s  was ap pareht ,but  l a r g e  s p l e n i c  p hagocyt ic  c e l l s  

were seen  f i l l e d  w i th  brownish pigment which gave the i ro n  r e a c t i o n ,  

Hasses o f  pigment were a l s o  o r e se n t  e x t r a - c e r l u l a r l y .

The l i v e r , k i d n e y s , a n d  h ea r t  showed no changes o f  i n t e r e s t .
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EXPERIKBHT 11 .

R a b b i t ,  w e ig h t  1470 grms.

Day. Red C o r p u sc le s ,  L e u c c c y t e s .  Haemoglobin  

o '  7 ,7 8 0 ,0 0 0  5 ,600  74

k  5 , 2 9 0 ,0 0 0  6 ,5 0 0  73

^ 1 . 0  grm, o f  t o lu y le n d ia m in  i n j e c t e d  i n t r a v e n o u s l y  i n  20 c , c .  HaCl,  

^1 . 0  : : ; 20 :

F o l l o w i n g  th e  f i r s t  i n je c t io n ,m a r k e d  i l l n e s s  ensued,  Hext morn­

in g  t h e  u r i n e  c o n ta in e d  abundant b i l i v e r d i n ,and t h i s  was a l s o  p r e s e n t  

soon a f t e r  t h e  second i n j e c t i o n .  The animal was found dead on th e  

f o l l o w i n g  m o rn in g ,b e f o r e  a b lood count cou ld  be made.

The l i v e r  and s p le e n  gave a  d e f i n i t e  haem osider in  r e a c t i o n ,most  

marked i n  t h e  l a t t e r .  The k idneys  gave no r e a c t i o n ,

[ M i c r o s c o p i c a l l y , t h e  changes in  the  organs were q u i t e  s i m i l a r  to  

t h o s e  found in  th e  prev ious  ex p er im e n t , the  most s t r i k i n g  f a c t  b e in g  

th e  g r e a t  a g g r e g a t i o n  o f  n o r m a l l y - s t a i n i n g  e r y t h r o c y te s  i n  th e  p e r i ­

p h e r a l  s i n u s e s  o f  th e  s p le e n ,

1XPERIÎIEHT 111,

R a b b i t ,  w e ight  2030 grms.

Day, Red C o rp u sc le s , l e u c o c y t e s . Haemoglobin

0 5 , 1 7 0 ,0 0 0 5 ,3 0 0 48

1 4 ,1 7 0  ,000 5 ,0 0 0 46

2 • • • • • • • • •

3 5 , 0 3 0 ,0 0 0 5 ,0 0 0 48

4 # * # * # $
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Experiment 111 .  (cont inued)

8 5 , 3 4 0 ,0 0 0

9 5 ,6 5 0 ,0 0 0  

14

3 ,5 0 0

5 ,6 0 0

52

50

0 . 7 5  g m ,  o f  t o lu y le n d ia m in  i n j e c t e d  i n t r a v e n o u s l y .  

1.0 

1.0 

1.0 

0 , 5

In t h i s  animal  th e  haemoglobin p ercen tage  was very  low from th e  

o u t s e t .  The experiment was c a r r i e d  on f o r  a f o r t n i g h t , th e  animal  

r e c e i v i n g  i n  a l l  4 ,2 5  grms, o f  th e  drug.  The b lood  was c a r e f u l l y  

observed  i n  t h i s  c a s e , f i l m s  b e in g  s ta in e d  d a i l y .  On th e  day a f t e r ,  

th e  f i r s t  i n j e c t i o n , a  few b a s o p h i l  red c e l l s  o f  normal s i z e  were seen  

but no "shadows", By th e  t h i r d  day o f  the  experiment the  b a s o p h i l  

c e l l s  had i n c r e a s e d  i n  number,and some o f  them were s l i g h t l y  but  

d i s t i n c t l y  l a r g e r  than the u su a l  e r y t h r o c y t e s .  Two days l a t e r  the  

red c e l l s  began to e x h i b i t  d i s t i n c t  p o i k i l o c y t o s i s , a n d  t h i s  p e r s i s t e d  

u n t i l  t h e  animal  was k i l l e d ,  n u c le a te d  red c o r p u s c le s  were n e v er  

p r e s e n t , n o r  were "shadows" seen at  any time during the  experim ent.

The u r i n e  c o n t a i n e d  b i l e  p r a c t i c a l l y  throughout the e x p e r im e n t , in  

g r e a t e r  amount on the  days f o l l o w i n g  i n j e c t i o n s  o f  the  drug. The 

animal was k i l l e d  on the  f o u r te e n th  day, |

The s p l e e n  was found d i s t i n c t l y  en la rg ed ,a lm o st  b la c k  in  c o lo u r ,  

and gave a marked haem osider in  r e a c t i o n .  Both l i v e r  and k idneys  

gave a l e s s  i n t e n s e  but unequivoca l  i ron  r e a c t i o n .  The bone ,
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marrow was red , f ix m ,a n d  not  a t  a l l  f a t t y .

The s p l e e n  in  s e c t i o n  p re se n ted  an i n t e r e s t i n g  p i c t u r e .  ^bry  

marked p h a g o c y t o s i s  o f  e r y t h r o c y t e s  by c e l l s  o f  th e  s p l e n i c  pulp  

was found ,an d  a. r e l a t i v e l y  enormous amount o f  g o l d e n - y e l l o w  pi.-ment  

Twrs to  b e  s e e n .  This  p igment ,which  gave a b e a u t i f u l  i r o n  r e a c t i o n  

vnas h e r e  and t h e r e  a g g reg a ted  i n t o  l a r g e  m a s s e s ,b u t  was a l s o  found  

i n  f i n e l y  g r a n u la r  form w i t h in  c e l l s .

The bone marrow showed a d i s t i n c t , b u t  not  very  marked, e r y t h r o ­

b l a s t i c  r e a c t i o n , a n d  th e  f a t  spaces  were somewhat encroached upon.  

Pigment was found in  many l a r g e  p a le  c e l l s  o f  e n d o t h e l i a l  t y p e , i n  

about t h e  same amount noted  i n  Experiment 1 ,

RESULTS OF EXPERIliEHTS,

In c o n s i d e r i n g  th e  r e s u l t s  o f  the  i n j e c t i o n  o f  to lu y le n d ia m in  i n t o  

r a b b i t s , t h e  f i r s t  p o in t  th a t  w i l l  s t r i k e  th e  reader i s  t h a t  th e  

anaemia which r e s u l t s  i s  a t r i f l i n g  one,and the  m o rp h o lo g ica l  chang-s  

in  t h e  b lo o d  s l i g h t  as  compared w ith  what haeebeen d e s c r ib e d  i n  the  

o t h e r  s e r i e s  o f  exp er im en ts .

P r e v io u s  a u t h o r s , e s p e c i a l l y  Hunter,have l a i d  g r e a t  s t r e s s  upon 

the o c c u r r e n c e  o f  "shadows" in  the  p er ip h era l ,  b lood o f  th e  animal  

i n j e c t e d , b u t  I was n ev er  a b le  to  conv ince  m y s e l f  o f  th e  presen ce  o f  

t h e s e  even a t  a s h o r t  i n t e r v a l  a f t e r  an i n j e c t i o n .  Thus I found no 

ev id en ce  in  any o f  th e  experiments  o f  a d i r e c t  l y t i c  e f f e c t  o f  the  

drug i n  th e  p e r i p h e r a l  c i r c u l a t i o n .  This i s  r e a l l y  what might be  

Gxpeotedpwhen i t  i s  co n s id ere d  how a b s o l u t e l y  i n a c t i v e  bhe drug i s ,  

when added to  red c o r p u s c le s  in  t e s t - t u b e  experiments .

The most  m r k e d  changes in  my experiments  ’"/ere found in  uhe spue^n,
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In -Une inore a o u te  o a s e s  th e  p e r i v h e r a l  s i n u s e s  o f  t h i s  organ were  

found s im p ly  packed w i th  e r y t h r o c y te s /w h ic h ;h o w e # e r ;S t a in e d  w e l l  and 

showed no o b v io u s  s ig n s  o f  d e g e n e r a t io n .  In th e  more ch r o n ic  c a s e  

( Experiment  111 .  ) marked p h a g o c y t o s i s  o f  e r y t h r o c y t e s  was met w i th  

i n  t h e  s p l e e n , a n d  in  p a s s in g  i t  may be mentioned t h a t  t h i s  was a 

f e a t u r e  a l s o  in  t h e  experim ents  on dogs to  b r in g  about a h a e m o ly t i c  

j a u n d i c e .  I t  seem.ed as  i f , i n  th e  more a c u t e  c a s e s , t h e  red co rp u s ­

c l e s  had been  damaged in  some way,and were then caught out o f  th e  

c i r c u l a t i o n  and taken to th e  s p l e e n .  There th e y  must undergo de­

g e n e r a t i o n  ,but  i t  i s  n o t  q u i t e  c l e a r  how the  d e s t r u c t i v e  p r o c e s s  

p r o g r e s s e s .  I t  must remain an open q u e s t io n  whether th e  red c e l l s ,  

as J o a n n o v ic s  and P ic k  have sup p osed ,have a sm al l  amount o f  the  

h a em o ly s in , fo r m e d  i n  th e  l i v e r , a t t a c h e d  to each o f  them. A p o s s ­

i b l e  s o l u t i o n  o f  t h i s  q u e s t io n  might be a r r iv e d  a t  by removing some 

o f  t h e  s p l e n i c  pulp i n t o  p h y s i o l o g i c a l  s a l t  s o l u t i o n ,a n d  watching  

to s e e  w h eth er  th e  washed red c o r p u s c le s  underwent ' s low h a em o ly s i s  

in  t h e  i s o t o n i c  s o l u t i o n .

In th e  c h r o n ic  c a s e  m o rp h o lo g ica l  changes were indeed met w i th  

in  t h e  c i r c u l a t i n g  b l o o d ,which depended e v i d e n t l y  on a l o s s  o f  red 

c o r p u s c l e s .  Ho n u c le a te d  reds ever  appeared.,and on examinat ion  o f  

the  marrow no e v id e n c e  o f  damage th er e  could  be d e t e c t e d .  B a s o p h i l  

red c e l l s  '';ere seen  in  th e  f i l m s  on the  l a t e r  d a y s ,and t h e s e  must be  

regarded j u s t  a s  somewhat immature c e l l s  coming cut in to  the  c i r c u ­

l a t i o n  to  make up f o r  th o se  d es troyed  in  the  sp)leen. More d e f i n i t e  

p o i k i l o c y t c  s i s  was met w i th  in  the  chronic  experim^enti ,than in  any 

cf  th e  o t h e r  ex p e r im en ta l  anaemias. In the  same exp er im en t ,u oo ,  

the bone ^marrow showed a s l i g h t  h y p e r p la s ia .
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The o c c u r r e n c e  o f  b i l e ,  i n  the  u r in e ,w h ic h  was a f e a t u r e  o f  a l l  th e  

e x p e r i m e n t s , i e  an important  p o in t  to  draw a t t e n t i o n  t o .  In c a t s , a s  

p o i n t e d  out by  Stadelmann and H u n ter , th e  drug in d u ce s  c o p io u s  haemc-  

g l o b i n u r d a  and d e a t h ;  i n  dogs  a s e v e r e  ja u n d ic e  w i t h  b i l i u r i a  i s  a lo o  

b ro u g h t  a b o u t ;  but  no a u thor  seems h o th e r to  to  have drawn a t t e n t i o n  

to  b i l i u r i a  i n  r a b b i t s  f o l l o w i n g  i n j e c t i o n  o f  t o lu y l e n d i a m i n .  I t  1 9 

i n t e r e s t i n g  t h a t  a f t e r  c a r e f u l  h i s t o l o g i c a l  exam inat ion  no marked 

changes  were found i n  th e  l i v e r  s u g g e s t i v e  o f  j a u n d ic e .  The i n ­

creased f o r m a t io n  o f  b i l e  must f o l l o w  a breaking  down o f  th e  e r y t h r o ­

c y t e s  in  th e  s p l e e n , b u t  no th ick en ed  or i n s p i s s a t e d  b i l e  was e v er  

seen  in  t h e  l i v e r  c a p i l l a r i e s .  In the  bone marrow an i n t e r e s t i n g  

change wa,s o b s e r v e d ,n a m e ly , t h e  p resen ce  o f  a c o n s id e r a b l e  amount o f  

y e l l o w i s h  rigment w i t h in  e n d o t h e l i a l  . c e l l s .  Ho a c t u a l  p h a g o c y t o s i s  

o f  e r y t h r o c y t e s  was ,ho w ev er , seen in  t h i s  s i t u a t i o n  in  th e  s e c t i o n s ,

COHCLUSIOHS.

