
 
 
 
 
 
 
 

https://theses.gla.ac.uk/ 
 
 
 

 

Theses Digitisation: 

https://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/ 

This is a digitised version of the original print thesis. 

 

 
 
 
 
 
 
 

Copyright and moral rights for this work are retained by the author 
 

A copy can be downloaded for personal non-commercial research or study, 

without prior permission or charge 
 

This work cannot be reproduced or quoted extensively from without first 

obtaining permission in writing from the author 
 

The content must not be changed in any way or sold commercially in any 

format or medium without the formal permission of the author 
 

When referring to this work, full bibliographic details including the author, 

title, awarding institution and date of the thesis must be given 
 
 
 
 
 
 
 
 
 
 
 
 

 
Enlighten: Theses 

https://theses.gla.ac.uk/ 

research-enlighten@glasgow.ac.uk 

http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
https://theses.gla.ac.uk/
mailto:research-enlighten@glasgow.ac.uk


EZPERIMENT AIj\. F A80 lO M  AS 18 

M ’ the -RABBIT ' : " -

A THESIS SUBMITTED FOR THE : DEGREE OE DOCTOR OF .PHILQSQPHY 

: . ; IH ':THE- FAGUBTY ■OE'MEBIGIHE, THE UNIVERSITY OE .GEASGOW .

By:-

GEORGE. M. URQUHART, M. R . GyV. S .

B e p a r ln ie n t  o f  ' Y e t e r i n a r y  P a l h o l o g y , . V;. • ■ ;
The ■ V e t e r i n a r y  S c h o o l ,  \ \  ' Y .
The U n i v e r s i t y ,  - / A- ' ’ ■ ' ■. A ■ .
G lasgow , , ■ : , ; . A ' J a n u a r y ,  1955*.



ProQuest Number: 10647769

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uesL
ProQuest 10647769

Published by ProQuest LLC (2017). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode

Microform Edition © ProQuest LLC.

ProQuest LLC.
789 East Eisenhower Parkway 

P C. Box 1346 
Ann Arbor, Ml 48106- 1346



. \  . INDEX

' ' ' . P age.
GENERAL INTROPUOTIOH., .  ̂ 1 '

F ig u re s  -1-7 . ■ I  -  IV

SECTION,: 1: THE RABBIT' AS HOST IN EXPERIMENTAL

FASOIGLIASIS. , . ' ■ 5

I n t r o d u c t io n *  5,

Methods and M a t e r i a l s .  . 5

R e s u l t s . - ,  ' 6

D is c u s s io n ,  .12

' Suiïmiary, : - I 4

SECTION 2,1 A STUDY OF THE ANAEmA ASSOCIATED WITH 

FASGIOLA HEPATIGA INFECTION OF RABBITS . 16

I n t r o d u c t i o n   ̂ 16

Methods and M a te r i a l s , '  * , 18

R e s u l t s . 21

. The .anaemia p roduced  hy  th e  l i g a t i o n  o f  

- th e  , common B i l e - d u c t  o f  t h e  raB B it  * 43

, ' The e x p e r im e n ta l  p r o d u c t io n  o f  a p o s t —

haemmorhagic an aem ia . 45

. The e f f e c t  on th e  anaemia, o f  th e  rem oval ,

o f  th e  f l u k e s  By an a n t h e l m i n t i c i  47

The e f f e c t  o f  in t r a v e n o u s  i r o n  on th e  

anaem ia : a s s o c i a t e d  w i th  f a s c i o l i a s i s . 49

D is c u s s io n ^  . . 51

Summary. ' - - ' 61

F ig u re s  8 -  2 1 .  V XVII

SECTION 3; RADIOISOTOPE STUDIES.ON THE ANAEMIA 

PRODUCED BY INFECTION WITH FASGIOLA HEPATIGA 63 -



I n d e x  ; ( c o n t i n u e d  ) . •

; - ' I n t r o d u c t i o n . / - I ' : , 63 ' /

;;;i. V"' Methods and M a t e r i a l s . , . ^ 3  . ’ I

■, Y R e s u l t s .  I - 'I  ' g" y i ■ ' , - y 68

y . ,y; : D i s c u s s io n .  I Y - 7 3

y . ' , yShinmary. .73' • y-

SECTIDN 4: ARTIFICIAL IMMIMITX TO ' , 3

FA8CI0IA HERATICA : IN ̂ RABBITS V SOME STUDIES y ' ;:y: ' ' 

mTN:.Ii^OTEIN:ANTIGEN^^ ' y j  '.:-y/76 '

17  . V y- I n t r o d u c t i o n .  ' y.y-'-, 76. A I'

y i  ' 'y Methods and M a t e r i a l s . ,, ■ : /  82 .-

.' ■A/  ̂ y\ R e s u l t s  o ' y.,A. y ;y Y 86,. :

' y ... . ; f i s G u s s i o n v  ■ y- AA-- ; 9.4

' , ' . . Suibnary .  / . ,y y  ' ;  ,yy98\' ' y

y : ' : A : F ig u re  2 2 .  ÿ y.r A A Ay % : 79 .

::-A--, '. y F igu re ; 23v ’" A ' y- ;■ .88-. - ■ .

: ■ F ig u re  24.^ i y -  A, - Y ; y. ' ' ■ .-  89

 ̂ " % F ig u re s  25 ’ and 26 . ' , y -> X 7 I I I  ' y

SECTION 5 : ,i A, STUDY OF THE LIVER LESIONS ' 'A  ̂

-ASSOCIATED WITH FA8CI0LIA8ÏS ' IN RABBITS . , . 99

, ;  ̂ ■ y ': I n t r o d u c t id h *  y; y ; t Y;"-' ' A 99

a : ■ ' - .Methods andA M ateria lS '.  . 100 y ...
y y fA R e su l ts . ■ y i  ' \  ' 101

- -Cy - , yy y I r o m s u lp h a le in , .E x c r e t io n  - -y
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GENERAL INTROLUOTION



, ■ ■■ -■ ■■ V y  y  y  'y'^ y , :  ' y  -

INTRODUCTION. 'V ■ ' ^ 'y : -  '. :

Between 1881 and 1883 Leuckeirt i n  .Germany' and Thomas i n  

England  in d e p e n d e n t ly  e l u c i d a t e d  th e  f i r s t  t r é m a t ode 1 i f e - c y c l e ,  

t h a t  o f  F a s c i o l a  h e p a t i c a . S ince  th e n  a l a r g e  mass o f  in f o rm a t io n  

h as  Been o b ta in e d  abou t th i s ;  p a r a s i t e ,  But i t  i s  s t i l l  e n c o u n te re d  

to d a y  as  a m a jo r  cause  o f  m o r t a l i t y  and m o r b id i ty  i n  sheep  and 

c a t t l e  a l l  over th e  world* •

In  B r i t a i n  i n  1 9 4 2 , P e t e r s  a n d  Olapham e s t im a te d ,  on an 

a n a l y s i s  o f  s la u g h te r h o u s e  r e t u r n s  c o v e r in g  over  7 3 ,0 0 0  c a t t l e ,  

t h a t  th e  economic l o s s  to  th e  m eat in d u s t r y  was p ro b a b ly  abou t 

1 , 500 . to n s  o f  l i v e r  p e r  annum, r e p r e s e n t i n g  a r e t a i l ,  p r ic e ,  o f  

ab o u t  one-g_uarter o f  a  m i l l i o n  pounds; t h i s  e s t im a te  d id  n o t  , 

i n c lu d e  re d u c e d  meat and m ilk  p ro d u c t io n ,  i n  i n f e c t e d  a n im a ls .

Also, i n  t h i s  c o u n try  d u r in g  th e  w in te r s  o f  1946-47 and 1947-48 

s e v e re  ep id em ics  o f  f a s c i p l i a s i s  o c c u rre d  among sheep  and m o r ta l ­

i t y  was e x t re m e ly y h ig h  (T a y lo r  Î 949 )* The in c id e n c e  of th e  

d i s e a s e  i n  o th e r  c o u n t r i e s  i s  rev ie w e d  By H u ty ra ,  Marek and - 

M anninger7 (1946 ) . .

, -The a d u l t  p a r a s i t e  ;(F ig .  1) is :  found i n  th e  B i l e - d u c t s  o f  

c a t t l e  and s h e e p , and h as  a l s o  Been OBseryed on numerous 

o c c a s io n s  i n  th e  l i v e r s  of r a B B i t s , h o r s e s , p ig s  and man. I t  i s  

l e a f - s h a p e d ,  B roader  a n t e r i o r l y  th a n  p o s t e r i o r l y  and i s  abou t 

30 mm. lo n g  and 13 mm. w id e . At th e  a n t e r i o r  end t h e r e  i s  a  

c o n ic a l  p r o j e c t i o n  t e r m i n a t i n g  i n  th e  o r a l  sucker.; t h e  v e n t r a l  

su c k e r  i s  s i t u a t e d  a t  th e  l e v e l  o f  th e  s h o u ld e r s .  The c u t i c l e  

i s  co vered  w i th  sh a rp  s p in e s .  The d i g e s t i v e  t r a c t  p o s s e s s e s  

Branched caeca,•w hich e x ten d  t o  th e  p o s t e r i o r  end of th e  worm. y

T h e / ' ,  ' . : ■' /  . : . y ,  ■ . y  ■■ ■ ' ' ,  . .%•



2,

The p a r a s i t e s  a r e  h e rm a p h ro d i te  and l a y  l a r g e  y e l lo w is h  o v o id a l  

o p e r c u l a t e  eggs (Fig.- 2) ah o u t IJOyA x TO^ * The eggs e n t e r  th e  

i n t e s t i n e  w i th  t h e  b i l e  and p a s s  o u t i n  th e  f a e c e s .  A f t e r  ab o u t 

9 -  15 days a t  an  o p t im a l  t e m p e ra tu r e  of  22^ -  26^0', t h e  eggs  

h a tc h  and th e  p y r i fo rm  c i l i a t e d  m i r a c i d i a  emerge ( F ig .  3 ) .  The 

a n t e r i o r  end o f  each  m ira c id iu m  i s  b lu n t  and p o s s e s s e s  a  sm a ll  

p a p i l l i f o r m  p r o t r u s i o n .  These m i r a c i d i a  mov^e a c t i v e l y  i n  w a te r  

and may s u r v iv e  f o r  ab o u t  24 h o u r s .  I f  d u r in g  t h i s  tim e a  s u i t a b l e  

s n a i l  h o s t  ( i n  B r i t a i n ,  p r i n c i p a l l y  Lymnaea t r u n c a t u l a  ( F ig ,  4 ) )  i s  

e n c o u n te re d ,  t h e  m ira c id iu m  a c t i v e l y  p e n e t r a t e s  t h e  s o f t  t i s s u e s  o f  

th e  s n a i l ,  u s in g  th e  p a p i l l i f o r m  p r o t r u s i o n  a s  a  b o r in g  a p p a r a tu s .  

Once i n  th e ,  s n a i l ,  th e  m iracidurn l o s e s  i t s  c i l i a t e d  c o v e r in g  and i s  

known a s  a s p o r o c y s t ;  t h i s  s t r u c t u r e  i n c r e a s e s  i n  s i z e ,  a n d  by 

grow th and m u l t i p l i c a t i o n  o f  i t s  g e rm in a l  c e l l s  p ro d u c e s  numerous 

l a r v a e  known a s  r e d i a e ;  t h e s e  grow, r u p t u r e  th e  s p o r o c y s t ,  and a r e  

l i b e r a t e d  i n t o  t h e  s n a i l  t i s s u e s .  The r e d i a  (F ig s .  5 and 6) i s  

c y l i n d r i c a l  and p o s s e s s e s . : ! a n te r io r ly  a  c o l l a r —l i k e  s t r u c t u r e  and 

p o s t e r i o r l y  a p a i r  o f  m a rg in a l  p r o c e s s e s .  D u rin g  movement ( \Y righ t, 

1928) t h e  c o l l a r  d i s a p p e a r s  and th e  a n t e r i o r  p a r t  o f  t h e  body  i s  

t h r u s t  forw a.rd; t h e  c o l l a r  t h e n  r e a p p e a r s  and a c t s  a s  an  an ch o r  

w h ile  th e  m a rg in a l  p r o c e s s e s  a r e  w ithdraw n  and th e  p o s t e r i o r  p a r t  

o f  th e  body i s  drawn fo rw a rd .  .The g e rm in a l  c e l l s  o f  t h é  r e d i a  

p roduce  th e  n e x t  s t a g e  o f  th e  p a r a s i t e ,  th e  c e r c a r i a e .  These a re  

shed  i n  c o n s id e r a b le  numbers th ro u g h  a b i r t h  p o re  b eh in d  th e  c o l l a r  

o f  th e ;  r e d i a ,  emerge from th e  s n a i l  and may be s e e n  by , th e  naked  

eye a s  m inu te  t a d p o l e - l i k e  s t r u c t u r e s  w hich swim f r e e l y  i n  w a te r .



3 .

Each c e r e a r i a  p o s s e s s e s  o r a l  and v e n t r a l  s u c k e r s ,  a  b i f u r c a t i n g  

i n t e s t i n e  and d a rk  g r a n u la r  c y s to g en o u s  g la n d s .  A f te r  ab o u t one 

ho u r  th e  c e r e a r i a  a t t a c h e s  i t s e l f ,  to  a g r a s s  b la d e  o r  o th e r  s u i t ­

a b le  o b j e c t ,  s u r ro u n d s  i t s e l f  w i th  s e c r e t i o n  from  th e  c y s to g e n o u s  

g la n d s  and d i s c a r d s  i t s  t a i l  ( F ig ,  7 ) .  The tim e w hich  e l a p s e s  

betw een  th e  i n f e c t i o n  o f  t h e  s n a i l  and th e  sh e d d in g  o f  c e r c a r i a e  

o c c u p ie s  ab o u t 6 - 7  weeks under  o p t im a l  c o n d i t i o n s .