1, T o l u y l e n d i a m in , i n  th e  l i v i n g  body o f  the  r a b b i t , g i v e s  r i s e  to

c o m p a r a t iv e ly  s 1 i g h t  anaemla.

2, The anaemia produced i s  not  brought about by a d i r e c t  l y t i c  

a c t i o n  in  t h e  g e n e r a l  c i r c u l a t i o n , s in c e  no "shadows" are ev er  seen  

in  b lo o d  f i l m s  examined.

3, The b l o o d  d e s t r u c t i o n  which occurs ta k e s  p la c e  c h i e f l y  in  the  

s p l e e n , t h e  r.eri ohera l  s in u s e s  o f  which become crowcied ' / i th  eip/uhro— 

o y t e s ,m o s t  o f  which must be d es tro y ed  t h e r e .

4, I t  must remain an open q u e s t io n  how th e  o . i r i n t a g i a t i o n  o f  oh- se  

c e l l s  in  t h e  s p l e n i c  s in u s e s  i s  brought about ,  Som.e h aem oly t ic  

body produced i n d i r e c t l y  in  th e  l i v e r  by the  d r u g ,as  Joannevico
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and P ic k  have suggested,may perhaps b r in g  about e x t r a - c e l l u l a r  l y s i  

i n  t h e  s p l e e n .  On th e  o t h e r  h a n d , in  ch ro n ic  c a s e s  i n t r a - c e l l u l a r  

d e s t r u c t i o n  o f  e r y t h r o c y t e s  by p h a g o c y t o s i s  found,

5 ,  The o n ly  m o r p h o lo g ic a l  changes seen  in  t h e  p e r i p h e r a l  b lo o d  ar, 

t h e  appearance  o f  a number o f  b a s o p h i l  red c e l l s  o f  normal s i z e , a n d  

t h e  o c c u r r e n c e  o f  r o i k i l c c y t o s i s .  This  l a t t e r  change i s  a c u t i o u s  

and i n t e r e s t i n g  r e s u l t  o f  th e  experiments’,

6 , B i l i u r i a  was a f e a t u r e  o f  a l l  th e  exper im ents  ,a p o i n t  which  

seems to have  escaped th e  n o t i c e  o f  o th er  ex p er im en ters  on r a b b i t s .  

The b i l e  was always p r e s e n t  as  b i l i v e r d i n .

Schmi edeberg  

Stadelmann

J o a n n o v ic s  und P ic k

Faust  und T a l l q u i s t

Hunter
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THE AEAE(£IA PRODUCED BY THE IHJECTIOH OE COBRA-LECITHID.



Renewed i n t e r e s t  on th e  q u e s t i o n  o f  the  r e l a t i o n s h i p s  o f  l i p o i d . a  

s u b s t a n c e s  to  th e  p r o d u ct io n  o f  h a e m o ly s i s  was aroused by th e  work o f  

F a u s t  and T a l l q u i s t  on B o r th r io o ep h a lu s  anaem ia ,which has been  r e f e r -  

red to a l r e a d y  when th e  probable  mode o f  a c t i o n  o f  To lu y len d iam in  in  

th e  an im al  body was b e in g  c o n s id e r e d .  Our k n o w led g e ,h o w ev er , t h a t  

c e t t a i n  o f  t h e  l i p o i d s  are  a b le  to  i n f l u e n c e  the  phenomena o f  haemo­

l y s i s , i s  o f  much l o n g e r  d a t e .  I t  goes  back to the  t ime when Ransom

(1901) d i s c o v e r e d  t h a t  the  a c t i o n  o f  saponin  cou ld  be i n h i b i t e d  by  

th e  p r e s e n c e  o f  the  l i p o i d  c h o l e s t e r i n , a n d  more e s p e c i a l l y  to  t h e  

t im e when Eyes  (1902-3)  began h i s  work on th e  venomi o f  th e  cobra.

Eyes found t h a t  cobra venom by i t s e l f  was p h y s i o l o g i c a l l y : i n a c t i v e ,  

u n l e s s  combined w i th  th e  l i p o i d a l  substance  l e c i t h i n , w h e n  the  com­

pound was found to  p o s s e s s  i n t e n s e l y  h aem olyt ic  p r o p e r t i e s .  To the  

su b s ta n c e  r e s u l t i n g  from the combination o f  t h e s e  two b o d i e s ,E y e s  

a p p l i e d  th e  name " C ob ra-L ec i th id ", Subsequent ly  the  same author  was

a b le  to  u n i t e  i n  a s i m i l a r  way th e  poison  o f  the  sco rp io n  w ith  l e c ­

i t h i n , a n d  l a t e r  s t i l l  Hcrgenrcth  and Carpi c a r r i e d  out the  same work
V

with th e  p o iso n  o f  th e  b e e ,

C o b r a -L e c i th id  has been the s u b je c t  o f  much resea rch  in  t e s t - t u b e  

work on h a e m o l y s i s , b u t  th e  attempt has only  been made once b e f o r e  tc  

bring about an anaemda in  animals  by means o f  i t ,  Morgenroth and 

R eic h e r ,b y  i n j e c t i n g  the  substance  in to  r a b b i t s ,w e r e  a b le  to  show 

that  a d e g r e e  o f  anaem,ia r e s u l t e d , b u t  they  never attempted to f o l i o -  

^by m o r p h o lo g ic a l  changes in  the  blood or a a te r a u io n 5 in  the  organ?



post-mortem* In t h e i r  ex p er im en ts  t h e y  ere  o n ly  concerned  'vith th e  

q u e s t i o n s  o f  w hether  any anaemia d id  r e s u l t , and f u r t h e r  w hether  sub­

s t a n c e s  such as  c h o l e s t e r i n  which are  a n t i - h a e m o l y t i c  i n  th e  t e s t -  

tube i n h i b i t  th e  a c t i o n  ^within th e  body as  w e l l*  Beth o f  t h e s e  

q u e s t i o n s  th ey  were a b l e  to answer in  th e  a f f i r m a t i v e .  In t h e i r  

b e s t  experim ent  th e  b lo o d  count was reduced from 5 , 6 0 0 , 0 0 0  to  

3 , 3 5 0 , 0 0 0 , and th e  haem oglob in  from 70^ tc  41^ ,w i t h i n  a p e r io d  o f  t h r e e  

d a y s , b y  th e  i n j e c t i o n  o f  1 0 .5  c . c ,  o f  an a p p r o x im a te ly  1 per  c e n t  

s o l u t i o n  o f  th e  C o b r a - L e c i t h id .  In t h e i r  o t h e r  tv/o e x p e r i m e n t s , t h e  

f a l l  in  th e  b lo o d  count was about 1 , 5 0 0 , 0 0 0 ,  In r a b b i t s  which a t  th e  

sajoe t im e were f e d  w i t h  c h o l e s t e r i n  d i s s o l v e d  in  o l i v e  o i l , n o  f a l l  in  

th e  b lo o d  count  w h a tev er  f o l l o w e d  th e  I n j e c t i o n  o f  th e  C o b r a -L e c i th id ,  

In  con seq uence  o f  t h i s  l a t t e r  work R e ic h e r  (1908) was tempted to  t r y  

t h e  e f f e c t s  o f  a d m in i c t e r i n g  c h o l e s t e r i n , d i s s o l v e d  in  o l i v e  o i l , t o  

p a t i e n t s  s u f f e r i n g  from p e r n i c i o u s  an aem ia ,but  t h i s  t rea tm en t  must b-  ̂

reckoned a co m p le te  f a i l u r e .

Through th e  c o u r t e s y  o f  P r o f e s s o r  Sachs o f  F r a n k f u r t , a sma,ll amount 

o f  C o b r a -L e c i th id  came i n t o  my p o s s e s s i o n , o n ly  enough u n f o r t u n a t e l y  

f o r  a s i n g l e  exp er im en t .  The o b s e r v a t i o n , s o l i t a r y  us i t  i s , s e e m s  

w orth  r e c o r d i n g , b e c a u s e  i n  i t  the  c o n d i t i o n  o f  t h e  b lood  and organs  

was C a r e f u l l y  gone i n t o .  F u r t h e r , t h e  r e s u l t s  a r e  o f  c o n s i d e r a b l e  

i n t e r e s t  f o r  p u rp oses  o f  comparison w i t h  t h e  exper im ents  made by i n j ­

e c t i n g  t o l u y l e n d i a m i n .

An a cco u n t  o f  th e  experiment  w i l l  now be g iv e n  in  d e t a i l .



R a b b it ,  w eight 1540 grms.

Day. Red C o r p u s c l e s .  L e u c o c y t e s .  Haemoglobin

0 6 , 4 2 0 , 0 0 0  5 , 0 0 0  60

1 5 , 4 2 0 , 0 0 0  6 ,1 0 0  58

2 5 , 8 0 0 , 0 0 0  5 ,6 0 0  56

5 • • •  • • •  # #.

4 5 , 7 9 0 , 0 0 0  9 ,3 0 0  46

3 c . c .  o f  a p p r o x im a te ly  1^ s o l u t i o n  o f  C o b r a -L e c i th id  in tr a v e n o u s l ;

1 0  c . c .  : :

1 0  c . c ,  : : : :

F o l lo w in g  t'-e f i r s t  two in j e c t i o n s ," s h a d o w ? "  were seen  in  th e  c i r ­

c u l a t i n g  b l o o d , b u t  th ey  were not  ver\^ numerous. Ho h a e m o g lo b in u r ia  

occurred-  a f t e r  e i t h e r  o f  t h e s e  i n j e c t i o n s .  F o l lo w in g  th e  t h i r d  and 

most pow erfu l  d o s e ,h a e m o g lo b in u r ia  r e s u l t e d , a n d  v a r io u s  m o r p h o lo g ic a l  

changes  were p r e s e n t  i n  th e  b l o o d , '  "Shadows" were ex tr em e ly  num­

e r o u s ,a n d  n u c l e a t e d  red c e l l s , a l l  o f  n o r m o b la s t ic  t y p e ,w e r e  found  

f a i r l y  a b u n d a n t ly .  B a s o p h i l  e r y t h r o c y t e s  a l s o  made t h e i r  appearance  

on t h i s  d a y ,b u t  t h e y  d id  not  exceed  th e  normal red c e l l s  i n  s i z e .

The animal  was found dead two days a f t e r  t h e  t h i r d  i n j e c t i o n .  

Post-m ortem ,  The l i v e r  was o f  l i g h t * y e l l o w i s h  c o l o u r  and v ery  f a t t y ,  

The s p l e e n  was somewhat en la rg ed  and q u i t e  b l a c k  i n  c o l o u r ,w h i l e  t h e  

k id n e y s  a l s o  appeared darker  than normal. The h e a r t  was much en­

g o rg e d ,a n d  t h e  p e r i c a r d i a l  sac  c o n ta in e d  some b l o o d - s t a i n e d  f l u i d .

The l i v e r  gave  an e x tr e m e ly  marked h aem o s id er in  r e a c t i o n , a s  marked 

in  any one o f  th e  o t h e r  e x p er im en ts .  The k idney  gave a r e a c t i o n  in  

t h e  c o r t e x ,a n d  as  u s u a l  t^e  t e - t  was a l s o  s t r o n g l y  p o s i t i v e  in  th e



f L f - 6

s p l e e n ,

■ M i c r o s c o p i c a l l y , t h e  bone marrow was found to  c o n t a i n  e x tr em e ly  

l a r g e  f a t  s p a c e s , b u t  no changes  o f  a d e g e n e r a t i v e  or  h y p e r p l a s t i c  

n a t u r e  cou ld  be made cu t  in  the c e l l s .  The l i v e r  and k i d n e y s , ex­

c e p t  f o r  t h e  i r o n  d e p o s i t s , showed n o th in g  o f  i n t e r e s t .  In t h e  s p le e n  

th e  most  n o t a b l e  f i n d i n g  o f  the  experim ent  was d i s c o v e r e d .  The 

p e r i p h e r a l  s i n u s e s  were f i l l e d  w i th  e r y t h r o c y t e s ,but  u n l i k e  what was 

found a f t e r  i n j e c t i o n  o f  t o l u y l e n d i a m i n , t h e  r e d ' c e l l s  d id  n o t  s t a i n  

n o r m a l ly .  In  f a c t ,what was p r e s e n t  was r e a l l y  o n ly  th e  s tro m a ta  or  

e n v e lo p e s  o f  th e  c o r p u s c l e s , t h e  haemoglobin  a p p a r e n t ly  h a v in g  been  

a l r e a d y  removed. Ho p h a g o c y t o s i s  was s e e n ,b u t  m asses  o f  rigrrent  

were f a i r l y  nurrerous e x t r u - c e l l u l a r l y .