These e n c y s te d  c e r c a r i a e  m ay .rem ain  i n f e c t i v e  f o r  s e v e r a l  

m onths. I f ,  d u r in g  t h i s  t im e ,  th e y  a r e  in g e s te d  by a  s u i t a b l e  

h o s t  th e y  e x c y s t  i n  th e  i n t e s t i n e ,  p e n e t r a t e  th e  w a l l  o f  th e  gu t 

and m ig ra te  a c r o s s  th e  p e r i to n e u m  to  th e  l i v e r  which th e y  e n t e r  

by b o r in g  th ro u g h  th e  c a p s u le  (Schumacher , 1939), ; th e  young 

f l u k e s  may be found  i n  th e  l i v e r  as  soon a s  48 h o u rs  a f t e r  i n f e c t i o n  

th e y  grow and wander a p p a r e n t ly  a t  random i n  the . l i v e r  parenchym a 

f o r  s e v e r a l  weeks and e v e n t u a l l y  e n t e r  th e  b i l e - d u c t s  i n  which th e y  

become m atu re  ab o u t 8 or  9 v/eeks a f t e r  i n f e c t i o n .

D eath  o f  th e  h o s t  may occur d u r in g  th e  a c u te  or m ig r a to ry  s ta g e  

of th e  i n f e c t i o n  due to  e x t e n s iv e  d e s t r u c t i o n  o f  l i v e r ,  t i s s u e  o r  t o  

haem orrhage from  t h i s  o rg a n .  The c h ro n ic  form  o f  th e  d i s e a s e  

a s s o c i a t e d  w ith  th e  p re s e n c e  o f  a d u l t  p a r a s i t e s  i n  th e  b i l e - d u c t s  

i s  more f req^uen tly  e n c o u n te re d  and i s  u s u a l l y  c h a r a c t e r i s e d  by 

e m a c ia t io n ,  anaem ia and oedema; th e  oedema i s  u s u a l l y  p r e s e n t  a s  

a s c i t e s  and oedema o f  th e .  in te r m a n d ib u la r  sp a c e  ( th e  l a t t e r  i s  t h e  

c l a s s i c a l  ry. s i g n /  o f  " b o t t l e - j a w » ') • At a u to p sy  th e  l i v e r  i s  

c i r r h o t i c  and th e  l a r g e  b i l e  d u c t s  c o n ta in in g  the . p a r a s i t e s  a r e  

th ic k e n e d  and f i b r o u s .

I n /



Fig* 1* Adult F ascio la . h e p a tic a . The branching caeca a re  f i l l e d  
w ith  a dark brown f lu i d ;  th e  o ra l  and v e n tra l  su ck ers  and th e  
g e n i t a l i a  may be seen , x 5 .

F ig , 2. Egg of F, he p a tic a  recovered  from g a l l  b la d d e r  b i l e ,  x 5 50 ,



IE

F ig . 5* M iracidium  of jP. h e p a tic a  showing c o n ic a l b o rin g  appara tus 
a t  th e  b lu n t s in te r io r  end. x 4^0.

t

F ig . 4 . The s n a i l  h o s t,  Lymnaea tru n c a tu la . A few c e rc a r ia e  have 
encysted  on th e  s h e l l s ,  x 10.



m

É

F ig . Young r e d ia .  The pharynx, the  c o l l a r ,  and the l a t e r a l  
p rocesses a re  v i s ib l e ,  x 1^0.

F ig . 6. M ature r e d ia .  There a re  fo u r  c e rc a r ia e  w ith in  the  body.
X 70.



IV

F ig . 7. C erca riae  encysted  on Cellophane l in in g  of g la s s  tu b e , x 2.
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In  t h i s  i n v e s t i g a t i o n  a n  a t te m p t  h a s  b een  made t o  s tu d y  t h r e e  

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

anaem ia , th e  l i v e r  l e s i o n s ,  and th e  r e s p o n s e  to  a r t i f i c i a l  , 

im m u n isa tio n  w ith  an  a n t i g e n  p r e p a re d  from th e  p a r a s i t e s .  The 

l i t e r a t u r e  on each  o f  t h e s e  s u b j e c t s  i s  rev iew e d  i n  th e  r e l e v a n t  

s e c t i o n s  o f  th e  t h e s i s : .

B ecause o f  l a c k  o f  accom m odation when t h e s e  e x p e r im e n ts  were 

s t a r t e d ,  i t  was n o t  p o s s i b l e  to  use  sheep  o r  c a l v e s ,  and th e  r a b b i t  

was s e le c te d ;  a s  a  s u i t a b l e  l a b o r a t o r y  h o s t .  The f i r s t  s e c t i o n  o f  

th e  t h e s i s  i s ,  t h e r e f o r e ,  co n c e rn ed  w ith  a s tu d y  o f  th e  r a b b i t  a s  

h o s t  i n  e x p e r im e n ta l  f a s c i o l i a s i s .



SECTION I

THE RABBIT. AS HOST IN EXPERIMENTAL EASCIOIIASIS.



As a p r e l i m i n a r y  t o  th e  r e s t  o f  th e  work r e p o r t e d  i n  t h i s  

t h e s i s ,  and w i th  p a r t i c u l a r  r e g a r d  to  th e  p ro p o se d  s t u d i e s  on 

a c q u i r e d  im m unity , i t  was found  n e c e s s a r y  to  d e te rm in e  some o f  

th e  f a c t o r s  i n f l u e n c i n g  th e  number o f  a d u l t  f l u k e s  w hich  d ev e lo p  

from. a .g i v e n  number o f  c e r c a r i a e  a d m in is te r e d  to  a n  unimmunized 

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

Such f a c t o r s  m ight in c lu d e  the . b r e e d ,  a g e ,  w e ig h t ,  s i x  and 

i n d i v i d u a l  n a t u r a l  r e s i s t a n c e  o f  th e  r a b b i t ,  th e  age of th e  

c e r c a r i a e ,  a  v a r i a t i o n  i n  v i r u l e n c e  o f  c e r c a r i a e  from  d i f f e r e n t  

s n a i l  h o s t s ,  t h e  age o f  th e  s n a i l ,  th e  te c h n iq u e  o f  i n f e c t i o n  o f  

th e  r a b b i t  and th e  s i z e  o f  th e  i n f e c t i n g  d o se .

The d eterm in a tio n  o f  th e  p r e c is e  im portance o f each Of th e s e  

f a c to r s  would re q u ir e  a large, number o f  ex p er im en ts, but s u f f i c i e n t  

in fo rm a tio n  was o b ta in ed  to  be o f  v a lu e  fo r  p r a c t ic a l  p u rp oses.

There i s  l i t t l e  p u b l i s h e d  in f o r m a t io n  a v a i l a b l e  on th e  r a b b i t  

as  an  e x p e r im e n ta l  h o s t  f o r  F . h e p a t i c a ,  M ontgom erie (1931) 

r e c o v e re d  from  t h r e e  r a b b i t s  i n f e c t e d  w ith  6 , 1 5 , and 40 c e r c a r i a e ,  

4, 7 , and 11 f l u k e s  a f t e r  13 , 31 and 37 m onths , r e s p e c t i v e l y ,  w h ile  

K err  and P e tk o v i t c h  (1935) found t h a t  i n  t h r e e  r a b b i t s  each  

i n f e c t e d  w i th  13 c e r c a r i a e  and k i l l e d  111, 116, and 124 days a f t e r  

i n f e c t i o n ,  t h e r e  were 5 , 9, and 11 f l u k e s ,  r e s p e c t i v e l y ,  i n  th e  

l i v e r ,

' METHODS AND’MATERIALS,

The s n a i l s ,  Lymnaea tr u n c a tu la , and s u ita b le  mud were ob ta in ed  

from the. f i e l d  (s e e  Appendix A) ; the form er were c u ltu r e d  by th e  

m ethod/



method o f  T a y lo r  an d  Mozley (1948) and were i n f e c t e d  when abou t

6 . weeks o ld  w i th  m i r a c i d i a  o b ta in e d  by c u l t u r i n g  i n  w a te r ,  eggs 

r e c o v e re d  from  sh eep  b i l e .

The c e r c a r i a e  were s t o r e d  i n  a  c o o l ,  d a rk ,  w a t e r - s a t u r a t e d  

a tm osphere  f o r ?  d a y s .  At th e  end of t h i s  p e r io d  th e y  were 

a d m in is t e r e d  i n  d o se s  o f  50 c e r c a r i a e  t o  each, r d b b i t . , The method 

o f  i n f e c t i n g  th e  r a b b i t s  was v a r i e d  an d  th e  t e c h n iq u e s  a r e  d e s c r ib e d  

i n  d e t a i l  b e lo w .

The r a b b i t s ,  a l l  o b ta in e d  from  t h e  same s o u r c e ,  were from 

6 months to  1 y e a r  o ld  and were e i t h e r ,D u t c h  o r  Old E n g l i s h — 

C h i n c h i l l a  c r o s s e s  (O .E, x G ,) ,  b o th  fem ales , and c a s t r a t e d  m ales  

b e in g  u.8ea, ' V  . f -

■ ;■ , y y / r e s u l t s - y ' . /

E xperim en t 1 :  The Developm ent of a S im ple , Rapid  an d
: E f f i c i e n t  T e c h n iq u e 'f o r  th e  I n f e c t i o n  o f  R a b b i t s  7 

wi^h C e r c a r i a e  o f  F. h e p a t i c a .

I n  e x p e r im e n ta l  i n f e c t i o n  o f  r a b b i t s  w i th  c e r c a r i a e  o f

F a s c io la  h e p a t ic a ,p a r t ic u la r iy./Whem la r g e  num bers:of c y s t s  are b ein g

f e d ,  i t  i s  d e s i r a b l e  t o  use a method w hich i s  s a t i s f a c t o r y . i n  th e

f o l lo w in g  r e s p e c t s . . / : % : 17 -H

(a) The p rep a ra tio n  o f  s p e c i f i c  numbers o f  v ia b le  c e r c a r ia e  

should  be sim ple and q u ick ,

(b) The c e r c a r i a e  sh o u ld  be h an d le d  a s  l i t t l e  a s  p o s s i b l e  i n  

o r d e r  t o  m in im ise  damage to  them and danger  to  th e  i n v e s t i g a t o r ,

(c )  The method o f  a d m i n i s t r a t i o n  : o f  th e  c e r c a r i a e  t o  th e  an im al 

s h o u ld .b e  s im p le  and r e l i a b l e ,
! . .  \  : / ' . 7 \ \ - . . - . y _ ,  y - .

T h e /  I  . - ' ; . .  . : ,
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The a d v a n ta g e s  and  d is a d v a n ta g e s  o f  a  number of  t e c h n iq u e s  

a r e  d e s c r ib e d  below  and i n  c o n c lu s io n  d e t a i l s  a r e  g iv e n  o f  one 

w hich  h as  p ro v ed  s u p e r io r  i n  th e  above r e s p e c t s , .

The method o r i g i n a l l y  used  to  c o l l e c t  c e r c a r i a e  from  th e  h o s t  

s n a i l , Lymnaea t r u n c a t u l a , was a s  f o l lo w s .  Each s n a i l  was p la c e d  

i n  a  g l a s s  t e s t  tu b e  (5 x 1 cm) t h r e e - q u a r t e r s  f u l l  o f  w a te r .  The 

tu b e  was th e n  c o rk e d .  When th e  c e r c a r i a e  em erged/ th e y  e n c y s te d  

on th e  g l a s s ,  t h e  m a j o r i t y  o f t e n  b e in g  found  a t  t h e  w a te r  l i n e .

The te c h n iq u e  o f  i n f e c t i o n  was to  l i f t  t h e  c e r c a r i a e  o f f  th e  

g l a s s  w ith  a t h i n  g l a s s  ro d  and p la c e  them i n  a  w a tc h g la s s  o r  sm a ll  

t e s t  tu b e .  When th e  r e q u i s i t e  number had  b een  c o l l e c t e d ,  a few 

d ro p s  o f  w a te r  were added to  th e  w a tc h g la s s ,  and th e  c e r c a r i a e  

drawn up i n t o  a c a p i l l a r y  p i p e t t e  t o  be a d m in is t e r e d  o r a l l y  t o  

th e  r a b b i t .  A l t e r n a t i v e l y ,  w a te r  was added to  th e  sm a ll  t e s t  t u b e ,  

th e  l a t t e r  i n v e r t e d  s e v e r a l  t im e s  and th e  c o n t e n t s  f o r c i b l y  

a d m i n i s t e r e d .to  t h e  r a b b i t .  . - . .

The d i s a d v a n ta g e s  of t h i s  te c h n iq u e  w e r e . :

(a )  The t a s k  o f  t r a n s f e r r i n g  l a r g e  numbers o f  c e r c a r i a e  from 

one c o n t a in e r  to  a n o th e r  by means o f  a g l a s s  ro d  was e x t re m e ly  

t e d i o u s .

(b) L u r in g  t r a n s f e r e n c e , ,  th e  o u te r  c y s t s  Of t h e , c e r c a r i a e  were 

l i a b l e  t o  be r u p tu r e d  or t o  be l o s t  e n t i r e l y ,  th u s  i n t r o d u c i n g  an 

u n n a tu r a l  e lem en t d u r in g  i n f e c t i o n .

(c )  The c e r c a r i a e  a d h e re d  to  th e  w a l l  o f  t h e  d o s in g  tu b e  o r  to  

th e  s i d e s  o f  th e  p i p e t t e .  The use  o f  l i q u i d  p a r a f f i n ,  s i l i c o n e ,  

wax o r  w e t t i n g  a g e n ts  to  c o a t  t h e  g l a s s  was o f  l i t t l e  v a l u e .

( a ) /
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(d). D u ring  a d m i n i s t r a t i o n  th e  r a b b i t s  te n d e d  to  cough and so t o  

lose , some o f  th e  f l u i d .

When t h i s  method was u sed  th e  fo l lo w in g  numbers of f l u k e s  

were o b ta in e d  whén each  o f  12 r a b b i t s  was i n f e c t e d  w i th  50 7 -d ay  

o ld  c e r c a r i a e  and k i l l e d  .63 days a f t e r  i n f e c t i o n  : .

1 ,  2 , 2, 3 , 6, 6 , 8 , 12 , 13 , 14 , 17 and 20 ,

The a v e ra g e  number o f  f l u k e s  i n  each  r a b b i t  was 8 .7  1 6 ,4 .

-V arious o th e r  t e c h n iq u e s  o f  i n f e c t i o n  were t r i e d ,  in c lu d in g  

g e l a t i n e  c a p s u le s  and th e  stom ach tu b e .  The g e l a t i n e  c a p s u le s  

te n d e d  t o  d i s s o l v e  i n  c o n t a c t  w ith  d ro p s  o f  w a te r ;  i t  was im p o s s ib le  

t o  coun t t h e  c e r c a r i a e  o n ce  th e y  were i n  th e  c a p s u le ;  and d o s in g  was 

e x t re m e ly  d i f f i c u l t  b e c a u se  o f  t h e  lo n g  p a l a t e  of t h e  r a b b i t .  The 

stom ach tu b e  had th e  d i s a d v a n ta g e  t h a t  th e  c e r c a r i a e  a d h e re d  to  t h e  

s i d e s . o f  th e  s y r in g e  and tu b e .

The f o l lo w in g  m ethod was f i n a l l y  ad o p ted  r

The " sh e d d in g "  tu b e  was l i n e d  w i th  a C e llo p h a n e  c y l i n d e r  made 

by f o l d i n g  a  r e c t a n g l e  of C e llo p h an e  a round  a g l a s s  r o d .  I t  was th e n  

f i l l e d  t h r e e - q u a r t e r s  f u l l  w i th  v /a te r ,  t h e  s n a i l  i n s e r t e d  and th e  

tu b e  co rk e d .  The c e r c a r i a e  e n c y s te d  on th e  C e l lo p h a n e , ;  u s u a l l y  a t  

w a te r  l e v e l .  The s n a i l  was removed, th e  w a te r  d r a in e d  o f f ,  and th e  

tu b e  was s t o r e d  i n  a c o o l  dark  cu p b o a rd  i n  a s a t u r a t e d  a tm o sp h e re .  

W hen.the c e r c a r i a e  were r e q u i r e d ,  t h e  C e llo p h a n e  was removed . 

from th e  tu b e  w ith  f o r c e p s  and s p re a d  out f l a t  on a  w a tc h g la s s .  A 

p ie c e  o f  C e llo p h an e  c o n ta in in g  th e  r e q u i s i t e  number o f  c e r c a r i a e  was 

c u t  ou t w i th  a s c a l p e l  b la d e .  I t  was u s u a l l y  c o n v e n ie n t  t o  t a k e  a  

p i e c e /
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p ie c e  o f  C e llo p h an e  w hich  was a t  w a te r  l e v e l  and. w hich c o n ta in e d  a  

l a r g e  number of c e r c a r i a e  i n  a  sm a l l  a r e a .  T h is  p i e c e  o f  C e llophane  

was p la c e d  on a s l i d e  and exam ined m i c r o s c o p i c a l l y  t o  e n s u re  t h a t  

none o f  th e  c e r c a r i a e  was damaged. The C e llo p h an e  w a s . th e n  i n s e r t e d ,  

u n fo ld e d  i f  p o s s i b l e ,  i n  a s m a ll  p i e c e  o f  cabbage s t a l k  and f e d  to  

t h e .r a b b i t  by hand . O r d i n a r i l y  th e  r a b b i t  a t e  th e  cabbage and 

C e llophane  w ith o u t  any d i f f i c u l t y ,  e s p e c i a l l y  i f  f e d  a t  th e  u s u a l  

f e e d in g  t im e .

T h is  m ethod when used  to  i n f e c t  each o f  3:2 r a b b i t s  w i th  50 

7 -d ay  o ld  c e r c a r i a e  gave t h e ' f o l l o w i n g  number o f  f l u k e s  when th e  

r a b b i t s  were k i l l e d  a f t e r  63 days :

4, 6 , 6, 6, 6, 6, 7 , 11 , 12 , 1 3 , 15, 16, l 8 ,  18 , 18 , 1 9 ,  20, 20,

22, 22, 25, 25, 25, 25, 25, 25, 27, 27, 27, 30 , 34 , and 35.

The av e ra g e  number o f  f l u k e s  i n  each r a b b i t  was 1 8 .6  -  8 .8 .

T h is  m ethod would p ro b a b ly  a l s o  be s a t i s f a c t o r y  f o r  i n f e c t i n g

sheep  or c a t t l e  w i th  l a r g e  o r  sm a ll  numbers o f  c e r c a r i a e .

TABLE 1 /
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TABLE I

Number of A dult F lu k e s  O b ta in e d .f ro m  4 Croups o f  R a b b i t s  I n f e c t e d  
by F eed in g  C e rc a r ia e  E n c y s te d  on C e llo p h a n e , Each Croup R ece iv ed  
C e rc a r ia e  from  a  D i f f e r e n t  S n a i l  and. Each R a b b it  R e c e iv e d  50 C e rc a r ia e

. 1

"1
B reed
(Sex)-^

1 .

1

'Yt-' 
; - j  ■ ■■,

- • ‘ . I ■

No,, o f '
f l u k e s  V *

At . No. o f  
f lu k e s  i n  ea t 
. group .

■ ' S n a i l  D ; 7 D utch fS'} 11, . 1 5 .7
D utch ci’j 15
D utch Cf) 22

S n a i l  E D utch (F) 12 16.3.
D utch IF) 15  .
Dutch 22

S n a i l  F yO .E :4 y.o . cf) ,, 19 2 4 .3
D utch (F) 27

.. y ;7-.0, ' E, XyO. : 27

. S n a i l ,  Ç: y 'D u t c h  Xf ) • ' . i t  . : 2 0 .5 ,
Dut ch CF} 3:0

Average Number o f  f l u k e s p e r  r a b b i t , 1 9 .4 Î  6 .6 .

(E) r e f e r s  t o  f e m a le ;  CM] r e f e r s  to  male,.

E xperim en t 21 To S tudy  th e  E f f e c t  o f  th e  Uses of. C e rc a r ia e  
from  D i f f e r e n t  S n a i l s  on t h e  I n f a c t i v i t y  o f  C e r c a r i a e  o f

h e p a t ic a .  '

In  t h i s  e x p e r im e n t  4 groups- o f  r a b b i t s  w ere  each  i n f e c t e d  w i th  

c e r c a r i a e  from  d i f f e r e n t  s n a i l s ,  each  r a b b i t  r e c e i v i n g  50 7 -d ay  o ld  

c e r c a r i a e . The r a b b i t s  were k i l l e d  63 daÿs a f t e r  i n f e c t i o n  and t h e  

r e s u l t s  a r e  r e c o r d e d  i n  Table I .

I t  i s  é v id e n t  t h a t  t h e  u se  o f  c e r c a r i a e  from  d i f f e r e n t  s n a i l s  

d o e s /  ■ ’ .' - .



1 1 ,

does n o t  m a rk e d ly  i n f l u e n c e  t h e  number oif a d u l t  f l u k e s  i n  a n  

i n f e c t e d  r a b b i t .  However, i n  t h i s  ex p e rim en t th e  r a b b i t s  w i th  

one e x c e p t io n  were a l l  f e m a le .  I n  o rd e r  to  d e te rm in e  i f  t h e  

i n f e c t i v i t y  o f  c e r c a r i a e  i s  i n f lu e n c e d  by th e  sex  o f  th e  r a b b i t  

a  f u r t h e r  e x p e r im e n t was c a r r i e d  o u t .

E xperim en t 3 : To S tudy  th e  E f f e c t  o f  th e  Sex o f  t h e  R a b b i t
on th e  I n f e c t i v i t y  o f  C e rc a r ia e  o f  F. h e p a t i c a

Ten c a s t r a t e d  m ale r a b b i t s  and 10 fem a le  r a b b i t s  were each

i n f e c t e d  w i th  50 7 -d ay  o l d .c e r c a r i a e  e n c y s te d  on C e l lo p h a n e ,  and

k i l l e d  63 days l a t e r .  The r e s u l t s  a r e  r e c o r d e d  i n  Table  I I .

TABLE I I

The Average Number o f  A dult F lu k e s  i n  Male and Female R abbits . 63 
Lays a f t e r  Each was I n f e c t e d  w ith  50 C e r c a r ia e  E n c y s te d  on C e llo p h an e

,B reed
M a l e s ,

No. o f  
f l u k e s

' F em ales 
* B reed

3 -
No. o f  
f l u k e s

D utch 4 . ■?. • 6
?• ' D utch 11
? 7 Dutch 12

O.E. X C, 16 Dutch 13
D utch 18 Dutch 1,5
O.E. X C. 20 Dutch 22
Dut oh 25 Dut ch 22
D utch 25 - O.E. X C. 27
O.E. X C, 27 Dutch 27

? 35 Dutch , . 30

Average number o f  f l u k e s Average number o f  f l u k e s
. 1 8 ,3 jr 1 0 .2 1 8 ,5  t  8 .2

I t  a p p e a r s  t h e r e f o r e  t h a t  th e  sex  o f  a r a b b i t  does n o t  

i n f lu e n c e  i t s  s u s c e p t i b i l i t y  to  i n f e c t i o n .

. DISCUSSION/



1 2 .

DISCUSSION

In  th e s e  e x p e r im e n ts  an  a t te m p t  h as  been  made to  d e te rm in e  th e  

av e ra g e  number, o f  A dult F a s c i o l a  h e p a t i c a  which developed- from  a  

g iv e n  number o f  c e r c a r i a e  f e d  to  a. r a b b i t .  ' The v a r i a t i o n s  around

t h i s  a v e ra g e ,  and some o f  t h e  f a c t o r s  i n f l u e n c i n g  t h e s e ,  have a l s o

b e e n ,s tu d i e d .

I t  would a p p e a r  t h a t ,  when c e r c a r i a e  o f  th e  same age a re  u sed , 

two of th e  m ain  f a c t o r s  i n f l u e n c i n g  th e  " ta k e "  a re  t h e  method o f  

i n f e c t i o n  and th e  n a t u r a l  r e s i s t a n c e  o f  th e  i n d i v i d u a l  r a b b i t .  

V a r i a t i o n  due to  t h e  f i r s t  f a c t o r  may be a lm o s t e l im in a t e d  by th e  

use  o f  a t e c h n iq u e  i n  w hich  i t  i s  c e r t a i n  t h a t  th e  r a b b i t  h as  

sw allow ed th e  r e q u i s i t e  number o f  V iab le  c e r c a r i a e .  The a d v a n ta g e s  

o f  t h e  C e llo p h an e  i n f e c t i o n  te c h n iq u e  h a v e  been  d e s c r ib e d  p r e v io u s l y  

and , assum ing  t h a t  th e  r a b b i t  h a s  e a te n  a l l  t h e  cabbage c o n ta in in g  

th e  C e llo p h a n e ,  th e  o n ly  v a r i a b l e  w i th  t h i s  method i s  th e  p o s s i b i l i t y  

o f  damage to  th e  c e r c a r i a e  by th e  t e e t h  o f  th e  r a b b i t .  The te rm  

" n a t u r a l  r e s i s t a n c e "  i s  used; h e r e  i n  a b ro ad  se n se  and i n c lu d e s ,  as  

w e l l  as  r e s i s t a n c e  o f  a  g e n e t i c  o r i g i n ,  such f a c t o r s  l i k e l y  to  

in f lu e n c e  n a t u r a l  r e s i s t a n c e  a s  th e  amount o f  food  i n  th e  a l im e n ta r y  

t r a c t  a t  th e  t im e  of i n f e c t i o n  o r  th e  p o s s i b i l i t y  o f  damage to  th e

c e r c a r i a e  by th e  t e e t h  o f  th e  r a b b i t .

I n  th e s e  e x p e r im e n ts ,  th e  n a t u r a l  r e s i s t a n c e  of th e  r a b b i t s  to  

i n f e c t i o n  w i th  c e r c a r i a e  o f  F . h e p a t i c a  a p p e a re d  t o  v a ry  w i t h i n  

q u i t e  wide l i m i t s ,  and i t  i s  i n t e r e s t i n g  to  compare th e  r e s u l t s  

r e c o r d e d /
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r e c o r d e d  h e re  w i th  th o s e  o b ta in e d  by Montgomerie (.1928) i n  th e  

a r t i f i c i a l  i n f e c t i o n  of sheep  w i th  F. h e p a t i c a . Thirty-^two sheep 

were i n f e c t e d  w ith  a  t o t a l  o f  2 ,5 5 0  c e r c a r i a e ;  3 7 ,4 ^  o f  th e s e  

c e r c a r i a e  d ev e lo p ed  and were r e c o v e r e d  a t  a d to p sy  14 weeks a f t e r , 

i n f e c t i o n ;  th e  s m a l l e s t  i n f e c t i o n  was 8^ and th e  h e a v i e s t  76^.

The r e s u l t s  r e c o r d e d  h e r e  show t h a t  th e  a v e ra g e  number o f  f l u k e s  

i n  32 r a b b i t s  i n f e c t e d  w ith  a t o t a l  o f  1 ,6 0 0  c e r c a r i a e  was 3 7 .2 ^ ;  

t h e  s m a l l e s t  i n f e c t i o n  was 8^ and th e  h e a v i e s t  70^L

.T h e  age ra n g e  o f  th e  c e r c a r i a e  used  i n  M o n tg o m e rie 's  ex p e rim en t 

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

sheep  to  i n f e c t i o n  w i th  F. h e p a t i c a  i s  abou t the. same; l e v e l  and 

w i th in  th e  same l i m i t s  as  t h a t  o f  th e  r a b b i t .