RESULTS OF THE EXPERIMENT,

These r e q u i r e  o n ly  b r i e f  d i s c u s s i o n  o f  c e r t a i n  p o i n t s .  I t  i s  

e v i d e n t  t h a t  th e  C o b r a -L ec i th id  c a u s e s  b lo o d  d e s t r u c t i o n  c h i e f l y , i f  

n o t  e n t i r e l y , b y  a p r o c e s s  o f  l y s i s  in  the  p e r i p h e r a l  b l o o d .  The 

p r e s e n c e  o f  such numerous "shadows" a f t e r  th e  t h i r d  i n j e c t i o n  i s  a  

s u f f i c i e n t  p r o o f  o f  t h i s .  I t  seem s,from  th e  appearances  i n  t h e  

s p l e e n , a s  i f  th e  haem oglobin  was s im p ly  e x t r a c t e d  from the  c o r p u s c l e s  

in  th e  c i r c u l a t i n g  b l o o d ,w i t h o u t ,  damaging t h e  s tro m a ta .  These l a t t e r  

appear  to  b e  c a r r i e d  t h e r e a f t e r  to  th e  s p le e n ,w h e r e  th ey  a re  found in  

g r e a t  numbers in  the  p e r i p h e r a l  s i n u s e s ;  The o t h e r  m o r p h o lo g ic a l  

changes  i n  th e  b lo o d  resem ble  c l o s e l y  t h o s e  induced by o t h e r  b lo o d  

p o i s o n s .  A f u r t h e r  p o in t  o f  i n t e r e s t  in  t h e  e x p e r im e n t ,o n  which some 

s l i g h t  emphasis  may be  l a i d , i s  th e  i n t e n s i t y  o f  th e  h a e m o s id e r in  r e ­

a c t i o n  found i n  th e  l i v e r .
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POST-HABtOEEHAGIC AEABMIA,



V '

To compare w i t h  th e  anaemia induced  by th e  v a r io u s  b lo o d  d e s t r o y ­

in g  a g e n t s  i n j e c t e d  i n t o  th e  c i r c u l a t i o n , !  have c a r r i e d  out  exp er­

im e nts  whereby anaemia was brought  about by s im p le  b l e e d i n g .  This

i s  t h e  t y p e  known i n  th e  l i t e r a t u r e  as  Post-haem.orrhagic  a n a e m ia , and 

t h e  r a b b i t  i s  an an im al  which by reason  o f  i t ?  l a r g e  ear  v e i n s  l e n d s

i t s e l f  v e ry  r e a d i l y  to  such e x p e r im e n ts .  I t  i s  r e a l l y  q u i t e  e x t r a ­

o r d in a r y  what a l a r g e  q u a n t i t y  o f  b lo o d  can be  removed d a i l y  from th e  

ea r  v e i n , o v e r  a long  p e r io d  o f  t im e .  In one o f  my ex p e r im e n ts  i t  

w i l l  be s e en  t h a t  o v er  400 c , c , , a t  l e a s t  f o u r  t im e s  th e  a n i m a l ' s  

t o t a l  b lo o d  v o l ’urne i n  h e a l t h , w a s  removed w i t h i n  a p e r io d  o f  about  a 

month. T h i s , h o w e v e r , i s  by no means a r e c o r d , s i n c é  Boggs and

M orris  (1912) in  t h e i r  ex p er im en ts  on l ip a e m i a ,w h i c h  w i l l  be  r e f e r r e d  

t c  a g a i n , a c t u a l l y  o b ta in e d  1 ,4 6 8  c . c ,  o f  b lo o d  from the  ea r  v e i n s  o f  

a s i n g l e  r a b b i t  i n  some 70 b l e e d i n g s !

The s tu d y  o f  th e  anaemia produced by s im p le  b l e e d i n g , i n  a d d i t i o n  

to  i t s  i n t e r e s t  f o r  comparison w i t h  th e  o t h e r  t y p e s  o f  anaem.ia a lr e a d y  

d e a l t  w i t h , h a s  y i e l d e d  much i n fo r m a t io n  in  c o n n e c t io n  w i t h  th e  con­

d i t i o n  i n  th e  human s u b j e c t  known as  " A p la s t i c  Anaemia", This  ty p e  

o f  human a n a e m i a , f i r s t  drawn a t t e n t i o n  to  by E h r l i c h  (1680 a n d  1688) , 

was r e c o g n i s e d  by him as  a s e v e r e  and f a t a l  a n a e m ia , in  ■vhich r e g e n ­

e r a t i v e  changes  i n  th e  bone marrow o f  th e  lon g  bones  remained a b s e n t .  

S e n a t o r , a t  a l a t e r  d a te ,d r e w  a t t e n t i o n  to th e  marked overgrowth i n  

th e  bone marrow in  t h e s e  c a s e s  o f  a lymphoid type  o f  t i s s u e .  This  

f i n d i n g  i s  o f  much i n t e r e s t  in  c o n n e c t io n  w ith  what r e s e a r c h  on



e x p e r im e n ta l  post-haemmorhagic  a,naem;ias has  y i e l d e d ,  •

P c s t -h a e m c r r h a g ic  anaemias  have  been c h i e f l y  s t u d i e d  in  d e t a i l  by 

Blum entha l  and K oraw itz  ( 1 9 0 8 ) ,  Mcrawitz  and Rehn ( 1 9 0 8 ) ,  I tam i (1909)  

R i t z  ( 1 9 0 9 ) ,  and L in d sa y  M ilne  ( 1 9 1 2 ) ,

B lum entha l  and Mcrawitz  by e x p er im en ts  on b o th  dogs  and r a b b i t s , 

found t h a t  a f t e r  long  c o n t in u e d  b l e e d i n g s  t h e  marrow o f  th e  animals  

came to  resem ble  c l o s e l y  t h a t  found i n  hum̂ an a p l a s t i c  a n a e m ia , t h e r e  

b e i n g  a p p a r e n t ly  produced a c o n d i t i o n  o f  e x h a u s t io n  o f  th e  marrow.  

There was d i sa p p e a r a n c e  o f  th e  c e l l s  o f  b o th  t h e  e r y t h r o b l a s t i c  and 

g r a n u la r  s e r i e s , a n d  i n s t e a d  o f  t h e s e  t h e r e  was found a c o n s i d e r a b l e  

deve lopm ent  o f  c e l l s  r e sem b l in g  lym phocytes  m o r p h o l o g i c a l l y .  The 

i n t e r e s t  o f  S e n a t o r ' s  o b s e r v a t i o n  i n  human a p l a s t i c  anaemia i s  now 

a p p a r en t ,

Mcrawitz  and R eh n , in  a subsequent  r e s e a r c h , a t tem pted  to  c l e a r  up 

t h e  morphology o f  t h e s e  l y m p h o c y t e - l ik e  c e l l s , a n d  f i n a l l y  came to th e  

c o n c l u s i o n  t h a t  th e y  were most  probably  m y e l o b l a s t s .  In t h e i r  

r e a s o n in g  t h e y  s t a t e  t h a t  th e  e r y t h r o b l a s t i c  t i s s u e s  and th e  g r a n u la r  

c e l l s  have  v e r y  c l o s e  r e l a t i o n s h i p , and t h a t  damage to  th e  f i r s t  group  

w i l l  a d v e r s e l y  a f f e c t  t'^e second group as  w e l l .  They c o n s id e r e d  

t h a t  what occu rred  in  t h e i f  an im als  was t h a t  f o l l o w i n g  e x h a u s t io n  o f  

t h e  e r y t h r o b l a s t i c  p o r t io n  o f  t h e  marrow by th e  c o n s t a n t  d r a in  o f  th e  

b l e e d i n g , t h e  c e l l s  o f  th e  g r a n u la r  s e r i e s  were in  con seq uenc e  a l s o  

a f f e c t e d  and h e ld  back in  deve lop m ent .  These l a t t e r  c e l l - ;  , t h e y  

would s u g g e s t , s t o p  s h o r t  a t  th e  m y e l o b l a s t i c  s t a g e ,a n d  n e v e r  d e v e l o - 

g r a n u l e s .  The Oxydase r e a c t i o n  was not  d i s c o v e r e d  a t  th e  t im e  o f  

t h e i r  work,and th e  Altrnann-Schridde method o f  s t a i n i n g  g r a n u le s  in  

lym phocytes  was a p p a r e n t ly  not  a p p l i e d ,  _ In  th e  anaemia r e s u l t i n g



from i n j e c t i o n  o f  t h e  h a e m o ly t i c  immune eerurnqsome d i f f i c u l t y  was ex­

p e r i e n c e d  i n  rea d in g  t h e  marrow p i c t u r e  brought  about  to  d e f i n e  ex-  

a o t l y  t h e  morphology o f  c e r t a i n  l a r g e  c e l l s  w i t h  rounded n u c l e i  v ery  

l i k e  l a r g e  ly m p h o c y te s .  By th e  u se  o f  t h e  Oxydase r e a c t i o n  and th e  

Altinann-Gchridde m eth o d ,b o th  o f  which were q u i t e  n e g a t i v e , t h e  c e l l s  

were shown to  be  n e i t h e r  lym phocytes  or  m y e l o b l a s t s , a n d  i t  was con­

c lu d e d  f o r  t h i s  and f o r  o t h e r  rea so n s  t h a t  th e y  were e a r l y  e r y t h r o -  

b l a s t s  ,

The ex p er im en ts  o f  I tam i and o f  R i t z  b r in g  out e s p e c i a l l y  two im­

p o r t a n t  c h a r a c t e r i s t i c s  o f  p c s t -h a em o rr h a g ic  anaemia.  Both o b s e r v e r s  

found t h a t  th e  red c o r p u s c l e s  re tu rn ed  to a noxmal number much sooner  

than th e  haem oglob in  p ercen ta g e ,w h en  th e  b l e e d i n g s  were s to p p e d ,a n d  

a l s o  t h a t  i n  anaemia induced by b lo o d  d e s t r o y i n g  a g e n t s  o f  w h a te v e r  

v a r i e t y , b l o o d  r e g e n e r a t i o n  took  p l a c e  f a r  more r a p i d l y  than in  t h e  

anaemia from b l e e d i n g ,  I tam i p o i n t s  cu t  t h e  a lm c s t  c e r t a i n  ca u se  

f o r  t h i s  l a t t e r  phenom ei^nam ely ,that  in  th e  t o x i c  anaemu as  th e  pro-  -  

d u c t s  o f  th e  b lo o d  d e s t r u c t i o n  a r e  s t i l l  a v a i l a b l e  w i t h in  th e  a n i m a l ' s  

body f o r  purposes  o f  r e g e n e r a t i o n .  This  v iew i?  s t r o n g l y  supported  

by e x p er im en ts  in  which I tami , in  a d d i t i o n  to  b l e e d i n g  a n i m a l s , i n j e c t e d  

washed b lo o d  cc r r u s c l e s  i n t o  t h e i r  p e r i t o n e a l  c a v i t i e s , a n d  fcund t h a t  

such a n im a ls  r e g a in e d  a noimal  red c e l l  count  sooner  than an im als  in  

which no such i n j e c t i o n s  were m^ade.

N e i t h e r  B lum enthal  and Moraudtz ,nor  I ta m i  found more than t r a c e s  

o f  m y e lo id  m e t a p l a s i a  i n  any o f  t h e i r  e x p e r im e n ta l  animials , a l th o u g h  

the  l a t t e r  a u th o r  in  some o f  h i s  t o x i c  anaemias found e x t e n s i v e  

m yelo id  change in  th e  org a n s ,
\

L in d sa v  M i l n e ' s exp er im en ts  a r e  o f  e s o e c i a l  i n t e r e s t  from h i s



/ : > o  -

d e s c r i p t i o n  c f  th e  m o r p h o lo g ic a l  changes  i n  th e  h l c o d ,a n d  fr o r  th e  

e x t e n r i v e  m y e lo id  m e t a p l a s i a  he  was a b l e  to  h r i n g  ahout  hy b l e e d i n g  

a l o n e .  In th e  h lo c d  a t  t h e  v e ry  e a r l y  s t a g e  o f  t h e  e x p e r im e n ts ,  

e r y t h r c h l a s t s  were sometimes  p r e s e n t , h u t  n e v e r  l a t e r  on, A n iso -  

c y t o s i s  became m arked,but  p c i k i l o c y t c s i s  was n e v e r  s e e n ,  A p o i n t  on 

which he  l a y s  s t r e s s  was t h e  f r e q u e n t  o c c u r r e n c e  o f  p u n c ta te  b a s e -  

p h i l i a , w h i c h  l e d  him to  q u e s t i o n  th e  o l d e r  v iew s  o f  t h e  d e g e n e r a t i v e  

n a t u r e  o f  t h i s  change.  With regard  to  th e  o c c u r r e n c e  c f  m y e lo id  

m e t a p l a s i a ,he  found t h i s  p r e s e n t  i n  b o th  l i v e r  and s p le e n  o f  c e r t a i n  

r a b b i t s  b l e d  two or  t h r e e  t im es  a week o v e r  p e r io d s  v a r y in g  from two 

to  t h r e e  months .  In two such an im als  he found l a r g e  clumps o f  

m y e lo id  c e l l s  in  th e  l i v e r  c a p i l l a r i e s , t h e s e  f o c i  q u i t e  re se m b l in g  

p i e c e s  o f  bone marrow. In t h e s e  c a s e s  t h e r e  was a l s o  c o n s i d e r a b l e  

b lo o d  r e g e n e r a t i o n  in  th e  s p l e e n ,a l t h o u g h , th e  organ was not  e n la r g e d ,  

M yelo id  t i s s u e  i n  sm a l l  p a tc h e s  was even found in  t h e  oyram;ids c f  th e  

k id n e y s  I He makes no m ention o f  hav in g  examined th e  thymus g land  

f o r  b lo o d  r e g e n e r a t i o n , an e m is s io n  o f  im portance  a s  w i l l  be  se en  from 

my own e x p e r im e n ts .  In  a l l  h i s  an im als  M iln e  found t h a t  l i p a e m i a  

r e s u l t e d  whenever th e  anaemia became pronounced ,a  p o in t  p r e v i o u s l y  

p o in te d  out  and d i s c u s s e d  by Boggs and M o r r i s ,

My own ex p er im en ts  w i l l  now b e  d e s c r i b e d ,
#  '

RICOEBS OB EXPERIMMTS,



EXPEHIkCEUT 1.

R a b b i t , we i g h t  15 30 grïTiS,

Day, Red C orp u sc le 3, L e u c o c y t e s , Haemoglobin

o'- 4 , 8 0 0 , 0 0 0 72

1 3 , 5 7 0 , 0 0 0 7 ,0 0 0 54

3

5 3 ,4 5 0 ,0 0 0 4 ,0 0 0 56

6 3 , 5 3 0 , 0 0 0 5 ,0 0 0 56

7Î' 4 , 1 6 0 , 0 0 0 5 ,3 0 0 61

9 2 , 8 0 0 , 0 0 0 5 ,0 0 0 36

10 2 , 6 1 0 , 0 0 0 5 ,000 40

11 3 , 9 0 0 ,0 0 0 5 ,100 48

12 4 , 0 2 0 , 0 0 0 4 ,3 0 0 51

13 3 , 8 8 0 ,0 0 0 5 ,000 50

14 4 ,0 8 0 ,0 0 0 6 ,2 0 0 50

15 5 , 0 1 0 , 0 0 0 6 ,0 0 0 52

1^ - 4 , 6 2 0 , 0 0 0 3 ,8 0 0 52

17 4 , 6 1 0 , 0 0 0 5 ,3 0 0 50

18*"

20 3 , 6 9 0 , 0 0 0 5 ,3 0 0 49

*'25 o . c .  o f b lo o d  removed from th e  ear  v e i n  by v e n e s e c t i o n .

^ 20 0 , 0 , :

^ 2 5  0 . 0 . ;

*̂ '20 - . 0 . :

In t h i s  experim ent  th e  animal  was k i l l e d  on th e  t w e n t y - f o u r t h  day.



/6TZ ,

The m o r p h o lo g i c a l  changes in  t h e  b lo o d ;a n d  th e  a l t e r a t i o n s  in  th e  

number o f  c o r p u s c l e s  and h < e r o g l c b i n  p e r c e n t a g e  poere c a r e f u l l y  e n t e r ­

ed i n t o  in  t h i s  a n i m a l , t o  s tu d y  th e  p r o c e s s  c f  b lo o d  r e g e n e r a t i o n  

a f t e r  sim^’l e  b l e e d i n g .  As regard s  th e  m o r p h o lo g ic a l  c h a n g e s , a f t e r  

t h e  f i r s t  b l e e d i n g a o n l y  a s i n g l e  a r y t h r o b l a s t  was s e e n  i n  th e  f i l m s ,  

and none were e v er  found s u b s e q u e n t l y ,  ITo o t h e r  a l t e r a t i o n s  f a l l  to  

b e record ed  u n t i l  a f t e r  th e  t h i r d  b l e e d i n g , o n  t h e  s e v e n th  day o f  th e  

e x p e r im e n t .  There was on t h i s  o c c a s i o n  d e s t i n c t  l i p a e m i a , t h e  serurc 

a f t e r  s e p a r a t i o n  from th e  c l o t  b e i n g  q u i t e  m i lk y  and o p a l e s c e n t ,  

P o ly ch ro m a tcp h i l '  c e l l s  made t h e i r  appearance  in  th e  c i r c u l a t i o n  a t  

t h i s  t im e  i n  c o n s i d e r a b l e  numbers ,and in  s i z e  most  o f  them were a 

l i t t l e  l a r g e r  than th e  o r d in a r y  e r y t h r o c y t e s .  C e l l s  l e s s  i n  d ia m e te r  

than th e  u s u a l  e r y t h r o c y t e s  were a l s o  p r e s e n t , s o  t h a t  t h e r e  e x i s t e d  

a v e r y  d e f i n i t e  a n i s o c y t c s i s .  Many c e l l s  were a l s o  seen  shewing  

b e a u t i f u l  p u n c ta t e  b a s o p h i l i a , a n d  I was a b l e  to  o b serv e  q u i t e  r e a d i l y  

a l l  s t a g e s  o f  g r a d a t io n  betw een  th e  b l u e  and q u i t e  p o ly ch ro m a to p h i1 

c e l l s  and th e  c e l l s  w i t h  e o s i n - t i n t e d  protop lasm  i n  which t h e  dark  

b l u e  g r a n u le s  a r e  s e e n .  I t  was q u i t e  e v i d e n t  t h a t  i n  t h i s  anaemia  

t h e s e  two p h en o m e n a ,p o ly ch ro m a to p h i l ia  and p u n c ta te  b a s o p h i l i a , w e r e  

j u s t  d i f f e r e n t  s t a g e s  in  th e  l i f e  h i s t o r y  o f  th e  same typ e  o f  c e l l s .  

This  o b s e r v a t i o n  i s  a n o th e r  p o in t  i n  f a v o u r  o f  p u t t i n g  p u n c ta te  b a s o ­

p h i l i a  among th e  r e g e n e r a t i v e  phenomena,and n ot  among th e  d e g e n e r a t i v e  

About th e  n i n t h  and t e n t h  days o f  th e  experim ent  a d i s t i n c t  t en d en cy  

to  p o i k i l c c y t c s i s  became a p p a r e n t ,a  f a c t  n o t  recorded by p r e v io u s  

w ork ers ,  I am s a t i s f i e d  t h a t  t h i s  a l t e r a t i o n  in  shape d id  n ot  de­

pend upon t e c h n i c a l  f a u l t s  in  th e  making o f  f i l m s , f o r  i t  co u ld  be m^de 

out in  drops o f  th e  b lo o d  mounted f r e s h .  P u n c ta te  b a s o p h i l i a



/ s i ; .

c o n t in u e d ; h c w e v e r ; t o  be t h e  c h i e f  m c r c h c l o g i c a l  phenomenon in  t h e  

b lo o d  r i g h t  up to th e  end c f  th e  exper im ent  ( s e e  B i g ,  ) ,

I t  - i l l  03 seen t h a t  , i n  t h i s  a n i m a l , the- withdraw e l  o f  b lo o d  

n e v e r  suc ceed ed  by a l e u c c c y t o s i s .

As th e  exper im ent  p r o g r e s s e d ,b lo o d  p l a t e l e t s  became p r e s e n t  in  

e x t r a o r d i n a r y  numbers. They were counted  on t h e  t w e n t i e t h  d a y  o f  the  

e x p e r i m e n t ,by Aynaud’ 3 method,and found to  number about 1 , 4 0 0 , 0 0 0  per  

c,mm, ,a s  compared w i t h  a .normal number f o r  t h e  r a b b i t  o f  about

3 0 0 .0 0 0  per c,mm.

B e l lo w in g  th e  t h i r d  b l e e d i n g  on t h e  s e v e n th  d a y , t h e  animal  was 

l e f t  a l o n e  f o r  a per iod  o f  e l e v e n  days to o b se r v e  th e  p r o g r e s s  and 

r a p i d i t y  o f  b lo o d  r e g e n e r a t i o n .  Various  i n t e r e s t i n g  p o i n t s  a r e  

b rou gh t  out by  th e  b lo o d  counts  g iv e n  i n . t h e  T a b le ,  B i r s t  o f  a l l  i t  

. w i l l  be  n o ted  t h a t  th e  number o f  red c o r p u s c l e s  d id  not  r i s e  v er y  

ra o d d ly ,  Brom 2 , 8 0 0 , 0 0 0  on th e  n in t h  d a y , t h e  count reached

5 . 0 1 0 . 0 0 0  on the  f i f t e e n t h  d ay ,a n  av era g e  d a i l y  i n c r e a s e  o f  r r u g h ly  

3 5 0 ,0 0 0 ,  Th is  i s  c o n s i d e r a b l y  l e s s  than th e  average  d a i l y  i n c r e a s e  

found in th e  exper im ents  w ith  th e  h a e m o ly t i c  immune-serum.

I t  w i l l  a l s o  be  seen  t h a t  th e  p e r c e n ta g e  o f  h a e m o g lo b in ,which wa*

36 on th e  n i n t h  d a y , r o s e  v ery  s l o w l y  in d e e d .  On th e  f i f t e e n t h  d.;.y, 

th e  b lo o d  count ( 5 , 0 1 0 , 0 0 0 )  was h i g h e r  than t h a t  a t  th e  commencm-nt 

o f  t h e  experim ent  ( 4 , 8 0 0 , 0 0 0 ) ,whereas th e  p e r c e n t a g e  o f  haem oglob in  

was o n ly  52 as com pared  w i t h  7 2  a t  th e  c u t s e t .  The low c o l o u r  i n d e x ,  

and t h e  f a c t  th^t  th e  haemoglobin does  not  re tu rn  to  normal n e a r l y  so 

q u i c k l y  as th e  red c e l l  c o u n t ,h a v e  been drawn a t t e n t i o n  to by a.11 th e  

p r e v i eus s-c rk ers  0n t h i s  sub j e c t .

The animal  b e in g  k i l l e d  with the  o b j e c t  o f  making a b l o o d - volume



e s t i m a t i c n , t h e  organs  cou ld  not he axo,mined h i s t o l o g i c a l l y ,

IDOrmiMEhT 11.
H a h h i t , w e ig h t  2220 grms.

In t h i s  animal 411 c , c ,  o f  b lo o d  were removed from th e  ear  v e in  

w i t h i n  a o e r io d  o f  28 d a y s ,a n  average  d a i l y  amount o f  1 4 , 7  c , c .

The f o l l o w i n g  t a b l e  g i v e s  a  record  o f  th e  b l e e d i n g s : -

Day. Amount, Day, Amount,

0 , 25 c , c . 16 20 c , c .

2 25 17 15

3 10 18 18

4 15 19 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 c o u n ts were made during t h r  c o u r s e  o f th e  exper im ent  ;

Day. Red C o r p u s c le s . L e u c o c y t e s , Haemoglobin %

0 4 ,7 1 0 ,0 0 0 9 ,0 0 0 65

14 3 , 1 0 0 ,0 0 0 1 0 ,3 0 0 32

17 3 , 2 8 0 ,0 0 0 6 ,0 0 0 40

25 3 , 6 2 0 ,0 0 0 5 ,0 0 0 60

28 2 , 7 7 0 ,0 0 0 4 ,2 0 0 55



S e e in g  th ^ t  th e  morphology of th e  blood aus so f u l l y  e n te r e d  i n t o  in  

c o n n e c t i o n  w i th  t h e  p r e v io u s  e x p e r i m e n t , i t  seems u n n e c e s sa r y  to  go 

i n t o  d e t a i l s  ag.-.in. S u f f i c e  i t  to  sur  t h a t  th e  changes  found were  

q u i t e  s i m i l a r  to  t h o s e  a l r e a d y  m en t io n ed .  P u n c ta te  b a s o p h i l i a  was 

a g a in  i n  t h i s  animal  a v er y  prominent f e a t u r e  c f  th e  f i l m s .

The animal  l o s t  about 300 grms i n  w e ig h t  d u r in g  t h e  28 days  o f  the  

e x p e r im e n t .