Evans and 8 t  i r e  w a i t  (.1951), d i s c u s s i n g  th e  i n f e c t i v i t y  o f  

S ch is to so m a  m ansoni i n  m ice , co n c lu d ed  t h a t  s t a t i s t i c a l l y  

s i g n i f i c a n t  v a r i a t i o n s  o c c u r re d  i n  th e  i n f e c t i v i t y  o f  t h e  

c e r c a r i a e  o b ta in e d  th ro u g h o u t  t h e  l i f e  o f  th e  h o s t  s n a i l  and th e y  

s u g g e s t  t h a t  t h e s e  v a r i a t i o n s  a r e  d i r e c t l y  r e l a t e d  to  th e  

f l u c t u a t i n g  p h y s i o l o g i c a l  c o n d i t i o n  o f  t h e  h o s t  s n a i l .  I n  our 

e x p e r im e n ts  th e  s n a i l s  i n v a r i a b l y  d ie d  w ith in '  3 o r  4. days a f t e r  

f i r s t  sh e d d in g  c e r c a r i a e  and t h i s  f a c t o r  was. n o t  s t u d i e d .

The use  o f  c e r c a r i a e  from  d i f f e r e n t  s n a i l s  and th e  sex  o f  

th e  r a b b i t s ,  a t  l e a s t  a s  f a r  a s  f e m a le s -a n d  c a s t r a t e d  m a les  a re  

co n c e rn ed , do h o t  a p p e a r  to  i n f lu e n c e  m arked ly  th e  d e g re e  o f  

i n f e c t i o n .

The two b re e d s  o f  r a b b i t s  used  were no t i d e a l l y  d i s t r i b u t e d  

t o  d e te rm in e  t h e i r  p r e c i s e '  im p o r ta n ce  b u t ,  on th e  a v a i l a b l e  

e v i d e n c e /
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e v id e n c e ,  the. b r e e d  seems to  have  no e f f e c t  on th e  d e g re e  o f  

i n f e c t i o n .

. SUIMARY

1 . The p o s s i b l e  f a c t o r s  which i n f lu e n c e  th e  number of a d u l t  

f l u k e s  d e v e lo p in g  i n  a r a b b i t  from a g iv e n  number o f  c e r c a r i a e  

a r e  d e s c r ib e d .

; E x p e r im en ts  were c a r r i e d  ou t to  d e te rm in e  th e  im p o r ta n c e  .

Of some o f  th e se  fa c to r s .;  ,

3. I t  i s  co n c lu d ed  t h a t  two of th e  m ost im p o r ta n t  f a c t o r s  

d e te rm in in g  th e  number o f  f l u k e s  d e v e lo p in g  from a  g iv e n  number 

o f  7 -day  o ld  c e r c a r i a e  a r e  th e  te c h n iq u e  o f  i n f e c t i o n  and th e  

n a t u r a l  r e s i s t a n c e  o f  th e  r a b b i t .

4 . -S e v e ra l  m ethods o f  i n f e c t i n g  r a b b i t s  w i th  c e r c a r i a e  of 

'£• h e p a t i c a  a r e  d e s c r ib e d  an d  d i s c u s s e d ,  and d e t a i l s  a r e  g iv e n  

o f  a  s im p le ,  r a p i d  and e f f i c i e n t  t e c h n iq u e .

5. The n a t u r a l  r e s i s t a n c e  of  th e  sheep  t o  i n f e c t i o n  w i th  F . 

h e p a t i c a  a p p e a r s  t o  be ab o u t  th e  : same l e v e l  and w i t h i n  th e  same 

l i m i t s  a s  t h a t  o f  t h e  r a b b i t .

6 . When a - t e c h n iq u e  o f  i n f e c t i o n  w as .u sed  i n  w hich  th e  

c e r c a r i a e  were e n c y s te d  on C e llo p h an e  and , when 7 days  o ld ,  f e d  

i n  cabbage i n  d o ses  o f  50 c e r c a r i a e ,  th e  a v e ra g e  n u m b e r . o f  f lu lce s  

i n  32 r a b b i t s  k i l l e d  63 days, a f t e r  i n f e c t i o n  was 1 8 .6  £  8 .8 ,

7 . - The b re e d  and sex  o f  th e  r a b b i t s  u sed  or. t h e  use o f  c e r c a r i a e  

from  d i f f e r e n t  s n a i l s  p la y e d  no s i g n i f i c a n t  p a r t  i n  d e te rm in in g  th e  

degree, o f  . i n f e c t i o n .

NOTE:/
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NOTE: R e c e n t ly ,  a s l i g h t l y  d i f f e r e n t  method o f  i n f e c t i n g  r a b b i t s

w i th  c e r c a r i a e  h a s  b e e n  employed. The p ie c e  o f  C e llo p h a n e  c o n t a i n - . 

in g  th e  r e q u i s i t e  number o f  c e r c a r i a e  i s  i n s e r t e d  i n t o  a. sm a ll  

g e l a t i n e  c a p s u le  ; th e  . l a t t e r  is. p laced- i n  a  " b a l l i n g  gun” c o n s t ru c te d  

o f  two s h o r t  l e n g t h s  o f  p o ly th e n e . t u b i n g ,  one i n s i d e  th e  o th e r ,  and 

t h e  c a p su le  i s  f o r c i b l y .fed ' to. t h e  an im a l .

W ith t h i s  m ethod, th e  r a b b i t  c a n n o t r e f u s e  to  sw allow  th e  

C e llophane  and the . p o s s i b i l i t y  o f  damage- t o  t h e  c e r c a r i a e  by i t s  

t e e t h  i s  e l im in a t e d .  .. Only a sm a ll number o f  r a b b i t s  h a s  b ee n  

i n f e c t e d  by t h i s  method and th e  r e s u l t s  a r e  s i m i l a r  t o  ho se  

d e s c r ib e d ,  above . ^
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- _ OTIROBUQIION

A d e g re e  of, anaem ia i s  r e c o g n i s e d  a s  a c h a r a c t e r i s t i c  f e a t u r e  

o f  c h ro n ic  i n f e c t i o n  w ith  g a s c i o l a  h e p a t i c  a i n  sheep  and c a t t l e  

and; .e a c h ;h f  . t h r e e  s t a n d a r d  te x tb o o k s  on v e t e r i n a r y  h e lm in th o lo g y  

makes r e f e r e n c e  to  t h i s  f a c t .  Cameron (1951) s t a t e s  t h a t ,  " th e  

f l u k e s  f e e d  on b lo o d  and b i l e ,  b u t  any l o s s  from  t h i s  s o u rc e  i s  

g e n e r a l l y  e a s i l y  r e p l a c e d  by th e  h o s t  . . . . .  t h e  m ost p ro fo u n d  

g e n e r a l  e f f e c t ,  how ever, a p p e a r s  to  be due to  a  s p e c i f i c  t o x i n  

s e c r e t e d  by th e  f l u k e ,  c a u s in g  a more or l e s s  p ro fo u n d  anaem ia.

01 u n ie  s., Ross and Gordon (1936) r e c o r d  t h a t  " th e  p r o d u c t io n  o f  a  

h a e m o ly t ic  t o x i n  by th e  f la lee  l e a d s  to. th e  d e s t r u c t i o n  o f  t h e  r e d  . 

b lo o d  c o r p u s c l e s . " F i n a l l y ,  Monnig, (1950) s t a t e s  t h a t  th e  f l u k e s  

f e e d  "on l i v e r  t i s s u e  and b lo o d " ,  and t h a t  t h e  p a r a s i t e s  "p roduce  

a h a e m o ly t ic  t o x i n . "

In  each  o f  t h e s e  b o o k s , r e f e r e n c e  i s  made to  a  t o x i n ,  i n  two 

o f  them to  a h a e m o ly t ic  t o x i n ,  a s  b e in g  r e s p o n s i b l e  f o r  t h e  anaem ia 

a s s o c i a t e d  w i th  f a s c i o l i a s i s .  A lthough  none o f  th e  a u t h o r s  c i t e s  

any r e f e r e n c e  i n  s u p p o r t  o f  t h i s  s t a te m e n t ,  th e  l a t t e r  i s  p ro b a b ly  

e x t r a c t e d  from  th e  c o n c lu s io n s  o f  Marconb and of B a l i a n .  Marcone. 

(1940) c la im ed  t h a t  th e  s e r a  of f l u k e - i n f e c t e d  sheep  had  a  haemo- 

l y t i c  e f f e c t  on norm al r e d  c e l l s .  B a l ia n  (1940) i n  a s tu d y  o f  th e  

anaem ia i n  n a t u r a l l y  i n f e c t e d  sheep  o b se rv ed  m a c ro c y to s i s  and 

c o n c lu d e d ,  a p p a r e n t l y  by an a lo g y  w ith  some human h aem o ly tic . 

a n a em ias ,  t h a t  a  h a e m o ly t ic  f a c t o r  was p r e s e n t ;  he a l s o  p o s t u l a t e d ,  

i n  o r d e r  to  e x p l a i n  ,th e  s e v e r i t y  o f  . th e  anaem ia , t h a t .  th e .  f l u k e s  

h a d /
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had a  s p e c i f i c  d e p re s s a n t ,  a c t i o n  on th e  h ae m o p o ie t ic  t i s s u e .

, - . A part from  th e  p a p e r s  o f  t h e s e  two a u t h o r s ,  t h e r e  a r e  few 

r e f e r e n c e s  to  th e ,  e t i o l o g y  o f  th is ,  anaem ia i n  s c i e n t i f i c  j o u r n a l s .  

In  1908 G U erini d em o n stra ted tw o  ty p e s  o f  s e c r e t o r y  c e l l s  i n  th e  

c u t ic u lu m  of p .  h e p a t i c a  and su g g e s te d  t h a t  th e  s e c r e t i o n s  o f  t h e s e  

c e l l s  may he ab so rb ed  and d e s t r o y  th e  re d  c e l l s ;  more r e c e n t l y ,  

Holman (1945) h a s  s u g g e s t e d . t h a t  .an a p l a s t i c  anaemia, m igh t occu r 

i n  f l u k e —in fe c te d -  sh e e p ,  due to  e x t e n s iv e  l i v e r  d e s t r u c t i o n .

.The n a t u r e  o f  t h e  food  of F . h e p a t i c a , a  p rob lem  w hich  h as  

b een  th e  s u b j e c t  of p ro lo n g e d  c o n t ro v e r s y ,  i s  o f  p o s s i b l e  i n t e r e s t  

w i th  r e g a r d  to  th e  e t i o l o g y  of th e  anaem ia. M u lle r  (1923) examined 

t h e  - g u t  c o n te n t  s. o f  f l u k e s  m ic r o s c o p ic a l l y  and found  n e i t h e r  haemo­

g lo b in  nor r e d  b lo o d  c e l l s .  W einland and -Brand (1926) examined 

m ic r o s c o p ic a l l y  1 2 ,0 0 0  F., h e p a t i c a  from  148 sh e e p ;  th e y  conc luded  

t h a t  th e  f l u k e s  f e e d  on t i s s u e  e le m e n ts  and in f la m m a to ry  e x u d a te s  

b u t n o t  on b lo o d .  They a l s o  c la im ed  t h a t ' th e  p a r a s i t e s  i n h a b i t  

th e  l a r g e r  b i l e  d u c t s  and g a l l  b la d d e r  and m ig ra te  i n to  t h e  s m a l le r  

b i l e  d u c ts  to  f e e d .  R e c e n t ly ,  how ever, S tep h en so n  (1947) on th e  

b a s i s  of h i s t o l o g i c a l ,  h i s to c h e m ic a l  and s p e c t r o s c o p ic  e x a m in a t io n  

o f  th e  g u t c o n t e n t s  o f  F. h e p a t i c a  conc luded  t h a t  th e  a d u l t s  f e e d  

m a in ly ,  i f  . n o t  e x c l u s i v e l y ,  on b lo o d .

Since i t  i s  known th a t th e .r a b b it  i s  a s u ita b le  hos t  o f  

F. h e p a tic a  (Montgomery 1931; T aylor, 1949; Û rquhàrt, t h i s  

t h e s i s )  a s e r ie s  o f . experim ents on r a b b its  was p lanned in

a n /  ' ■ .
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an  a t te m p t  t o  o b t a i n  d e t a i l s  o f  th e  anaem ia. L a t e r ,  i t  was found  

d e s i r a b l e  to. compare th e s e  d e t a i l s  w i th  th e  b lo o d  changes  p roduced  

in  r a b b i t s  by r e p e a t e d  haem orrhage and by l i g a t i o n  o f  th e  common 

b i l e  d u c t .  From t h e  r e s u l t s  o b ta in e d  i t  was p o s s i b l e  to  d i s c u s s  

some f a c t o r s  .concerned i n  th e  e t i o l o g y  o f  th e  anaem ia .

MATERIALS AND MFTHQDS

The s n a i l  h o s t  o f  F. h e p a t i c a , Lymnaea t r u n c a t u l a  was c u l t u r e d  

a c c o r d in g  to  th e  method d e s c r ib e d  by T ay lo r  and Mozley (1 9 4 8 ) .  , The 

s n a i l s  were i n f e c t e d  when abou t 6 weeks* o ld  w i th  m i r a c i d i a  o b ta in e d  

by in c u b a t in g  b i l e  from  i n f e c t e d  sheep  l i v e r s  a t  2G^G. The c e r o a r i a e  

were c o l l e c t e d  and th e  r a b b i t s  i n f e c t e d  by th e  m ethods d e s c r ib e d  i n  

th e  f i r s t  s e c t i o n  o f  t h i s  t h e s i s .

H a e m a to c r i t  e s t i m a t i o n s  were c a r r i e d  ou t u s in g  W in trobe  

h a e m a to c r i t  tu b e s  w hich  were spun a t  3 ,0 0 0  r .p .m .  f o r  1 hou r  i n  an  

M, S .E , M inor C e n t r i f u g e  and haem oglob in  e s t i m a t i o n s  w i th  th e  M.R.O. 