Post-rnortemi. The organs  appeared normal m a cro sco p ic  a l l y .  The 

s p l e e n  was v e r y  s m a l l ,w e ig h in g  o n ly  0 , 4 9  grms. I t  gave  a s l i g h t  

h a e m o s id e r in  r e a c t i o n , b u t  n e i t h e r  l i v e r  nor k id n e y s  gave any.  The 

bone marrow o f  th e  femur was e x tr em e ly  red ,

Bor m ic r o s c o p i c  e x a m i n a t i o n , f i l m s  o f  bone marrow were f i x e d  r e t  in  

a s o l u t i o n  o f  c o r r o s i v e  s u b l im a te  in  s a l t  and s t a i n e d  w i th  d i l u t e d  

B h r l i c h ' -  T r i a c i d  -t i n ,a n d  dry f i l m s  were a l s o  s t a i n e d  v i t h  J e n n e r ' s  

s t a i n .  In t h i s  way if:was; shown t h a t  a marked e r y t h r o b l a s t i c  r e ­

a c t i o n  was p r e s e n t , v e r y  many n u c l e a t e d  reds  b e i n g  found.  Compar­

a t i v e l y  few o f  th e  l a r g e  c e l l s  - h i c h  a r e  d i f f i c u l t  to p l a c e  in th e  

c a t e g o r y  o f  b e in g  e r y t h r o b l a s t s  or  m y e l o b l a s t s  or  even l y m p h o i d a l , 

were met with in  the f i l m s .  S e c t i o n s  o f  bone marrow showed th e  f a t  

s p a c e s  w e l l  p r e s e r v e d ,a n d  t h e  preponderance o f  n u c l e a t e d  red c e l l s  

was c l e a r l y  made c u t .

The l i v e r  in  s e c t i o n  showed p r a c t i c a l l y  n o th in g  abnormal.  In  

s e c t i o n  st&ined by T r i a c i d  a few m y e l o c y t e s  were found l y i n g  in  t h e  

c a p i l l a r i e s , b u t  t h e r e  was r e a l l y  no a t tem pt  ?;t m y e lo id  m e t a p l a s i a .

The s p l e e n  showed one c u r io u s  change,  Masses o f  golden-brown  

pigment were c o l l e c t e d  i n t o  heaps s c a t t e r e d  i r r e g u l a r l y  through the  

s e c t i o n .  This  pigment gave a very  marked haem oeider in  r e a c t i o n ,



and i t  seemed as  i f  th e  an im al  had been  unable  to  u se  up ~h i-  ocars" 

e x t r a - c e l l u l a r  h a s m c e id e r in  in  th e  p r o c e s s  o f  m a n ufa c tu r in g  new 

b lo o d  c e l l s .

The thymus was about th e  s i z e  o f  a l a r g e  pea ,and  dark r e d d i s h  in  

c o l o u r .  In. s e c t i o n  much v i c a r i o u s  b lo o d  fo rm a t io n  was found to  be  

g o in g  o n , t h e  lymphoid t i s s u e  n o rm a l ly  p r e s e n t  b e i n g  r e p la c e d  con­

s i d e r a b l y  by m y e lo id  t i s s u e  ( s e e  B ig ,  ) .  Both th e  e r y t h r o b l a s t i c  

and g r a n u l r r  s e r i e s  o f  c e l l s  were found p r o l i f e r a t i n g  i n  t h i s  un­

u s u a l  s i t u a t i o n ,

n e i t h e r  i n  th e  k i d n e y s , n o r  in  th e  Ijmnph g la n d s  o f  th e  m e sen ter y

w ere  any .abnormal changes  made o u t ,

Ê PBRIMmT 111,

B e l g i a n  Hare,  w e ig h t  237C, grms.

In  t h i s  experiment  o f  t h i r t y  days d u r a t i o n , t h e  c o r p u s c l e s  were  

n o t  c o u n t e d ,b u t  a c a r e f u l  ,&ccount o f  th e  haem oglob in  p e r c e n t a g e  was  

k e p t .  In  a l l ,  404 c . c ,  o f  b lo o d  was removed from t h e  an im al  in  16 

b l e e d i n g s .  The record  o f  th e  exper im ent  i s  g i v e n  b e lo w .

Day, Haemoglobin fo* B le d ,

0 74 30 c , c ,

1 64 31

2 52 28

. 3 38

- 4 45 23

5 38

6 42 20

7 45
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ICx'periment 111 ( c o n t i n u e d ) ,

8 50 18

9 52

10 52 25

11 55 27

12  45

13 45 19

14 52 X

15 55

I 16 28

17  45 . .

19 ' 65 25

21 65 21

22 60 23

24  ' 50 28

25 35

26 42 28

27 50

28 50 #

30 fK)

A remarkable p o i n t  i n  t h i s  experim ent  was t h e  way in  which t h e  

h aem oglob in  p e r c e n ta g e  kept  up ,  i n  s p i t e  o f  t h e  rep ea ted  and s e v e r e  

b l e e d i n g s .  To en a b le  t h i s  to  be d on e ,  i t  was e v id e n t  even b e f o r e  t h e  

organs  were examined h i s t o l o g i c a l l y  t h a t  v e ry  a c t i v e  b lo o d  r e g e n e r ­

a t i o n  must have  been going, on somewhere. In th e  b lo o d  f i l m s , p u n c t a t e  

b a s o p h i l i a  was a g a in  a f e a t u r e ,  and p o ly c h r o m a to p h i l  c e l l s  were a l s o  

very  numerous i n  the  l a t e r  s t a g e s ,  Fo p o i k i l o c y t o s i s  o c c u r r e d .



Post -m ortem ,  The bone marrow o f  the  femur appeared v er y  red .  The 

Other organs  seemed n c m a l  m a c r o - c o p i c a l l y ,

Mioroeoc i o a l l y  t h e  bene marrom b o th  in  f i l m s  and in  s e c t i o n  

showed a marked h y p e r p l à ^ i a , t h e  f a t  sp a c e s  b e i n g  c o n s i d e r a b l y  d imin-  

i e h e d  i n  s i z e  ( s e e  B i g ,  ) ,  The c e l l s  o f  the  g r a n u la r  s e r i e s  seemed 

l e s s  in  emount than ncrm al ,and  many c e l l s  w i t h  round n u c l e i  which  

were regarded by me as  c e r t a i n l y  e r y t h r c b l a s t s  ,were p r e s e n t  thrcusrh-  

cu t  t h e  marrow. The m egak aryocytes  seemed to  be  p r e s e n t  in  i n c r e a s ­

ed numbers;which i s  o f  i n t e r e s t  i n  c o n n e c t io n  w i t h  Homer Wright * s 

r e s e a r c h e s  on th e  o r i g i n  o f  th e  b lo o d  p l a t e l e t s .

The l i v e r  was found to  c o n t a in  s c a n t y  m y e l o c y t e s  in  th e  c a p i l l a r i ^  

b u t  no n u c l e a t e d  reds  were s e e n .

In th e  thymus p r o l i f e r a t i o n  o f  c e l l s  o f  both th e  bone marrow ty p e s  

.was f c u n d p j u s t  as  in  t h e  p r e v io u s  ex p er im en t .

The s p l e e n  was J u s t  a r e p l i c a  o f  t h a t  seen  i n  Experiment 1 1 , ,and 

i n  t h e  lymph g la n d s  and k id n ey s  n o th in g  u nusua l  was found,

RESULTS QB EXPERIMENTS.

As my t h e s i s  d e a l s  c h i e f l y  w i t h  h a e m o ly t i c  anaem ias ,and  t h e s e  ex ­

p er im en ts  which have j u s t  been  d e s c r i b e d  above were c a r r i e d  out  

p r i m a r i l y  f o r  purposes  o f  co m p a r i so n , th e y  w i l l  be  d e a l t  w i t h  l e s s  

f u l l y  than p r e v io u s  s e t s  o f  e x p er im en ts .  The main p o i n t s  c f  d i s ­

t i n c t i o n  between h a e m o ly t i c  and p o s t -h a em o rrh a g ic  anaemias w i l l  be  

d i s c u s s e d  im m ed ia te ly .

The o u t s t a n d i n g  p o i n t s  in  th e  anaemia produced by haemorrhage were  

found to  be as  f o l l o w s .  In the  f i l m s  o f  b lo o d  a l l  e v id e n c e s  o f  d e s ­

t r u c t i o n  are  o f  c o u r se  w an t ing ,an d  th e  c h i e f  changes depend on th e
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r e g e n e r a t i v e  p r o c e s s e s  to  ra k e  up f o r  th e  b lo o d  taken  away. Thus 

p o ly o h ro m a tcn h i l  c e l l s  become numerous;but n o t  u n t i l  s e^ ^ ra l  days at  

l e a s t  a f t e r  t h e  f i r s t  b l e e d i n g .  They a re  to  be  regarded s i n g l y  as  

somewhat immature c e l l s , a n d  a r e  o n ly  s l i g h t l y  l a r g e r  than th e  normal  

e r y t h r o c y t e s .  The most  prominent f e a t u r e  in  th e  f i l m s  i s  undcubtedlj  

t h e  o c c u r r e n c e  o f  p u n c t a t e  b a s o p h i l i a ,which in  t h e s e  e x p er im en ts  i s  

a l s o  an. e v id e n c e  in  th e  c e l l s  o f  y o u th ,a n d  not  o f  commencing d egen ­

e r a t i o n ,  A f t e r  some t im e s l i g h t  p o i k i l o c y t o s i s  may d e v e l o p .  The 

Colour In d ex  a lways  becomes low ered  and may f a l l  be low  one h a l f .

B lood  r e g e n e r a t i o n  i s  s lo w ,a n d  whereas th e  number o f  c o r p u s c l e s  may 

r e tu r n  to  t h e  normal f i g u r e  in  a week or  t e n  d a y s , t h e  haem oglobin  

p e r c e n t a g e  a lw ays  l a g s  f a r  b e h in d .  In  th e  bone marrow t h e r e  was an 

e r y t h r o b l a s t i c  r e a c t i o n  o f  c o n s i d e r a b l e  i n t e n s i t y  i n  b o th  my exp er­

i m e n t s ,  The marrow p i c t u r e  co u ld  n e t  be s a id  to resem ble  c l o s e l y

t h a t  o f  a p l a s t i c  a n a e m ia ,a s  o t h e r  o b s e r v e r s  have d e s c r i b e d ,  ITo 

overgrow th  o f  lym phoida l  c e l l s  was a p p a r e n t , t h e  i n c r e a s e  in  th e  c e l l s  

b e i n g  a lm o st  e n t i r e l y  due to  th e  m u l t i p l i c a t i o n  o f  e r y t h r o b l a s t s .

In th e  s p l e e n  no m y e lo id  m e t a p l a s i a  was met w i t h , n o r  any e v id e n c e  

w h atever  o f  b lo o d  r e g e n e r a t i o n .  P h a g o c y t o s i s  was a b s e n t , b u t  l a r g e  

e x t r a - c e l l u l a r  m asses  o f  pigment g i v i n g  th e  i r o n  r e a c t i o n  were presen i  

in  b o t h  a n im a l s .  I t  seems c u r io u s  t h a t  t h i s  i r o n  pigment was n o t  

used up in  th e  p r o c e s s  o f  b lo o d  r e g e n e r a t i o n ,and i t  seems p rob ab le  

t h a t  such c o a r s e  m asses  o f  i r o n  pigment cannot  be used by th e  animal  

economy f o r  such a p urpose .  In th e  l i v e r  I met w i th  no such m y e lo id  

m e t a p l a s i a  such as  L indsay  M ilne  haS d e s c r i b e d .  The b l e e d i n g s  were , 

however ,:n c re f r e q u e n t  i n  my e x p er im en ts ,a n d  th e  d u r a t io n  o f  them was 

o n lv  h a l f  o f  t h o s e  in  which M ilne  found h i s  c u r io u s  r e s u l t s .
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In the thyrrras gland in both the animals examined,extensive myelcid 

changes  were found .  Both e r y t h r o b l a s t s  and m y e l o c y t e s  were - r e s e n t  

i n  g r e a t  numbers and a c t i v e l y  p r o l i f e r a t i n g ,sc t h a t  the n:rm-l thymus 

t i s s u e  Was c o n s i d e r a b l y  c u r t a i l e d .  These changes  i n  t h e  thynr/ius in  

p o s t -h a e m o r rh a g ic  anaemia seem to  have  been m is s e d  by a l l  previous 
o b s e r v e r s ,

COITCLUSIOITS,
1 ,  In  p o s t -h a em o r r h a g ic  anaemia th e  c h a r a c t e r i s t i c  changes  in  th e  

p e r i p h e r a l  b lo o d  a re  t h e  o c c u r r en ce  o f  po lychromato phi l ia .  in  many 

e r y t h r o c y t e s , and th e  p r e s e n c e  o f  marked p u n c ta t e  b a s o p h i l i a  i n  many 

o t h e r s .  These  two changes  a r e  to  be regarded in  t h i s  form- o f  anaemia 

s im p ly  as  d i f f e r e n t  s t a g e s  o f  th e  same p r o c e s s  o f  r ip e n in g  c f  th e  red 

c e l l s .

2,  As a l l  p r e v io u s  a u th o r s  have  p o in te d  o u t , t h e  Colour Index  i s  

l o w , b l o o d  r e g e n e r a t i o n  i s  somewhat ta r d y  when compared w i t h  o t h e r  

e x p e r im e n ta l  anaem ias ,and  t h e  haem oglobin  a lw ays  l a g s  beh ind  t h e  

red c e l l s  i n  r e t u r n in g  to  normal amount,

3, The bone marrow shews an e r y t h r o b l a s t i c  r e a c t i o n ,a n d  when b lo o d  

r e g e n e r a t i o n  has  gone on f o r  some t im e t h i s  r e a c t i o n  may be c o n s i d e r ­

a b l e ,  No overgrowth o f  lym phoida l  t i s s u e  occurred  in  my ex p er im en ts  

a t  l e a s t , a n d  th e  marrow p i c t u r e  d id  n ot  c o i n c i d e  even c l o s e l y  %lth 

t h e  p u b l i s h e d  d e s c r i p t i o n s  o f  th e  c o n d i t i o n  i n  th e  human s u b j e c t  

known as  a p l a s t i c  ana.emia,

4, No m y e lo id  m e t a p l a s i a  occu rs  i n  t h e  l i v e r  or  s p l e e n , a t  l e a s t  

w i t h i n  a p e r io d  o f  a month from th e  commencement o f  th e  e x p er im en t .  

Marked m y e lo id  c h a n g e ,h o w e v e r , i s  found i n  th e  thymus,where c e l l s  o f
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DESCRIPTION OP PIGURES,

P i g ,  1 ,  P i lm  o f  b lo o d  from Experiment 1 ,  ,n e a r  t h e  end o f  t h e  

e x p e r im e n t , showing p u n c ta t e  b a s o p h i l i a ,  { x  1 0 0 0  )

P i g ,  2,  S e c t i o n  o f  bone marrow from Experiment 11 ,  , showing a

h y p e r p l a s t i c  r e a c t i o n .  This  c o n t r a s t s  w i t h  th e  p i c t u r e  

in.human a p l a s t i c  anaemia,  ( x  80 )

P i g ,  3.  S e c t i o n  o f  Thi ĉnus g lan d  from Experiment 1 1 , , showing ex­

t e n s i v e  m y e lo id  m e t a p l a s i a .  The d a r k ly  s t a i n e d  t i s s u e  

r e p r e s e n t s  t h e  lymphoid t i s s u e  o f  t h e  Thymus., The l i g h t e r  

s t a i n e d  t i s s u e  i s  m y e lo id  i n  n a t u r e .  ( x  8C )
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B r i e f  r e f e r e n c e  has  a l r e a d y  been  made to  t h e  f a c t  t h a t , f o l l o w i n g  

i n j e c t i o n  o f  th e  h a e m o ly t i c  serum , changes  were  found i n  some c a s e s  i n  

t h e  h e a r t  m u sc le  and i n  t h e  l i v e r .  These w i l l  nfcw be  e n te r e d  i n t o  

more f u l l y , e s p e c i a l l y  t h e  m y o c a r d ia l  l e s i o n s , s i n c e  t h e  e x p e r im e n ta l  

p r o d u c t io n  o f  m y o c a r d i t i s  i s  o f  c o n s i d e r a b l e  i n t e r e s t  in  r e l a t i o n  to  

human c a r d i a c  P a t h o lo g y ,

The work o f  Dudgeon, Panton ,  and R o s s ,  and o f  P e a r c e , w i t h  haemo­

l y t i c  s e r a  has  made i t  c l e a r  t h a t  th e  a c t i o n  o f  a l l  o f  t h e s e  i s  not  

th e  s a m e , s i n c e  t h e s e  a u th o r s  found marked d e g e n e r a t i v e  changes  i n  

v a r i o u s  organs  f o l l o w i n g  thert^ i n j e c t i o n .

With regard to  m y o c a r d ia l  changes  t h e s e  have been  brought  about  

e x p e r i m e n t a l l y  in  r a b b i t s  i n  a c o n s i d e r a b l e  v a r i e t y  o f  ways ,

R ib b e r t  (1886) seems to  have been  th e  f i r s t  to  in d u ce  d e g e n e r a t i v e  

changes  i n  t h e  c a r d ia c  m u sc le  o f  r a b b i t s .  He i n j e c t e d  c u l t u r e s  o f  

s t a p h y l o c o c c i  i n t r o v e n o u s l y , and produced b o th  e n d o c a r d ia l  and myo­

c a r d i a l  l e s i o n s .  The l a t t e r  c o n s i s t e d  o f  a c e n t r a l  n e c r o t i c  are%, 

surrounded by a zone o f  polymorph i n f i l t r a t i o n ,

B i t t e n  (1887) , Naunyn (1884) , and Welch (1888) , by keep ing  r a b b i t s  

a t  a tem p eratu re  o f  40*0,  f o r  s e v e r a l  days  brought  about marked f a t t y  

d e g e n e r a t i o n  and o t h e r  changes i n  th e  f i b r e s  o f  th e  h e a r t  m u sc le .

Numerous o b s e r v e r s  have  s t u d i e d  th e  l e s i o n s  caused in  th e  h e a r t  by  

th e  d i p h t h e r i a  b a c i l l u s  and i t s  t o x i n s .  Babes (1896) showed i n  h i s  

ex p e r im e n ts  t h a t  th e  l e s i o n s  were i d e n t i c a l ,w hether  th e  organism i t ­

s e l f , o r  o n ly  i t s  t o x i n s  were i n j e c t e d .  The d e g e n e r a t i v e  changes
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t h e m s e l v e s  have been  c a r e f u l l y  ncrked out by Charrin (1890) , Welch

and P l e x n e r  (1891) jE lexn er  (1897) , and Mo H a r d  and Regaud (1892 and 

1 8 9 7 ) ,  The changes  found v e r s  f a t t y  d e g e n e r a t io n  c f  f  lb  res  -...trophy 

o f  o t h e r s , a n d  i n t e r s t i t i a l  oedem a,with  i n f i l t r a t i o n  o f  l e u c o c y t e s .  

The l a s t  m entioned  a u th o r s  found t h a t  s e v e r a l  months a f t e r  th e  

appearance  o f  t h e s e  e a r l y  c h a n g e s , f i b r o u s  t i s s u e  had rep laced ,  th e  

d e g e n e r a t e d  m usc le  f i b r e s ,

Baumgarten (1899) i n  e x p er im en ts  on dogs  whereby bran ch es  o f  t h e  

co ro n a ry  a r t e r i e s  were l i g a t u r e d  to produce a s o r t  o f  c a r d ia c  i n ­

f a r c t , f o u n d  a r e a s  o f  d e g e n e r a t i o n  in  t h e  c a r d ia c  m u sc le ,w h ic h  were  

l a t e r  r e p l a c e d  by c o n n e c t i v e  t i s s u e ,

A w hole  s e r i e s  o f  i n t e r e s t i n g  r e s e a r c h e s  have been  c a r r i e d  out  i n  

r e c e n t  y e a r s  w i t h  A d r e n a l i n ,which was found to be  an a gen t  c a p a b le  

o f  b r i n g i n g  about s e v e r e  a r t e r i a l  changes  i n  r a b b i t s .  L e s i o n s  a l s o  

o c c u r  i n  th e  h e a r t , a s  the  o b s e r v a t i o n s  c f  t h e  f o l l o w i n g  a u th o r s  show, 

K, Z i e g l e r  (1905) , seems to  have  been  th e  f i r s t  to  o b se rv e  t h e s e  

m y o c a r d ia l  changes  a f t e r  i n j e c t i o n  w i th  a d r e n a l i n .  He found d i s ­

t i n c t  f i b r o u s  change i n  a n im a ls  a f t e r  about  t e n  d a y s ,a n d  was of; 

o p i n i o n  t h a t  th e  new c o n n e c t i v e  t i s s u e  was d e r iv e d  from t h a t  n or­

m a l l y  found surrounding  th e  b lo o d  v e s s e l s  and below t h e  endocardium,  

B, P i s c h e r  (1905) d e s c r i b e d  s i m i l a r  changes about th e  same t im e ,  

n o t i n g  th e  occ u r re n ce  o f  f i b r o u s  and n e c r o t i c  changes  i n  t h e  h e a r t  

w a l l , a n d  in  rare  i n s t a n c e s  c a l c i f i c a t i o n ,

P e a rc e  (1906) r e p ea te d  th e  work o f  th e  l a s t  two a u t h o r s ,a n d  g i v e s  

a v e r y  d e t a i l e d  d e s c r i p t i o n  o f  what he found i n  t h e  h e a r t  a f t e r  

r e p e a te d  d o s e s  o f  a d r e n a l i n .  The f i r s t  change noted  was the  

p r e s e n c e  o f  g r e a t  oedema o f  th e  myocardium,so  t h a t  th e  i n d i v i d u a l



ILJ.

f i b r e s  became w i d e l y  s e p a r a te d  from one a n o t h e r .  In l o n g e r  exp er -  

im ente  he f r u n d , i n  a d d i t i o n  to t h e  o ed em a ;h y a l in e  changes  in  t h e  

m u sc le  f i b r e s  and sometimes  a c t u a l  n e c r o s e s .  Hound th e  n e c r o t i c  

f i b r e s  ly m p h o cy t ic  i n f i l t r a t i o n #  o c c u r r e d .  In s t i l l  l o n g e r  ex p e r ­

im e nts  d e f i n i t e  p r o l i f e r a t i v e  changes  were p r e s e n t ,n e w  c o n n e c t i v e  

t i s s u e #  b e in g  l a i d  down. This  c o n s i s t e d  i n  some c a s e s  s im p ly  o f  a 

f o c a l  a c cu m u la t io n  o f  f i n e  f i b r i l s  round about s i n g l e  d e g e n e r a te d  

f i b r e s  or  sm a l l  grour.s o f  t h e s e .  In o t h e r  c a s e s  a d i f f u s e  f i b r o t i c  

change was found in v a d in g  c o n s i d e r a b l e  a r e a s  o f  m u sc le .  He p o in ted  

out t h a t  t h e  new c o n n e c t i v e  t i s s u e  was always  found i n  v e r y  c l o s e  

r e l a t i o n s h i p  to t h e  m yocard ia l  b lo o d  v e s s e l s , a n d  a l s o  t h a t  no c o l l e c t ­

ions o f  lym phocytes  a r e  seen  i n  th e  more d i f f u s e  f i b r o u s  l e s i o n s ,  

P e a r c e  examined t h e  •cardiac m u sc le  in  a l a r g e  s e r i e s  o f  an im als  used  

f o r  o t h e r  w o rk , to  c o n t r o l  h i s  e x p e r im e n ts ,b u t  n e v e r  found a myocrrd-  

i a l  l e s i o n  in  any o f  them,

Grober (1907) has d e s c r i b e d  an a c t u a l  c a r d ia c  h y p e r t r o p h y ,w i t h  

d e f i n i t e  t h i c k e n i n g  o f  th e  m u sc le ,a n d  w i th o u t  d e g e n e r a t i v e  c h a n g e s ,  

a s  a s e q u e l  t o  r e p e a ted  a d r e n a l in  i n j e c t i o n s ,

F l e i s c h e r  and Loeb (1909) added a f u r t h e r  c h a p t e r  to  th e  work 

w i t h  a d r e n a l i n  by t h e i r  p u b l i sh e d  r e s u l t s  showing t h a t  i n  60 p er  c e n t  

o f  r a b b i t s  so t r e a t e d , a n  e x t e n s i v e  m y o c a r d ia l  l e s i o n  can be brought  

about  by a s i n g l e  i n j e c t i o n  o f  0 , 2  c . ,c ,  o f  1 i n  1 0 0 0  a d r e n a l in  s o l ­

u t i o n  ,to  which had been added 0 , 0 1 2  grm, o f  S p a r t e in  S u l p h a t e , o r  

0 , 0 2 5  grm;. o f  C a f fe in -S o d iu m -B e n s o a te .  How t h e s e  two l a t t e r  sub­

s t a n c e s  a m p l i f y  th e  a c t i o n  o f  a d r e n a l i n  i s  u n c e r t a i n ,a n d  by t h e m s e lv e s  

t h e y  have no a c t i v i t y , b u t  i t  i s  e a s i l y  proved t h a t  th e  same s i n g l e  | 

d o se  o f  a d r e n a l in  w i th o u t  t h e i r  p r e se n c e  i s  not  n e a r l y  so n o t e n t ,  !