Grey Wedge P h o to m ete r  (K ing £ t  1 9 4 8 ) , P lasm a b i l i r u b i n  e s t im a ­

t i o n s  were a l s o  c a r r i e d  o u t w ith  t h i s  in s t ru m e n t  o r  w i th  th e  E .E .L , 

C o lo r im e te r ,  f o l lo w in g  th e  p ro c e d u re  d e s c r ib e d  by K ing  (1 9 5 1 ) .  The 

s p e c t r a l  a b s o r p t i o n  cu rv e  o f  th e  p lasm a was exam ined f o r  e v id e n c e  

o f . t h e  p re s e n c e  o f  b i l i v e r d i n  u s in g  a  tJnicam S .P , 500 P h o t o e l e c t r i c  

Spectrophom e.ter ( s e e  Appendix B ) , The method used  f o r  t h e  e s t i m a t i o n  

of a l k a l i n e  p h o s p h a ta s e  was e s s e n t i a l l y  t h a t  d e s c r ib e d  by K ing (1951) 

e x c e p t  t h a t .t h e  r e a c t i o n  was c a r r i e d  ou t a t  pH 9 u s in g  a b a r b i to n e  

b u f f e r .  B lood f  i lm s and marrow sm ears w ere s t a i n e d  by Leishm an, and 

i f /  ■ ,
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i f  a r é t i c u l o c y t e  coun t was d e s i r e d ,  a 1/  s o l u t i o n  o f  b r i l l i a n t  

c r e s y l  b lu e  i n  norm al s a l i n e  was used . The marrow s e c t i o n s  were 

s t a i n e d  w ith  Giemsa, Maximow, h a e m a td x y lin  and e o s in ,  and P r u s s i a n  

b lu e .  The r e d  c e l l  f r a g i l i t y  t e s t  was c a r r i e d  b.ut by th e  method 

d e s c r ib e d  by W hitby and B r i t t o n  (1950.) w hich i s  b ased  on G re e d 's  

techn iq ;ue ; th e .  p o i n t s  r e c o r d e d  were th o s e  a t  w hich h a e m o ly s is  

commenced and th o s e  a t  which it ,  was co m p le te . The c o a g u la t io n  tim e 

o f  th e  b lo o d  was d e te rm in e d  by th e  c a p i l l a r y  tube, method o f  W right 

and O olebrook (1 921). P lasm a p r o t e i n s  were e s t im a te d  e i t h e r  by t h e  . 

B iu r e t  method o r  by th e  copper s u lp h a te  s p e c i f i c  g r a v i t y  method 

d e s c r ib e d  by P h i l l i p s  e i  (1 9 4 7 ). The b e n z id in e  and haem in t e s t s  

were c a r r i e d  out a s  d e s c r ib e d  by Hawke, . Oser and.Summerson (1 9 4 7 );  

a l l  s o l u t i o n s  f o r  t e s t i n g  were b o i l e d  b e fo re  t h e  b e n z id in e  t e s t  was 

p e rfo rm e d . ...

The d ia m e te r s  o f  th e  r e d  c e l l s  were m easured  on h e a t —f ix e d  

f re sh .-sm e a rs , .  ■ s t a i n e d  by Leishiuan. The te c h n iq u e  o f  m easurem ent 

was e s s e n t i a l l y  t h a t  d e s c r ib e d  by G oldberg , Ham m arsten,’ H e lls tro m ^  

L in d g re h  and Plum (1 9 5 0 ) ;  200 c e l l s  i n ,e a c h  smear were m easured .

Red c e l l  d ia m e te r  d i s t r i b u t i o n  c u rv e s  were c o n s t r u c t e d  from th e s e  

m easu rem en ts ; th e s e  c u rv e s  were smoothed b y . th e  method d e s c r ib e d  ■ 

by Mogensen (1 9 3 8 ).

Ten r a b b i t s  were i n f e c t e d  w ith  100 c e r c a r i a e  and. 25 r a b b i t s  

w i th  50 c e r c a r i a e .  Thé b lo o d  o f  t h e  f i r s t  group was examined 

r e g u l a r l y  over a p e r io d  which i n  some o f  th e  r a b b i t s  e x te n d e d  

over  18 months ; th e  b lo o d  of th e  second  group, was examined a t  

i n f r e q u e n t /  - ,  ‘ .



20.

i n f r e q u e n t  i h t e r y a l s . -  Each b lo o d  sample was o b ta in e d  from  th e  e a r  

v e i n  by th e  f o l lo w in g  m ethod: The e a r ,was l i g h t l y  swabbed 'w ith

x y l o l  e x c e p t  .around th e  m a r g in a l ; v e in .  This a r e a ,  p r e y io U s ly  shaved , 

was, swabbed w ith  a l c o h o l  an d .sm eared  w ith  V a s e l i n e . \  The v e i n  was 

r a i s e d  by d i g i t a l  co m p re ss io n  and th e n  c u t .  When th e  b lood , f low ed  ' 

f r e e l y  2 .5  m l.w e re  c o l l e c t e d  i n  a b i j o u  b o t t l e  w hich  oo n taine.d 

W introbe * s a n t i c o a g u l a n t . 'c r y s t a l s ^  A f te r  th e  ' sample was c o l l e c t e d ,  

b le e d in g  w a s . s to p p e d  im m ed ia te ly  and th e  .,ear swabbed w i th  a lc o h o l  ■ 

and d r i e d .  Bone marrow b i o p s i e s  were c a r r i e d  o u t , under p e n t o th a l  

a n a e s t h e s i a  i n  th e  f o l lo w in g  m a n n e r . ; A h o le  was d r i l l e d  i n  th e  . - 

p ro x im a l .end o f  th e  t i b i a ;  marrow f ra g m e n ts  were a s p i r a t e d  f ro m . 

t h i s  h o le  w i th  a  1 c c .  s y r in g e  f i t t e d  w i th  a b lu n t - p o in te d .h y p o d e r m ic  

n e e d le .  'The; a s p i r a t e d ,  m a te r i a l ,  was e x p e l le d  i n to  a w a tch g lass :  and 

sm ears w ere made from  th e  marrow f ra g m e n ts .  When each  r a b b i t  d ie d  

or  was. k i l l e d ,  i t  was a u to p s ie d  and thO; number o f  F. h e p a t ic a ,  i n  th e  

l i v e r  was ’d e te rm in e d ;  b lo c k s  o f  l i v e r , s p le e n  and bone; marrow were 1 

removed f o r  h i s t o l o g i c a l  e x a m in a t io n .

A pprox im ate ly  25 norm al r a b b i t s  were k i l l e d  a t  v a r i o u s : t i m e s  

i n  o rd e r  to  o b ta in  s e c t i o n s  of normal, t i s s u e s .  I n  th e  tw o/ r a b b i t s  

in ; w h ich  an  a r t i f i c i a l  p o s t -h a e m o r rh a g ic  anaem ia was p ro d u ced , b lo o d  

was rem o v e d ,i n  th e  manner d e s c r ib e d  above . The q u a n t i t y  and 

f re q u e n c y  o f  rem oval a r e  s t a t e d  i n  th e  r e l e v a n t  s e c t i o n .

The t h r e e  r a b b i t s  w hich  w e r e . s u b j e c t e d  to  l i g a t i o n  of th e  

common b i l e  d u c t  were o p e ra te d  b n  under p e n t o t h a l  a n a e s t h e s i a ,  A 

l o n g i t u d i n a l /  . .. . ' ' " b  ' ' \
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l o n g i t u d i n a l  i n c i s i o n  was made j u s t  to  th e  r i g h t  o f  m id -1 i n e , and ÿ" 

b e h in d  th é  l a s t  r i b .  The common b i l e  d u c t  was exposed  and t h i s  was : : 

l i g a t e d  w i th  s i l k  th r e a d  a t  two p o in t s ,  j u s t  above th e  duodenum.

; 1 , ;  ;, -t ; ' r e s u l t s : /  . , ’

In  each o f  th e  i n f e c t e d  r a b b i t s  a  d e g re e  o f  anaem ia was p roduced  

w hich  in  e v e ry  an im al a p p e a re d  abou t 6 weeks a f t e r  i n f e c t i o n .  I t  i s  

i n t e r e s t i n g  t h a t  i t  i s  ab o u t t h i s  t im e t h a t  th e  young f l u k e s  s e t t l e  

down in  th e  b i l e - d u o  t a  and commence t h e i r  a d u l t  a c t i v i t i e s .

E ig h te e n  o f  t h e  25 r a b b i t s  w hich r e c e iv e d  50 c e r c a r i a e  were 

k i l l e d  63 days a f t e r  i n f e c t i o n .  P ig .  8 shows th e  number o f  f l u k e s  

found  i n  th e  b i l e  d u c t s  o f  each  o f  th e s e  r a b b i t s  compared t o  th e  ; 

b lo o d  haem oglob in  o f  each  i n d i v i d u a l  im m ed ia te ly  b e f o r e  d e a th .  I t  i s  

a p p a re n t  t h a t  th e  d e g re e  o f  anaemia, i s  a p p ro x im a te ly  p r o p o r t i o n a l  to  

t h e  number of f l u k e s  found i n . t h e  b i l e -d u o ts  a t  au to p sy *

The b lo o d s  o f  t h e  1 0 . r a b b i t s  each  o f  w hich r e c e iv e d  100 c e r c a r i a e  

were s tu d i e d  i n  d e t a i l :  th e  r e s u l t s  a r e  d e s c r ib e d  be low  under  th e  -;

a p p r o p r i a t e  h e a d in g s  and i n  T able  5  ̂ F ig u re  9 c o n s i s t s  o f  g rap h s  

c o n s t r u c t e d  from  t h i s  t a b l e  to, f a c i l i t a t e  co m p ariso n  o f  the . r e d  c e l l  

c o u n t s ,  mean c o r p u s c u la r  vo lum es, mean c o r p u s c u l a r  h aem o g lo b in  - 

c o n c e n t r a t i o n s , and r e t i c u l o c y t e  c o u n ts  o f  t h e  i n d i v i d u a l  r a b b i t s .  - 

Red c e l l  c o u n t^  h a e m o g lo b in .a n d  h a e m a to c r i t .  ■

1 The a v e ra g e " r e d  c e l l  count o f  th e  10 r a b b i t s  p r i o r  to  i n f e c t i o n  . 

was 6 .0 4  i  0 .1 6  m i l l i o n  p e r  c.-mm. : T h is  r e m a in e d .u n a l t e r e d  u n t i l  

ab o u t 42 days a f t e r  i n f e c t i o n  when th e  c o u n ts  o f  e a c h  of th e  r a b b i t s ,  

e x c e p t  t h a t  o f  th e  l i g h t l y  i n f e c t e d  N217, s t a r t e d  to  f a l l  and by 60-7C

d a w  ' : ; : ' ; ,  : .  ̂ '  ̂ , -  ■ ■■



days w e re .b e lo w  4 m i l l i o n  i n  each  c a s e .

About 80 days a f t e r  i n f e c t i o n  th e  sh a rp  drop i n  t h e  r e d  c e l l  

co u n t  c e a se d  and t h e r e a f t e r  f e l l  f a i r l y  s lo w ly  o r  c o n t in u e d  to  

f l u c t u a t e  a round  a low l e v e l .  One o f  th e  r a b b i t s ,  0157s d ie d  76 

days a f t e r  i n f e c t i o n ;  on t h i s  d a te  th e  r e d  c e l l  coun t was 2 .T  

m i l l io n ,  and th e  number o f  f l u k e s  r e c o v e re d  from  th e  b i l e  d u c t s  was 

31 . The lo w e s t  r e d  c e l l  co u n t  r e c o r d e d  was 1 .8  m i l l i o n  w hich was 

t h a t  o f  0137, 84 days a f t e r  i n f e c t i o n ;  a t  a u to p sy  t h i s  r a b b i t  

p ro v ed  t o  be th e  m ost h e a v i l y  i n f e c t e d  o f  th e  t e n  and had 35 f l u k e s  

i n  i t s  b i l e  d u c t s .  At no t im e  d u r in g  t h e  c o u rse  o f  th e  e x p e r im e n ts  

d id  th e  r e d  c e l l  coun t of any o f  th e  p a r a s i t i s e d  r a b b i t s  r e t u r n  t o  

th e  norm al l e v e l .  . ,

P r i o r  to  i n f e c t i o n  th e  a v e ra g e  v a lu e  o b ta in e d  f o r  haem oglob in  

i n  th e  t e n  r a b b i t s  was 1 2 .2 8  1 0 .7 8  gm. p e r  100 m l. and f o r  th e  

h a e m a to c r i t  41 .16  ± 1 . 9 7 *  The r e d u c t io n s  i n  th e  haem o g lo b in  and 

h a e m a t o c r i t . l e v e l  a f t e r  i n f e c t i o n  w e re . a p p ro x im a te ly  p r o p o r t i o n e d  

to  th o se ,  o f  t h e  r e d  c e l l  c o u n ts  and th e  s i g n i f i c a n c e  of t h e s e  changes 

i s  d i s c u s s e d  under th e  h e a d in g s  o f  M.C.V. and M.C.H.O,

Mean C o rp u sc u la r  volum e.

B e fo re  i n f e c t i o n  th e  M.O.V. o f  th e  r e d  c e l l s  o f  t h e  10 r a b b i t s  

was 67»3 -  2 .7  c.yw. As anaem ia  d e v e lo p e d  i n  each  o f  t h e s e  r a b b i t s  

th e  M.O.V. r o s e  t o  be tw een  TO and 90 c.yi, and a lm o st w i th o u t  e x c e p t io n  

rem a in ed  e l e v a t e d .  The two h i g h e s t  mean c o r p u s c u la r  volum es w hich 

were r e c o r d e d  were 108 c.yt* and 96 c.yW. The fo rm e r  o c c u r r e d  i n  H251 

128 days a f t e r  i n f e c t i o n  when t h e  r e d  c e l l  co u n t was 3*3 m i l l i o n  and 

t h e /



23

t h e  l a t t e r  i n  0703:, and 0469, 120 and 124 days a f t e r  i n f e c t i o n  

r e s p e c t i v e l y ;  th e  r e d  c e l l  coun t . o f  each  a t  t h a t  t im e  was 3*4 

m i l l i o n .

A ppearance o f  r e d  c e l l s >

I f  a  b lo o d - f i lm  from any o f . t h e  anaem ic r a b b i t s  was s t a i n e d  

w i th  Leishm an, and t h e  r e d  c e l l s  compared to  th o s e  o f  a s i m i l a r l y  

s t a i n e d  f i l m  o f  norm al r a b b i t  b lo o d , ,  i t  was u s u a l l y  o b v io u s  t h a t  . 

th e  r e d  c e l l s  o f  t h e  f l u k e —in fe .c te d  r a b b i t s  were l a r g e r  (F ig s .  10 

and 1 1 ) .

P o ly c h ro m as ia  was a l s o  a c h a r a c t e r i s t i c  f e a t u r e  o f  th e  r e d  

c e l l s  from th e "a n a e m ic  r a b b i t s .  In  s e v e re  c a s e s  a n i s o c y t o s i s  was 

c o n s id e r a b le ,  th e  r e d  c e l l s  were p a le  and showed marked r i n g  s t a i n ­

in g  and  n o rm o b la s ts  were o c c a s i o n a l l y  n o te d .  B a s o p h i l i c  s t i p p l i n g  

o r  s p h e r o c y to s i s  was n o t  o b se rv e d .

To c o n f irm  th e  p re s e n c e '  o f  m a c r o c y to s i s ,  th e  d ia m e te r s  o f  200 

r e d  c e l l s  from  each  o f  f o u r  anaemic, r a b b i t s  were m e asu red , and th e  

mean d ia m e te r  o f  th e  r e d  c e l l s  o f  each  r a b b i t  com pared to  th e  mean 

d ia m e te r ,  o f  each  b e f o r e  i n f e c t i o n .  The r e s u l t s . ih /T a b lê -  3'7. ' 3

show t h a t  m a c r o c y to s i s  i s  a c h a r a c t e r i s t i c  f e a t u r e  o f  th e  anaem ia. 

T h is  a s p e c t  o f  th e  anaem ia i s  d e a l t  w ith , a t  some l e n g t h  i n  th e  

d i s c u s s i o n .

TaBle 3 /
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T able  3'.: The^ i n c r e a s e  i n  th e  mean d ia m e te r  cf t h e  r e d  c e l l s  o f
4 r a b b i t s  s u f f e r i n g  from  anaemia, due to  F, h e p a t i c a

,  — » ,    in W Éi n f e c t i o n .

R a b b it

0137

0460

0469

0703-,

Mean D ia m e te r  . 
b e f o r e  I n f e c t i o n ,

6*9:5

7 ,0 5

6.45

6 , 2

Mean D iam ete r  
a f t e r  I n f e c t i o n ,

7 ,4  

. 7 ,3 5  

7 .4 5  

7 .2

haem oglob in  c o n c e n t r a t i o n .

The M.G.H.C. o f  th e  t e n  r a b b i t s  b e fo re  i n f a c t i o n  .av e rag ed  

3 0 .4 7  1 1 .0 7 .  A f te r  i n f e c t i o n ,  and a s  anaem ia developed , i n  each of 

t h e  r a b b i t s ,  th e  M.G.H.G. dropped  to  ab o u t 25^^; on. th o s e  o c c a s io n s  

when th e  e r y th r o c y te  co u n t f e l l  below  3 m i l l i o n  th e  M.,G.H.G. dropped  

s t i l l  f u r t h e r .  The lo w e s t  M.G.H.C. r e c o rd e d  was 15^ w hich  was t h a t  

o f  0137, 84 days a f t e r  i n f e c t i o n ;  th e  r e d  c e l l  co u n t on t h i s  d a te  

was 1 .8  m i l l i o n .

R e t i c u l o c y t e ‘c o u n t .

In  th e  r a b b i t s  b e fo re  i n f e c t i o n  th e  r e t i c u l o c y t e  c o u n t a v e ra g ed  

11 p e r  1,00,0. r e d  c e l l s .  I n  t h e  i n f e c t e d  r a b b i t s  th e  c o u n t s t a r t e d  

t o  r i s e  a b o u t - 60 days- a f t e r  i n f e c t i o n  an d -rem a in ed  h ig h  th ro u g h o u t  

th e  c o u rse  o f  i n f e c t i o n ,  u s u a l ly ,  t h e r e  were be tw een  75 and 150 

r e t i c u l o c y t e s /
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r e t i c u l o c y t e s  per, 1 ,0 0 0  r e d  c e l l s  ( F ig ,  1 2 ) ,  a l th o u g h  on one o c c a s io n  

(0469  — 178 d a y s  p a s t  i n f e c t i o n )  th e  count was r a i s e d  t o  328 

r e t i c u l o c y t e s  p e r  1 ,0 0 0 ,.  Blood sm ears which had  b e e n  s t a i n e d  

s u p r à m t a l l y  w i th  • b r i l l i a n t  c r e s y l  b lu e  and th e n  w i th  Leishm an ■ 

showed t h a t  th e  r e t i c u l o c y t es  were o f t e n  l a r g e r  t h a n  th e  m a tu re  

c o r p u s c le s  and were s l i g h t l y  b a s o p h i l i c .

Marrow e x a m in a t io n . ' . .

In : t h e  norm al r a b b i t ,  t h e  s h a f t  o f  th e  t i b i a  i s  f i l l e d  w i th  

- y e l lo w  marrow. In  th e  se  anaem ic r  abb i t  s t h i s  was a lm o s t  c o m p le te ly  

r e p l a c e d  by a r e d  c e l l u l a r  m arrow . M ic ro s c o p ic a l ly . , '  th e  marrow 

p i c t u r e  i n  each  anaem ic ' r a b b i t  was,, t h a t  o f  ; n o r m o b la s t ic  h y p e r p l a s i a .  ' - 

F i g . , 13 : i l l u s t r a t e s  a t y p i c a l  s e c t i o n  o f  .hormal. r a b b i t  marrow., from  ' 

th e  p ro x im a l r e g io n  o f  th e  : t i b i a ;  t h e  marrow c o n s i s t s  l a r g e l y  o f  

f a t . a n d  th e  h a e m o p o ie t ic  t i s s u e  O ccupies: on ly  a sm a ll  p r o p o r t i o n  o f  

th e  a v a i l a b l e  space* In  c o n t r a s t  F ig .  14 shows a marrow s e c t i o n  

f ro m - th e  p ro x im a l :e n d , o f  th e  t i b i a .o f  an anaemic r a b b i t  ( R a b b i t ,0 1 3 7 );  

The h a e m o p o ie t ic  t i s s u e  h a s  undergone h y p .e rp la s ia  and th e  marrow f a t  

.has. d im in is h e d  p r o p e r t i o n a t e l y , :'- The c e l l s  w hich .a r e  r e s p o n s i b l e  f o r  

t h e : h y p e r p l a s i a  a r e  th o s e  o f  t h e  e r y t h r o c y t i c  s e r i e s ,  and  t h i s ; i s  

i l l u s t r a t e d  b y 'F i g .  15 w h ich  shows a marrow smear from  a n o th e r ,  

s e v e r e ly  anaem ic r a b b i t  (R ab b i t  .04.69) ; t h e r e  i s  a .marked i n c r e a s e  

■ i n  the . p r o p o r t i o n  o f  n o rm o b la s ts  and t h i s  was t y p i c a l  o f  th e  marrow 

o f  : th e  SB: inf.e G t e d  r a b b i t s  th ro u g h o u t  t h e  c o u rse  o f  th e  anaem ia. - 

S im i l a r  changes were d e s c r ib e d  by B a r b i e r i  (1935) who examined th e  ; : 

marrow o f . a  number o f  n a t u r a l l y  i n f e c t e d  sheep . T h e . l a r g e  ; 

: p ^ t i a l l y / 3 h ' :  \ .
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p a r t i a l l y - h a e m o g lo b i n â t ed c e l l s  w ith  r e t i c u l a t e d  n u c l e i  w hich  are- 

c h a r a c t e r i s t i c  o f  m e g a lo b la s t i c  e r y t h r p p o i e s i s ,  and, i n d i c a t i v e  o f  

a: d e f i c i e n c y  o f . l i v e x ' / p r i n c i p l e ,  were n o t  o b se rv ed  on any -occasion , '

The ■ amouht, o f  ' s t a i n a b l e  i r o n  i n  norm al r a b b i t  marrow i s  v a r i a b l e .  

In  some marrow s e c t i o n s  i r o n —c o n ta in in g  m acrophages may be ; found i n  

e v e ry  h ig h -p o w e r  f i e l d  w h ile  se c tio n s .:  from  o th e r  r a b b i t s  w i l l  show, 

o n ly  an  o c c a s io n a l ,  i r o n - c o n ta i h in g  m acrophage. I n  th e  anaem ic r a b b i t s  

i r o n ’̂ b e a r in g  . c e l l s .w e r e  a lw a y s ,fe w  i n  number, b e in g  pi’ e s e n t  i n  sm a ll  

humiDers i n  some s e c t i o n s  and a lm o st c o m p le te ly  a b s e n t  i n  o t h e r s .

,P lasm a and b i l e  p i gm en ts ,  . '

. Normal r a b b i t  p lasm a i s  l i g i i t l y .  s t r a w -c o lo u r e d - a n d  i s  a lm o st 

c o m p le te ly  c l e a r .  A ccord ing  I t  o' M a r t in ,  H a rre ro  and L i c h t e n s t e i n  . 

(1949) b i l i v e r d i n  a lo n e  i s  p roduced  by, th e  norm al r a b b i t ,  a l th o u g h  

i f  h e p a t i c  d i s e a s e  i s  p r e s e n t  b i l i r u b i n  may a l s o  be p ro d u ced ;  i t  

was n e c e s s a ry , '  t h e r e f o r e ,  t o  examine th e  plasm a o f  th e  i n f e c t e d  

r a b b i t s  f o r  th e  p re s e n c e  o f  b o th  o f  th e s e  p ig m e n ts .  .

I n  each  o f  th e  35 i h f e o t e d  r a b b i t s ,  th e  p lasm a c o lo u r  .was. ; 

norm al a t  a l l  t im e s  e x c e p t  a t  t h e  p o in ts , .m ark ed  on th e  h a e m a to lo g ic a l  

t a b l e s  o f  G13T, HB18,; H475 and N217 (Tab le  :5) . On two o f  th e s e  , 

o c c a s io n s  ( ra b b it*  0137) t h e  p lasm a was w h i t i s h ;  t h i s  was due to  

l ip a e m ia  and may be r e a s o n a b ly  a t t r i b u t e d  t o  l i v e r  d y s f u n c t io n  a s ' - 

th e  l i v e r  c f  t h i s  r a b b i t  was found t o ,b e - v e r y  s e v e r e l y  damaged a t '  

a u to p s y .  On th e  o th e r  o c c a s io n s ,  th e  plasma, was s i i g h t l y  g r e e n i s h  

i n ;  c o lo u r  .'and.: was ,p o s i t i v e  t o r  Van den B e rg h 's  r e a c t i o n ,  a- b r i c k - r e d  

r i n g  b e in g  o b ta in e d  f o r  th e  d i r e c t  t e s t  and a v e ry  f a i n t  p in k  f o r  

th e  i n d i r e c t ,  ;  On no o th e r  o c c a s io n :  was a p o s i t i v e  Van den  Bergh 

r e a c t i o n /  - \ . . ' : .



2T.

r e a c t i o n  o b ta in e d  although, t h e  t e s t  was c a r r i e d  ou t r e p e a t e d l y  on 

th e  p lasm a o f  a l l  10 i n f e c t e d  r a b b i t s ,

\Vhen th e s e  o b s e r v a t io n s  were.made i t  was n o t  p o s s i b l e  to  examine 

th e  p lasm a s p e c t r o p h o to m e t r i c .a l ly  f o r  t h e  p re s e n c e  o f  b i l i v e r d i n *

S in c e . t h e n  s e v e r a l  r a b b i t s  i n f e c t e d  f o r  p u rp o se s  .p u tw ith  th e  scope o f  

t h i s  p a p e r  have been  e n c o u n te re d  whose p lasm a was a l s o  g r e e n i s h  i n  

c o lo u r  some weeks a f t e r  i n f e c t i o n .  When th e  p lasm a from  th e s e  r a b b i t s  

was s u b je c te d  to  s p e c t r o p h o to ia e t r i c  e x a m in a t io n  ( s e e  Appendix B) t h e r e  

was no d ip  i n  l i g h t  t r a n s m i s s i o n  betw een  600 and 7 0 0 whi ch i s  

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

i n  each  case  t h e r e  was a d ip  a t  4 3 whi ch i s  e v id e n c e  o f  t h e  p r e s e n c e  

o f  b i l i r u b i n .  Samples, o f  c l e a r  s e r a  from 0150, 0703 and 0469, a l l  125 

days a f t e r  i n f e c t i o n ,  were a l s o  exam ined. Each sample was n e g a t iv e  f o r  

th e  p re s e n c e  o f  b i l i r u b i n  o r  b i l i v e r d i n .

I t  a p p e a r s ,  t h e r e f o r e ,  t h a t  b i l i ru b in a e m ia  or b i l i v e r d i n a e m i a  i s  

n o t  a c h a r a c t e r i s t i c  f e a t u r e  of th e  anaemia w hich i s  a s s o c i a t e d  w i th  

f a s c i o l i a s i s .  The te m p o ra ry  p re s e n c e  o f  b i l i r u b i n  i n  th e  p lasm a o f  a  

p r o p o r t i o n . o f  r a b b i t s  some weeks a f t e r  i n f e c t i o n  was p ro b a b ly  due to  

e x te n s iv e  l i v e r  damage*

The p lasm a p r o t e i n  v a lu e s  f o r  6 o f  th e  r a b b i t s  b e f o r e  i n f e c t i o n  

a v e ra g e d  7 .5  -b*.6g gm./lOO c .c *  There was no s i g n i f i c a n t  a l t e r a t i o n  

in- t h i s  d u r in g  th e  c o u rs e  o f  th e  i n f e c t i o n .