The l e s i o n s  t h e y  d e s c r i b e d  were i n  t h e  main i d e n t i c a l  w i t h  t h o s e  i n ­

d i c a t e d  by  P e a r c e ,b u t  t h e y  were a b l e , i n  a v e ry  l a r g e  s e r i e s  o f  

a n i m a l s ; t o  f o l l o w  t h e  development  o f  t h e  changes  i n  seq uence  from 

p e r i o d s  o f  m in u te s  up to  about  s i x  weeks a f t e r  t h e  s o l i t a r y  i n j e c t i o n

In t h i s  way th e y  fo und ,w hat  i s  o f  c o n s i d e r a b l e  importance  i n  r e g . r d  

t o  my own o b s e r v a t i o n s , t h a t  p r o l i f e r a t i v e  dhanges  i n  th e  h e a r t  m usc le  

may b e g i n  as  early as two days a f t e r  t h e  i n j e c t i o n , a n d  by th e  end o f  

f o u r  days may be  q u i t e  marked. The s h o r t  p e r io d  o f  t im e necessary 
t o  a l l o w  of t h e  occurrence of f i b r o u s  changes  i n  h e a r t  muscle i s  

r e a l l y  q u i t e  e x t r a o r d i n a r y .  They p o in te d  o u t , i n  a d d i t i o n , t h a t  th e  

v e r y  e a r l y  changes  are  f i r s t  n o t i c e a b l e  round about th e  b lo o d  v e s s e l s  

and n ea r  th e  per icard ium  and endocardium. This  i s  i n t e r e s t i n g  i n  

c o n n e c t i o n  w i t h  th e  phenomena now to  be  d e s c r i b e d ,

RECORDS OF ANIMALS,

The c a r d ia c  m usc le  was examined in  th e  m a j o r i t y  o f  th e  an im als  i n ­

j e c t e d  w i th  th e  h a e m o ly t ic  serum,but  i n  o n ly  f o u r  out o f  t h e  number 

was a m y o c a r d ia l  l e s i o n  d i s c o v e r e d .  In a l l  f o u r  i n s t a n c e s  th e  

c h an ges  were o f  a p r o l i f e r a t i v e  n a tu r e ,a n d  a s  w i l l  be seen  b e low  t h e y  

v a r i e d  c o n s i d e r a b l y  in  i n t e n s i t y ,  A b r i e f  resume o f  th e  ex p er im en ts  

i n  which  m y o c a r d i t i s  was f o u n d ,w i t h  a d e s c r i p t i o n  o f  th e  l e s i o n  in -  

o r d er  o f  s e v e r i t y ,w i l l  now be g i v e n .

Rabbit  8 , w e ig h t  1590 grms.

T h is  was an a c u t e  e x p e r im e n t , th e  red count b e in g  reduced from

6 , 0 6 0 , 0 0 0  to  2 ,160 , 0 0 0 , and t h e  haemoglobin  from 74^ to  4 0 ^ ,w i t h i n  

f i f t e e n  h o u r s .  Marked h aem o g lo b in u r ia  e n s u e d , a l th o u g h  o n ly  1 c . c .



of  t h e  h a e m o ly t i c  serum had h - en i n j e c t e d .  The animal waS k i l l e d  

n i n e t e e n  hours a f t e r  t h e  i n j e c t i o n , a . s  i t  appeared to  he d y in g .

H e a r t . A very e a r l y  m y o c a r d ia l  l e s i o n  was fo u n d ,o n e  sm al l  c i r c u l a r  

p a tc h  o f  m u sc le  f i b r e s  p r e s e n t i n g  th e  f o l l o w i n g  a p p ea ra n c es .  The 

i n d i v i d u a l  f i b r e s  were s e p a r a te d  from one an o th e r ,a n d  surrounded by  

a somewhat s c a n t y  i n f i l t r a t i o n  o f  round c e l l s  re sem b l in g  lym phocytes  

The p a tc h  was sh a r p ly  marked o f f  from th e  h e a l t h y  m u sc le  round a b o u t .  

No f i b r o b l a s t s , o r  o t h e r  s i g n  o f  p r o l i f e r a t i v e  change ,was  made c u t .

At one edge o f  th e  l e s i o n  a sm a l l  c a p i l l a r y  was seen  cu t  i n  I c n g i t u d -  j 

i n a l  s e c t i o n , a n d  t h i s  was found q u i t e  f i l l e d  u'- w i t h  s i m i l a r  c e l l s  to  : 

t h o s e  surrounding  th e  f i b r e s .  The p o r t io n  o f  c a r d ia c  m u sc le  examined! 

which was taken  from th e  w a l l  o f  th e  l e f t  v e n t r i c l e ,was cu t  i n  s e r i a l  ! 

s e c t i o n s , a n d  a few o t h e r  s m a l l e r  a r e a s  o f  round c e l l  i n f i l t r a t i o n , a l l  

i n  c l o s e  p r o x im i ty  to  sm a l l  b lo o d  v e s s e l s ,were found.  The appear-  I

a n c e s  o f  t h i s  e a r l y  l e s i o n  are  shown i n  F i g ,  1 ,  |

Rabbit  3 ,  w e ig h t  1360 grms.

This  was a n o th e r  a c u t e  c a s e , w i t h  c o p io u s  h a e m o g lo b in u r ia .  The 

b l o o d  count was reduced from 7 , 2 0 0 , 0 0 0  to  about 46 0 ,0 0 0  w i t h i n  f o r t y  

h o u r s .  The t o t a l  amount o f  serum i n j e c t e d  w a s . 1 , 5  c , c . , a n d  th e  

anim al  was k i l l e d  about f i f t y  hours  a f t e r  th e  f i r s t  i n j e c t i o n .

H e a r t . The m usc le  from th e  l e f t  v e n t r i c l e , cu t  in  l o n g t u d i n a l  s e c t ­

i o n ,  showed a w e l l  marked l e s i o n  i n  one sm a l l  a rea  c o n t ig u o u s  w i t h  

t h e  p er ica rd iu m .  The f i b r e s  in  t h i s  a r e a  were in  p l a c e s  w i d e l y  

s e p a r a te d  by inflammiatory oedem a,w hi le  in  o t h e r  p a r t s  w e l l  marked 

p r o l i f e r a t i v e  changes  were e v i d e n t .  There was no round c e l l  i n f i l ­

t r a t i o n , b u t  th e  f i b r e s  were sep a ra ted  by a very  e a r l y  and l o o s e l y
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fcrrrad c o n n e c t i v e  t i s s u e .  The n u c l e i  c f  th e  m u sc le  f i b r e s  s t a i n e d  

much n'cre f a i n t l y  h e r e  than e l s e w h e r e ,but  no a c t u a l  n e c r o s i s  or  

a t r o s h y  o f  m u sc le  f i b r e s  were s e e n .  The l e s i o n  i s  r e p r e s e n t e d  i n  

F i g ,  2,

Ralobit 2 2 ,  w e ig h t  1260 grms.

This  c a s e  was r a t h e r  more c h r o n ic  than th e  p r e v io u s  o n es ,a n d  wa's 

unaccompanied by h a e m o g lo b in u r ia ,a l th o u g h  2 ,7 5  c , c ,  o f  t h e  h a e m o ly t i c  

s.erimn was i n j e c t e d  i n  t h r e e  d o s e s .  The b lo o d  count  was reduced from

4 , 6 0 0 , 0 0 0  to  1 , 8 8 0 , 0 0 0 , and th e  haem oglobin  from 58^ to  28/o. The 

anim al  was k i l l e d  n i n e t y  and a h a l f  hours a f t e r  th e  f i r s t  i n j e c t i o n .  

H e a r t . In th e  m usc le  o f  th e  l e f t  v e n t r i c l e  a v ery  w id esp r ea d  but  

e a r l y  f i b r o u s  change was met w i t h .  The e x t e n t  o f  t h i s  change i s  

v e ry  w e l l  brought  cut  i n  F i g .  3, In t h i s  l e s i o n  c e r t a i n  very  i n ­

t e r e s t i n g  p o i n t s  co u ld  be  made o u t , e s p e c i a l l y  w i t h  r e l a t i o n  to  th e  

s i g h t  o f  o r i g i n  o f  th e  c o n n e c t i v e  t i s s u e .  I t  was very  e v id e n t  t h a t  

t h i s  t i s s u e  was always  to be  found most  a bundantly  in  th e  near  n e i g h ­

bourhood o f  b lo o d  v e s s e l s .  F u r t h e r , a tro p h y  o f  th e  m u sc le  f i b r e s  

surrounded by th e  new formed f i b r o u s  t i s s u e  was b e t t e r  seen  h e r e  

than in  any o f  th e  o th e r  l e s i o n s  d i s c o v e r e d .  This  l a t t e r  p o i n t  i s  

v er y  c l e a r l y  shown in  th e  photograph.

Rabbit  1 5 ,  w e ig h t  2150 grms.

In t h i s  animal  th e  anaemia was very  a c u t e , t h e  red count b e in g  r e ­

duced from 7 ,2 0 0 ,0 0 0  to  2 , 0 8 0 , 0 0 0 , and the  haemoglobin  from 85^ to  

3 4/0 ,w i t h i n  f o r t y - s i x  h o u rs .  The t o t a l  amount o f  serum i n j e c t e d  was 

1 c . c . , g i v e n  in two do s e s , and th e  animal  was found dead on th e  t h i r d
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day o f  t h s  e x p e r im e n t ,p r c b a b ly  a l i t t l e  l e s s  than s e v e n t y  heure  a f t e r  

t h e  f i r s t  i n j e c t i o n .

H e a r t . In t h i s  an imal  th e  most marked m y o c a r d ia l  change c f  t h e

w hole  s e r i e s  was d i s c o v e r e d .  The c h a n g e s , i n d e e d ,w e r e  so marked t h a t

i t  i s  d i f f i c u l t  to  imagine  t h a t  t h e y  were brought  about i n  t h e i r  
T'ent irety  w i t h i n  th e  s h o r t  p e r io d  o f  t h e  exp er im en ts  d u r a t i o n .  This  

p o i n t  w i l l  be  r e f e r r e d  to  a g a in .  In th e  p o r t io n  o f  l e f t  . v e n t r i c l e  

ta k er  f o r  m ic r o s c o p ic  e x a m i n a t i o n , very  numerous a r e a s  c f  w e l l  formed 

c o n n e c t i v e  t i s s u e , s o m e  o f  q u i t e  c o n s i d e r a b l e  s i z e , w e r e  fcunci . In

many o f  t h e  p a t c h e s  o f  f i b r o u s  t i s s u e  no t r a c e  o f  m u sc le  f i b r e s  

c o u ld  be s e e n , w h i l e  in o t h e r s  a few a t r o p h ic  f i b r e s  c ou ld  be p ick ed  

o u t .  No n e c r o s i s , o r  o t h e r  act ive-  d e g e n e r a t i v e  change,was  d e t e c t e d  

i n  t h o s e  p a r t s  o f  c a r d ia c  m usc le  mot i n v o l v e d  in  th e  f i b r o s i s .  In  

t h i s  l e s i o n  a l s o , a  d e f i n i t e  r e l a t i o n s h i p  o f  th e  a re a s  o f  c o n n e c t i v e  

t i s s u e  to  th e  b lo o d  v e s s e l s  waS v er y  e v i d e n t ,a n d  t h i s  i s  w e l l  s een  

i n  F i g ,  4,

These were a l l  th e  d e f i n i t e l y  p r o l i f e r a t i v e  changes  met w i t h , b u t  ■ 

in  s e v e r a l  o f  th e  o t h e r  ex p e r im en ta l  an im als  s e p a r a t i o n  o f  the  

c a r d i a c  m u sc le  f i b r e s  was o b s e r v e d , s u g g e s t i v e  o f  a c o n d i t i o n  o f  

oedema. These c a s e s ,h o w ev er , r e q u i r e  no d e s c r i p t i o n ,

DISCUSSION OF RESULTS,

The above o b s e r v a t i o n s  r e a l l y  c a l l  f o r  l i t t l e  d i s c u s s i o n .  They 

a re  c h i e f l y  recorded  as  b e in g  e v id e n c e  o f  an i n t e r e s t i n g  and h i t h e r ­

to  unknown method o f  b r i n g i n g  about ex p er im en ta l  m y o c a r d i t i s  i n  

a n im a l s .  In  t h e  f i r s t  thr%e r a b b i t s  to  which r e f e r e n c e  was m a d e , 

t h e  l e s i o n s  prdduced are  very  s i m i l a r  in d sèd  to  t h o s e  d e s c r i b e d
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by Pea.roe,and. by Fleischer and L o e b ,in t h e i r  p u b l i s h e d  works, A 
s t r i k i n g  s i m i l a r i t y  to th e  exper im ent  w i th  a d r e n a l i n  i s , t h a t  t h e  

f i b r o u s  change which f oilers the i n j e c t i o n  o f  a h a e m o ly t i c  

g i n s  a l s o  i n  close p r o x im i ty  to th e  b lo o d  v e s s e l s .  This  seems a 

c l e a r  p r o o f  t h a t  a t o x i c  m a t e r i a l  i s  c a r r i e d  i n  the b lo o d  s tream ,and  

a f f e c t s  most  th e  p a r t s  f i r s t  s u p p l i e d  by t h e  p lasma.  In th e  f o u r t h  

a n i m a l , t h e  f i b r o u s  l e s i o n  i s  so marked and the  c o n n e c t i v e  t i s s u e  so 

w e l l  f o r m e d , t h a t  i t  i s  p r a c t i c a l l y  i n c o n c e i v a b l e  t h a t  no myocardial 
l e s i o n  was p r e s e n t  b e f o r e  th e  experim ent  b egan .  I t  must be p o in te d  

o u t , h o w e v e r , t h a t  j u s t  a s  was done by Pearce  I have examined th e  

c a r d i a c  m u sc le  in  a considerable number o f  l a b o r a t o r y  r a b b i t s , u s e d  fo 
o t h e r  e x p e r im e n ta l  work,and have n e v e r  found m y o c a r d i t i s  in  any o f  

them.