The Coombs' T e s t .

In  many c a s e s  o f  a c q u ir e d  h a e m o ly t ic  anaem ia i n  humans i t  has  

b een  shown t h a t  th e  h a e m o ly s is  i s  a s s o c i a t e d  w ith  th e ,  p r e s e n c e  o f  an 

a b n o rm a l /



28

abnorm al g l o b u l i n  wM ch i s  ad so rb e d  on to  th e  r e d  c e l l s ,  and which

may r e n d e r  . t h e m .s u s c e p t ib le  to  . a g g l u t i n a t i o n  i n  v i t r o . This, g l o b u l i n

may be d e m o n s tra te d  by th e  Coombs ' t e s t ' (Goombsi .et a l .  1 9 4 5 ) . A

t h r i c e  washed s u s p e n s io n  o f / t h e  c e l l s  under t e s t  i s 'm i x e d  w ith  a n t i -

human g l o b u l i n  serum o b ta in e d  from  a s u i t a b l y  immunised r a b b i t .  I f  th e

abnorm al human.a n t ib o d y  i s  p r e s e n t ,  on th e  r e d ' c e l I s  ,i t  w i l l  combine

w ith  th e  r a b b i t  a n t i s e r u m  w ith  consequent- a g g l u t i n a t i o n  o f  th e  r e d

c e l l s .  H aem oly tic  a n a ^ i a a ,  w hich depend, on t h e  p r e s e n c e  o f  an

. abnorm al a n t ib o d y  - a t t a c h e d  to  th e  r e d  c e l l s  have a l s o  b e e n  d e m o n s tra te d

, i n  e x p e r im e n ta l  a n im a ls ,  (Dameshek, .Schwartz and/G ros 's ,: .1938 ; T ig e r t t . j

Duncan and E ig h t ,  1940)* // ■ . . t  ' / '■

/ Samples o f  ; r e d  c e l l s  from ...0137., 57, 72 and 102 days a f t e r  .

i n f  e c t  i o n , when t h e  r e d  c e l l  c o-unt v/as 5.2-, .3 . 0 and 2 m i l l  io n  r e s p è  c t -

i v e l y  , vyere exam ined by ;.the  C o o m b s ' . t e s t - f o r  t h e  p r e s e n c e  o f  ad so rb e d  
' ' \ ^  : / /  - .. . : . .  ̂ , 

a n t i b o d i e s  ( s e e  Appendix ;^ ) .  The r e s u l t s  were - n e g a t iv e  on each oocasio ]

S p leen . : ' h . - ' " /

' A d eg ree  of e r y th r o p h a g o c y to s i s  i s - o n e  of th e  norm al f u n c t io n s  

o f  th e  m acrophages of  th e  r e d  p u lp  o f  th e  sp le e n .  ('Maximow and Bloom, 

1 9 5 0 ) . In  h a e m o ly t ic  anaem ia t h i s  f u n c t i o n  may be g r e a t l y  in c r e a s e d  ■ 

due to  th e  p re s e n c e  of e x c e s s iv e  numbers o f . e r y t h r o c y t e  p a r t i c l e s  or 

o f  s e n s i t i s e d  r e d  c e l l s  i n  the . p la sm a (W hitby and B r i t t o n , .  1950; 

wintrobe, 1946) .. ' , \ \  ̂  ̂ .
The s p le e n s  o f  th e  . i n f e c t e d  r a b b i t s ,  were norm al, i n  s i z e  and 

c o n s i s t e n c y  and showed no. e v id e n c e  o f  i n c r e a s e d  e r y th r o p h a g o c y to s i s  

when compared to  th o s e  o f  norm al r a b b i t s .
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The P r u s s i a n  b lu e  r e a c t i o n  eh owed t h a t  th e  a t a i n a b l e  i r o h ,  

n o rm a lly  p r e s e n t  . . in 'a b u n d a n c e , /w a s  a lm ost e n t i r e l y  a b s e n t .

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

I f  r e d  c o r p u s c le s  a r e  p la c e d  i n  h y p o to n ie  s a l t  s o l u t i o n  th e y  

b eco m e;sw o llen  and f i n a l l y  r u p t u r e , th e  c o r p u s c u la r  c o n t e n t s  go ing  

i n to  s o l u t i o n ;  th e  h ig h e s t  c o n c e n t r a t i o n s  of s a l t  s o l u t i o n s  i n  

w hich h a e m o ly s is  f i r s t , o c c u r s  and i n  which i t  i s  complete- a r e  f a i r l y  

c o n s t a n t  f o r  any 'g iven  s p e c ie s*  .

I n  c e r t a i n  d i s e a s e  c o n d i t i o n s  i n  man, th e  r e d  c e l l s  show an 

in c r e a s e d  r e s i s t a n c e  to  l y s i s  and t h i s  i s  te rm ed  d e c re a s e d  f r a g i l i t y  ; 

i n  o th e r  c o n d i t io n s  t h e  r e d  c e l l s  a r e  more s u s c e p t i b l e  to ,  l y s i s ,  1 . e . 

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

a r e  dependen t o n 'c o r p u s c u l a r  sh ap e , and i t  h a s  ,a lso  b een  r e p o r t e d  

t h a t  young c e l l s /  and r e t i c u l o c y t e s  a r e  more r e s i s t a n t  t o  h a e m o ly s is  

(D a là n d /ÿ . . and W o rth ley , -K. 1935 r  ‘'Davis e ^  e l .  1954).-  Oh th e

o th e r  h a n d , , O ru s -e t  a l .  (1941) r e p o r t e d '  t h a t  young c e l l s  a re  l e a s  

r e s i s t a n t  to  h a e m o ly s is .

An e x te n s iv e  s tu d y  o f  r e d  c e l l  f r a g i l i t y  was n o t made i n  t h i s  

e x p e r im e n t ,  th e  b l o o l  o f  o n ly  4 i n f e c t e d  and 6 norm al r a b b i t s  b e in g  

t e s t e d ;  . The r e s u l t s  a r e  : shown i n  Table 4 .

Table 4 * /
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Table 4 :  R e s i l t s  o f  r e d ’c e l l  I r a g i X i t y  t e s t  - on 4 i n f e c t e d  and
: , : 6 norm al r a b b i t s *  , ' ■ ' .

t
 ̂ No. o f  ' I n f e c t e d  * ' .. Normal
' R abb it  : Al. n  A2 A l l  .. A14 1 2 , 3 4
»

^Poin t a t  w hich  -  ̂ '
' h a e m o l y s i e . \  . ,
' f i r s t  commenced .^52 .48  *48 .56, ' . 5 6  *56 .5 6  .5 6  *6 .56
7 : i  'k / .1 1. ' i ' " :  )  _ ' : ' ' - ^   ̂ i
1 P o in t  a t  which ,/:, : / . ,/ ' / *  ̂ ■
'h a e m o ly s is  : 1 /  , ;  / .1 ■

'was com ple te  .36  •“28/;::/*32 #36 ' ^4 0  ^4,0 .4 0  ,4 0  .36  .3 2

* P o in t s  r e p r e s e n t ■c o n c e n t r a t i o n s  o f.N aO l i n ,gm. p e r  100 m l , w a t e r . 
Al k a l i n e  p h o sp h a ta se  e s t im a t io n s

, The. v a lu e  , f o r  a l k a l i n e  p h o s p h a ta s e / i n  the . serum of a  number o f

norm al r a b b i ts /w h s -  2 .0  • 3 # 0 ;K ing-Arm strong, u n i t s .  There was no

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

S e dime n t  a t  io  n  ‘ r  a t  e

The norm al s e d im e n ta t io n  r a t e  i n  W introbe tu b e s  a f t e r  2 h o u rs

v a r i e d  betw een  0 .and 2^. There was no a l t é r a t i o n ,  i n  t h i s  r a t e ,  i n

th e  anaemic r a b b i t s .  ■ '

C o a g u la t io n  t im e

. I n  .normal r a b b i t s , ,  th e  a v e rag e  c o a g u la t io n  t im e  was 3 .7  m inu tes , 

T here ,w as no a l t e r a t i o n  i n  t h i s  t im e in  th e  i n f e c t e d  r a b b i t s , ex c ep t  

i n  on© r a b b i t , . H 3 1 8 , ‘ 17# and 1@0 days a f t e r  i n f e c t i o n ?  when t h e  : 

c o a g u la t io n  t im e  v/as in c r e a s e d  t o  8 and 11 m in u te s  r e s p e c t i v e l y .  

E x am in a tio n  o f  b i l e  / - ' , ' '

Im m ed ia te ly  each  c o n t r o l  or i n f e c t e d  r a b b i t  was k i l l e d  t h e , 

abdement; was opened and t h e  g a l l - b l a d d e r  and" common b i l e  , d uc t was 

e x p o s e d ; / - '  “ .n /• :. . ' ' ■
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exposed . In  the, i n f e c t e d  r a h h i t s  th e  g a l l - b l a d d e r  was a lw ays e n l a r g ­

ed and th e  common b i l e  g r o s s l y  d i s t e n d e d ;  th e  norm al d ia m e te r  of th e  

common b i l e  d u c t  i s  ab o u t 1 mm., and in  th o s e  i n f e c t e d  r a b b i t s  th i s ,  

was o f t e n  in c r e a s e d  to  .12 mm. I t  'was u s u a l  to  f i n d  t h e  m a jo r i t y  o f  ■ 

th e  p a r a s i t e s  : i n  t h i s  d i s t e n d e d  b i l e  d u c t .

The s u r f a c e  of th e  g a l l - b l a d d e r  o f  each  r a b b i t  was s e a r e d  w i th  

a f lam ed  s p a t u l a  t o  e l im in a te '  haem orrhage and th e  b i l e  was w ithd raw n  

i n t o  a c a p i l l a r y  p i p e t t e .  ■ I n  a  s i m i l a r  manner sam ples  of b i l e  were 

o b ta in e d  from  th e  common b i l e  d u c t o f  th e  i n f e c t e d  r a b b i t s ;  i t  vms 

n o t  found p o s s i b l e  to  o b t a i n  any b i l e  from th e  common b i l e  d u c t o f  

norm al r a b b i t s  w ith  t h i s  te c h n iq u e  b ec au se  o f  th e  narrow  lumen o f  th e  

d u c t .  B i l e ' sam ples from  t h e  g a l l - b l a d d e r  o f  norm al r a b b i t s  were 

alw ays c l e a r  and g r e e n ;  th o s e  from th e  g a l l - b l a d d e r s  o f  i n f e c t e d  

r a b b i t s  were i n v a r i a b l y  brown, w h i le  th o s e  from  th e  common b i l e  d u c t  

were d a rk  b r o w n ,- b la c k  or r e d . '  The b e n z id in e  t e s t  e x a m in a t io n  f o r  

haem in and s p e c t r o s c o p ic  e x a m in a t io n  o f  th e  b i l e  o f  15 norm al r a b b i t s  

wâre n e g a t iv e  f o r  t i e  p re s e n c e  o f  o c c u l t  b lo o d .  The g a l 1 - h la d d e r  b i l e  

o f  i n f e c t e d  r a b b i t s  was a lw ays p o s i t i v e  to  th e  b e n z id in e  t e s t ,  and . 

a lm o s t a lw ays c o n ta in e d  haem in , , B i le  from th e  common b i l e  d u c t  of 

t h e s e  r a b b i t s  was alw ays p o s i t i v e  to  th e  b e n z id in e  t e s t  and f o r  th e  

p re s e n c e  o f  haem in . , In  a d d i t i o n  b i l e  from  t h i s  s o u rc e  when s u i t a b l y  

d i l u t e d  and-exam ined  s p e c t r o s c o p i c a l l y  f r e q u e n t l y  showed th e  t y p i c a l  

a b s o r p t i o n  bands o f  pxyhaem oglob in .. I n  a d d i t i o n  t o  th e  25 r a b b i t s  

under ex p e rim en t t h e s e  t e s t s  y i e ld e d  s i m i l a r  r e s u l t s  when c a r r i e d  o u t 

on a n o th e r  20 i n f e c t e d  r a b b i t s .

W h i te /
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Wh i t  e c e 11 c o un t »

There was 'a c o n s id e r a b l e  v a r i a t i o n - i n  th e  w h ite  c e l l  c o u n ts  

o f  th e  t e n  r a b b i t s  b e f o r e  i n f e c t i o n  b u t th e  a v e ra g e  co u n t p e r  

cu./mm. was 8 ,5 5  -  1 ,8 7 .  About 35 days a f t e r  i n f e c t i o n  th e  t o t a l  

w h ite  c e l l  co u n t i n  a l l  th e  i n f e c t e d  r a b b i t s ,  e x c e p t in g  0460 and 

H318, s t a r t e d  t o  i n c r e a s e ,  r e a c h in g  a peak  abou t th e  f i f t i e t h  day, 

a t  w hich t im e  i t  was u s u a l l y  a p p ro x im a te ly  doub le  t h é  norm al value,.. 

By ab o u t th e  e i g h t i e t h  day th e  w h i te  c e l l  count had  u s u a l l y  r e t u r n e d  

t o  normal, a n d . t h e r e a f t e r  rem a in ed  f a i r l y  s t e a d y .

E x am in a tio n  o f  th e  c a e c a  o f  F. h e p a t i c a  f o r  th e  p r e s e n c e  of b lo o d  
o r  i t s  p r o d u c t s .

When t h e  p a r a s i t e s . w e r e  removed from th e  b i l e  d u c t  th e y  were 

r i n s e d  i n  s a l i n e  and th e n  c ru sh e d  o r  squeezed  to  e j e c t  t h e  i n t e s t i n a l  

c o n t e n t s .  The b ro w n ish  f l u i d  w hich was o b ta in e d  was p o s i t i v e  t o  t h e  

benz-id ine and haem in t e s t s  i n  e v e ry  c a s e .