Changes i n  th e  l i v e r .  A l e s i o n  was found in  th e  l i v e r  in  o n ly  one 

anim al  i n j e c t e d  w i th  th e  h a e m o ly t i c  s'er'um,a l th o u g h  t h i s  organ was 

c a r e f u l l y  examined m i c r o s c o p i c a l l y  i n  every  c a s e .  This  compares ver; 

s t r a n g e l y  w ith  some work o f  Pearce  on "Experimental  c i r r h o s i s  o f  th e  

l i v e r " , w h e r e  he a c t u a l l y  used a h a e m o ly t ic  serum o b ta in e d  by i n j e c t ­

in g  "rabbits  w i th  Vdogs h  co r  o u s c l e s  , to  b r in g  about d e g e n e r a t i v e  l i v e r  

c h a n g e s .  With t h e  serum h e .produ ced  a lm ost  as  a r u l e  l e s i o n s  o f  the  

f o l l o w i n g  n a t u r e .  He found w i t h in  f o r t y - e i & h t  hours  a f t e r  an i n j e c t ­

ion:, marked n e c r o t i c  a r e a s  in  th e  l i v e r , w h i c h  had a very  d e f i n i t e  r e ­

l a t i o n  to  v a s c u l a r  thrombi composed o f  masses  o f  s e m i - fu s e d  red b lo o d  

c o r p u s c l e s .  In an im als  which s u r v iv e d  t h e s e  i n i t i a l  n e c r o t i c  change^ 

th e  d e g e n e r a t e d  a re a s  were r e p la c e d  by c o n n e c t i v e  t i s s u e , s o  t h a t  i n  a 

few weeks (he examined an im als  up to  t h i r t y - s i x  days a f t e r  th e  f i r s t
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i n j e c t i o n )  a  very  d e f i n i t e  c i r r h o s i s  o f  th e  l i v e r  had r e s u l t e d .

My o n ly  o b s e r v a t i o n  on d e g e n e r a t i v e  changes  i n  th e  l i v e r  i s  g i v e n  b e ­

low.

■ ^

Rabbit  8 ,

This  was th e  animal  i n  which a very  e a r l y  m y o ca rd ia l  l e s i o n  has  

been  d e s c r i b e d .  In th e  l i v e r  a v e r y  marked c o n d i t i o n  o f  n e c r o s i s  

was p r e s e n t ,a f f e c t i n g  c h i e f l y  t h e  c e n t r a l  p a r t s  o f  th e  l o b u l e s , i n  

c l o s e  r e l a t i o n s h i p  to th e  c e n t r a l  v e i n s .  A lthough  th e  l e s i o n  seemed 

a lw a y s  to  commence i n  th e  c e n t r e , i n  many p l a c e s  t h e  whole  o f  t h e  

l o b u l e s  r i g h t  out to  t h e i r  p e r ip h e r y  was n e c r o t i c .  In th e  n e c r o t i c  

a r e a s ,marked c e l l u l a r  i n f i l t r a t i o n  was p r e s e n t , a n d  th e  c e l l s  were on 

exam inat ion  found to be c h i e f l y  p o lym orpho-nuolear  l e u c o c y t e s , a n d  

n o t  ly m p h o c y te s .  The l e s i o n  b e in g  an e a r l y  on e ,no  a t tem pt  a t  conn­

e c t i v e  fo im at ion .  was s e e n ,

CONCLUSIONS^

1 ,  In  an im als  i n j e c t e d  w i th  th e  h a e m o ly t i c  immune-serum,d é f i n i t e  

m y o c a r d ia l  changes  occurred  in  f o u r  out o f  kbout tw enty  a n im a l s .

These changes  c o n s l s t e d u ,b r i e f l y , in  t h e  development  o f  a f i b r o u s  

m y o c a r d i t i s .  I t  i s  e v i d e n t  from th e  ex p er im en ts  o f  o t h e r s  t h a t  

h a e m o ly t i c  s e r a  d i f f e r  in  th e  amount o f  damage t h e y  produce in  organs  

o t h e r  than t h e s e  b e lo n g in g  to th e  h a e m o p o ie t i c  system ,

2, In one animal a marked n e c r o s i s  o f  l i v e r  t i s s u e  f o l l o w e d  th e  

i n j e c t i o n .  By means o f  a h a e m o ly t i c  serum prepared in  a d i f f e r e n t  

w a y ,P ea rc e  has  been a b l e  to produce a lm ost  im v a r ia b ly  n e c r o t i c  

changes  in  th e  l i v e r s  o f  r a b b i t s .
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F i g ,  1 ,  Heart  m u sc le  o f  Rabbit  8 , showing a vei '̂* e a r l y  l e s i C n ,  

. , ' ( X 80 )



¥ i g ,  2 ,  Heart  m u sc le  o f  Ra'b'bit 3 ,  showing an e a r l y  p r o l i f e r a t i v e  

c h a n g e , ( x  80 )

P i g ,  3,  Heart m u sc le  from R abbit  22 ,  shewing a d i f f u s e  f i b r o u s

change in  th e  neighbourhood o f  b lo o d  v e s s e l s .  Atrophy o f  

m u sc le  f i b r e s  i s  w e l l  s e e n ,  ( x  80 )

P i g ,  4,  Heart  m u sc le  o f  Rabbit  1 5 ,  showing p a tc h e s  o f  advanced

f i b r o s i s ,  ( x  80 )

P i g ,  5 ,  S e c t i o n  o f  l i v e r  o f  R a b b i t  8 ,  s h o w i n g  w e l l  m a r k e d  n e c r o s i s

o f  a  l o b u l e ,  ( x  80 )
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In  c o n c lu d in g  t h i s  t h e s i s , I  have  c o n s id e r e d  t h a t  any summary o f  

t h e  r e s u l t s  .o f  my work would he  in c o m p le t e  w i th o u t  c o m p a r in g , in  a  

g e n e r a l  w a y , th e  changes  brought  about i n  e x p e r im e n ta l  anaemia from  

b lo o d  d e s t r u c t i o n  w i t h i n  th e  body ( h a e m o ly t i c  anaemia ) ,w i th  t h o s e  

produced by s im p le  removal o f  b lo o d  ( p o s t -h a e m o r r h a g ic  anaemia ) ,

In  t h i s  way an i d e a  i s  g i v e n  o f  how th e  two t y p e s  o f  e x p e r im e n ta l  

anaemia c o n t r a s t , j u s t  as  a comparison i s  made betw een  what a r e  c a l l e d  | 

i n  man primary and secondary  anaemia,  ' 'i

I t  must be  s t a t e d  a t  once t h a t  such a comparison cannot  be  made j 

w i t h  a l l  t h e  e x p e r im en ta l  h a e m o ly t i c  anaemias i n v e s t i g a t e d ,  Por  |; 

e x a m p le , t h o s e  produced by sapon in  and t o lu y l e n d i a m i n  have no r e a l  I!' 

s i m i l a r i t y  a s  regard s  th e  b lo o d  p i c t u r e  brought  about  to  primary n

anaemia i n  man. The anaemias induced by t h e  i n j e c t i o n  o f  th e  haemo- i: 

l y t i c  serum,and i n  a l e s s e r  d e g re e  t h a t  brought  about by s t r e p t o l y s i n  ,|; 

have on t h e  o t h e r  hand e x c e e d i n g l y  s t r i k i n g  s i m i l a r i t i e s ,b o t h  as  r e ­

gards  t h e  b lo o d  p i c t u r e  and th e  changes  i n  th e  o r g a n s ,w i t h  primary : 

or  p e r n i c i o u s  anaemia i n  th e  human s u b j e c t .

When th e  h a e m o ly t ic  anaemia produced by th e  two above m entioned i 

a g e n t s  i s  c o n t r a s t e d  w i t h  t h a t  produced in  an im als  by s im p le  b l e e d i n g , '  

i t  i s  s e e n  t h a t  one by one th e  p o i n t s  o f  d i s t i n c t i o n  compare j u s t  as  

i n  t h e  t e x t - b o o k  d e s c r i p t i o n s  o f  th e  d i f f e r e n t i a t i o n  o f  human 

anaem ias .

In  th e  h a e m o ly t i c  anaemia t h e r e  d e v e lo p s  , j u s t  as  in  human primar\r 

a n a em ia ,a  m e g a i o c y t i c  typ e  o f  b lo o d  w i th  a h ig h  c o l o u r  i n d e x .
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N u c le a t e d  red c e l l s  o f  b o th  t y p e s  appear  i n  t h e  c i r c u l a t i o n ,marked 

a n i s o c y t c s i s  i s  p r e s e n t , l a r g e  p c l y c h r c m a t c p h i l  m s g a l o c y t e s  o c cu r  i n  

numbers,and o t h e r  changes  such as  p u n c ta t e  b a s o p h i l i a  e t c . , a r e  a l s o  

fo u n d .  In  t h e  organs p o s t -m o r te m , t h e  d e p o s i t s  o f  h a e m o s id e r in  a re  

q u i t e  s i m i l a r  i n  e x t e n t  and d i s t r i b u t i o n  to  t h o s e  o f  th e  human d i s e a s  

In  p o s t -h a em o rr h a g ic  anaemia i n  r a b b i t s , t h e  changes  found are  

q u i t e  s i m i l a r  to t h o s e  i n  s e v e r e  secondary  anaemia i n  man. In  th e  

f i l m s  a n i s o c y t c s i s  and to  some e x t e n t  p o i k i l o c y t o s i s  o c c u r , n u c l e a t e d  

red c e l l s  a re  see n  but  se ldom,and th e  b lo o d  p l a t e l e t s  become extrem e­

l y  numerous.  The c o l o u r  in d e x  i s  u n i fo r m ly  low,  A s l i g h t  p o i n t  o f  

d i f f e r e n c e  perhaps i n  th e  animal  exper im ents  i s  th e  e x t e n t  to  which  

p u n c ta te  b a s o p h i l i a  i s  met w i t h .

The c l o s e  co rr esp o n d en ce  o f  th e  r e s u l t s  found i n  the  two t y p e s  o f  

anaemia i n  an im als  w i t h  t h o s e  o f  th e  two v a r i e t i e s  i n  man,seem to  me 

to  f u r t h e r  s t r o n g l y  th e  view t h a t  Primary or  P e r n i c i o u s  Anaemia in  

man i s  a t r u e  h a e m o ly t i c  a n aem ia ,dependant on some p r o c e s s  o f  b lo o d  

d e s t r u c t i o n  i n  t h e  b o d y , a l l  th e  o t h e r  changes  b e in g  secondary  to  t h i s  

h a e m o l y s i s ,  What th e  n a tu re  o f  th e  h a e m o ly t i c  s u b s ta n c e  i n  

P e r n i c i o u s  Anaemia i s , o n ly  f u r t h e r  work can show. To my m in d , th e  

r e c e n t  r e s e a r c h e s  o f  Paust  and T a l l q u i s t  on the.  cau se  o f  B o r t h r i o -  

c e p h a lu s  Anaemia a r e  very  s u g g e s t i v e  f o r  f u t u r e  i n v e s t i g a t i o n  o f  t h e  

s u b j e c t .
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