Numerous a d u l t  p a r a s i t e s  were f i x e d  i n  c o r r o s iv e  fo rm a l ,  

em bedded ,sec tioned  and s t a i n e d  w ith  h ae m o to x y l in  and . e o s in .  In  many 

c a s e s  o n ly  a b ro w n ish  mass c o u ld  be d i s t i n g u i s h e d  i n  th e  c a e c a  o f  

th e  f l u k e s ,  b u t  i n  numerous c a s e s  th e  c a e c a  were f i l l e d  w i th  i n t a c t  

r e d  c e l l s  and l e u c o c y t e s  i n  th e  same p r o p o r t i o n  a s  th e y  o ccu r  i n  th e  

b lo o d .  (F ig .  1 6 ) .

Tab le  5 /  ' -
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4 3 .

The anaem ia p roduced  by th e  l i b a t i o n  o f  th e  common b i l e  d a o t  o f . th e

% i l e  t h i s  i n v e s t i g a t i o n  o f  th e  anaem ia a s s o c i a t e d  w i th  

f a s o i o l i a s i s  was i n  p r o g r e s s ,  our a t t e n t i o n  was drawn t o  work c a r r i e d  

o u t  h y  G oldberg , Hammar8 t e n ÿ H e lls t ro m ,.  L in d g re n  and Plum (19 5 0 }  who 

showed t h a t  l i g a t i o n  o f  th e  common .bile; d u c t i n  r a t s ,  m ice and 

g u in e a - p ig s  p ro d u ced  a ,m a c r o c y t ic  anaem ia which was aooom panied by 

r e t i c u l o c y t o s i s *  I n  our r a b b i t s  w i th  c h ro n ic  f a s c i o l i a s i s ,  th e  

m a j o r i t y  o f th e  p a r a s i t e s  a r e  u s u ^ l y  l o c a t e d  i n  th e  g r o s s l y  d i s t e n d e d  

common b i l e  d u c t ,  and  i n  v iew  o f  t h é  S c a n d in a v ia n  work d e s c r i b e d  above, 

i t  d id  n o t  seem u n re a s o n a b le  to  assumie t h a t  i n  t h i s  p o s i t i o n  th e y  

m ight ca u se  o b s t r u c t i o n  t o  th e  f lo w  o f  b i l e  and t h a t  th e  anaem ia, 

m a o ro cy to s is ,an d _  r e t i c u l o c y t o s i s  w a re a s e % e lb  o f  t h i s .

The e f f e c t  o f  t o t a l  o b s t r u c t i o n  o f  th e  b i l e  d u c t s  on th e  b lo o d  

p i c t u r e  was, t h e r e f o r e ,  s t u d i e d  i n  t h r e e  r a b b i t s  f o r  th e  p u rp o s e s  o f  , 

com parison  w ith  th e  anaem ia a s s o c i a t e d  w ith  f a s o i o l i a s i s .  The 

r e s u l t s  a r e  shown i n  Table 6,

S im i la r  l e s i o n s  were found  a t  a u to p sy  i n  each o f  t h e s e  t h r e e  

r a b b i t s  (P ig .  1 7 ) . These in c lu d e d  th ic k e n in g  and d i s t e n s i o n  o f  th e  

g a l l —b la d d e r  and b i l e  d u c t s  p ro x im a l  to  t h e  l i g a t u r e  and e x t e n s iv e  

f i b r i n o u s  p e r i t o n i t i s  i n v o lv i n g  th e  l i v e r  and a d j a c e n t  v i s c e r a .  I n  

each  c a s e ,  a l s o ,  t h e  abdom inal c a v i t y  c o n ta in e d  b i l e - s t a i n e d  f l u i d  

and th e  1 i y e r  v/as y e l lo w is h  i n  c o l o u r . w i th  a  few g r e e n i s h  wedge- 

shaped  areas: a t  t h e  p e r ip h e r y .

Œ a b l e '6 /  > :b' : ;
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Table  6 ; The e f f e c t  o f  co m ple te  l i g a t i o n  of th e  common b i l e  d u c t .

R a b b i t  33 .

Days- a f t e r  l i g a t i o n
Red C e l l  Count
Haemoglobin
H a e m a to c r i t
M .c.v .:-
M.G.H.C.
P lasm a

B i l  i r  u b in  mgms. p e r  
100 m l. serum 

A lk a l in e  P h o sp h a ta se  
R e t i c u l o c y t e s  p e r  

1000r e d  c e l l s

R a b b i t  456 »

Days a f t e r  l i g a t i o n  
Red C e l l  Count 
H aem oglobin 
H a e m a to c r i t  
M.C.V.
M .C.H.C.
P lasm a

B i l i r u b i n  mgms. p e r  
100 ml', serum 

ÆLkaline P h o sp h a ta se  
R e t i c u l o c y t e s  p e r  

1000 r e d  c e l l s

0
5 .1  

12.1 
3-5.0 

69 
3:4. 5 

C o lo u r­
le s s ;

3:
4 .1
8 .6

2 8 .0
68
31

P a le

6
3 .7
8 .9

3 2 .0
86
28

P a le

'  11 
5 .2  
9 .6  

3 7 .0  
72 
26  

P a le

0 .3 1 . 3 3 .3 2 .6
2 .0 . 7 .8 5 .0 - 4 .2

40 54 150 54

0 3 6 11
5 .4 3 .7 3 3 .7 4 .0

1 1 .8 9 .4 9 .6 9 .1
3 8 .0 2 6 .0 3 1 .3 3 1 .0

70 70 85 77
3 1 .5 36 3 0 .5 2 9 .5

C o lou r­ Deep Deep Deep
l e s s Yellow Yellow Y ellow

0 .3 1 1 .4 7 .1 7 .8
2 .3 4 1 6 .4 5 .0 5 .0

16 54 138 84

18
5 .7 :

11.8
4 2 .0

74
2 8 .5
P a le

Yellow Y ellow  Y ellow  Yellow

15

2.8 
5 .2  

12.6 
38.0 

75 
33 

Yellow

55

R a b b it  0 6 l .

Days a f t e r  l i g a t i o n 0 4 5 14 19
Red C e l l  Count 4 .1 3 .9 4 .1 4 .8
Haemoglobin 1 1 .8 1 0 .4 9 .5 1 0 .1 1 1 .8
H a e m a to c r i t 3 8 .5 3 3 .0 3 0 .0 3 4 .0 3 4 .0
M.C.V. 71 80 77 83 71
M.C.H.C. 3 0 .6 3 1 .5 3 2 .0 2 9 .5 3 4 .8
Plasma. C o lo u r­

l e s s
Yellow Yellow Y ellow Yellow

R e t i c u l o c y t e s  p e r
: 28 30 241000 r e d  c e l l s 13 53

T he/'
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The e x p e r im e n ta l  p ro  duo t  i o n  o f  à  post-^liaemorrlaaglc anaem ia..

I n  t h i s  e x p e r im e n t b lond removed from twoi r a h h i t s  by 

r e p e a t e d  v e n e s e c t io n  from  th e  m a rg in a l  e a r  v e i n  o y e r  a p e r io d  o f  

106 d ay s .  I n i t i a l l y ,  v e n e s e c t io n  was c a r r i e d  o u t  e v e ry  a l t e r n a t e  

day , b u t i n  o r d e r  to  m in im ise  damage to  th e  v e i n , . t h i s  was 

g r a d u a l ly  ex ten d ed  u n t i l  d u r in g  th e  l a s t  month t h e  b lo o d  was 

removed once w eeltly . A t o t a l  of TOO ' m l. was!, removed from  each 

r a b b i t  d u r in g  t h e  c o u rs e  o f  th e  e x p e r im e n t ,  more b lo o d  b e in g  

removed d u r in g  th e  l a t t e r  h a l f  o f  th e  p e r io d  i n  an a t te m p t  t o  

i n c r e a s e  th e  s e v e r i t y  o f  t h e  anaem ia .

The r e s u l t s  i n  te rm s  o f  th e  r e d  c e l l  c o u n t t h e  mean 

c o r p u s c u la r  volum e, t h e  mean c o r p u s c u la r  haem oglob in  concen­

t r a t i o n ,  and th e  r e t i c u l o c y t e  coun t a re  shown i n  Table  7 and 

P ig ;  18 .:  - ÀA 3 . : /  y \ _

At a u to p sy  th e  marrows of each  o f  t h e  r a b b i t s  showed 

n o rm o b la s t ic  h y p e r p la s ia -  and s e c t i o n s  o f  t h e i r  s p l e e n s ,  s t a i n e d  

by E r u s s ia n  b lu e ,  showed t h a t  th e  c o n ta in e d  much l e s s  i r o n  th a n  

i s  n o rm al. - ■ 3"'--. r' \ \ '

T ab le  7 /
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The e f f e c t  on th e  anaem ia o f  t h e  rem oval o f  th e  f lu lc e s  by an 
r  a n th e l r n x n t ic .  ' " ■ • ■

I n  o rd e r  to  s tu d y  th e  c o u rse  o f  th e  anaem ia a f t e r  th e  

flu lce i n f e c t i o n  was t e r m i n a te d ,  f i v e  o f  th e  r a b b i t s  w hich had 

r e c e iv e d  50 c e r o a r i a e  some m onths p r e v io u s l y  were t r e a t e d  

w ith  h e x a o h lo ro e th a n e ; T h is  d ru g  h as  been  shown t o  be an 

e f f i c i e n t ,  s p e c i f i c  and r e l a t i v e l y  n o n - to x ic  a n t h e l m i n t i c  

a g a i n s t , a d u l t  F. h e p a t i c a  i n  c a t t l e  and i n  sheep, (O ls e n ,  1941; : 

1 9 4 6 ) ,  and a l th o u g h  t h e r e  a r e  no r e p o r t s  on th e  e f f e c t  o f  th e  

d ru g  on th e  p a r a s i t e  i n  r a b b i t s ,  i t  was r e a s o n a b le  t o  assume a  

s i m i l a r  a c t i o n .

The b lo o d s  o f  f i v e  i n f e c t e d  and anaem ic r a b b i t s  were 

s tu d i e d  on s e v e r a l  o c c a s io n s  over  a few w eeks. At th e  end o f  

t h i s  t im e a s i n g l e  does o f  h e x a c h lo ro e th a n e  was a d m in is t e r e d  

o r a l l y  to  each r a b b i t  i n  an  a t te m p t  t o  e l im in a t e  th e  p a r a s i t e s .  

Four o f  th e  r a b b i t s ,  each  o f  which weighedd abou t 6 l b s . ,  

r e c e iv e d  1 gm., and th e  f i f t h  r a b b i t ,  which w eighed 4 l b s . , 

r e c e iv e d  2 g m .; th e  d ru g  a p p e a re d  to  be w e l l  t o l e r a t e d  by th e  

r a b b i t s .  T ab le  8 shows th e  b lo o d  c o u n ts  b e f o r e  and a f t e r  t r e a t ­

ment and t h e  r e s u l t  of t h e  a u t o p s i e s .

Table 8 /
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T able  8 t  The e f f e c t  o f  h e x a c h lo ro e th a n e  on th e  anaem ia a s s o c i a t e d  
: w i th  q h ro n ic  f a s c i o l i a s i s  i n  th e  r a b b i t .  ;

R ab b it  197 . Body w e ig h t 6 l b s .  3 gm,

Days a f t e r  t r e a t .  —55 -^14 -8  —5 ; -^1
Red C e l l  Count 3 .9  3 .3  : 3 .1  3 .5  3 .8
H aem oglobin , 6 .0  -  6 ,5  8 .9
H aem atocrit. 3:0 25.5- 25 2 4 .5  29
m.O.V. 77 78 80 70 : 76
M.C.H.C. . . -  2 3 .5  -  2 6 .5  3 1 .0

Hexac h lo ro  e th a n e  

3

26

7
5 .211.0

38
73

2 9 .5

13 
6 .3  

1 3 .0  
40 

: 64 
3 2 .5

R a b b it  198. Body w eigh t 4 l b s .  2 gm. H e x a o h lo ro e th a n e .

Days a f t e r  t r e a t .  —55 —17 - 8
Red C e l l  Count 2 .3  2 .3  2 ;3
H aem oglobin  ̂ . — , . ; -
H a e m a to c r i t  2 0 .5  22 2 0 .5
M.C.V. : 88
M.C,H.C. r  -  VM ' -  ■! -

- 5  - 1  3  . 7  13 16
2 .5  2 .5  -  2 .9  3 . 6  3 .6

2 4  .2 4  29 25 30
95. 95 -  86 83

R a b b it  199 . Body w e ig h t  6 l b s .  3 gm. H e x a c h lo ro e th a n e .

R a b b i t  A l l .  Body w e ig h t  6 l b s .  3 gm. H e x a o h lo ro e th a n e .

R a b b i t  A14. Body w e ig h t 6 l b s .  3 gm. H e x a c h lo ro e th a n e .

Days a f t e r  t r e a t .
Red C e l l  Count 
Haem oglobin 
H a e m a to c r i t  
M .C.T. .
M.C.H.C. ,

A utopsy . 
ko P iu lces. 
Common b i ]  
d u c t  ; almof 
norm al i n  
s i z e

A utopsy .W I rnmm Mmii —10 n e c ro t ;  
f l u k e s  f  Î 
l i v in g ,  
f lu lc e s

D ay s ' a f t e r  t r e a t .  —73 
Red C e l l  Count 4 .4 47 5

, - 1  
4 .9 4 .5

24
. 6 . 0

A utopsy , 
ko f l u k e s

Haemoglobin - . 7*T 8.6: : 8 .6 1 1 .1 — Common b i
H a e m a to c r i t  28. 29 29 31 , 35 38.5 d u c t  almo
M.C.V. M 63 S5 65 67 70 64 norm al in
M .C .H ,0 . 2 7 .0 1 0 .0 28 .0 3 2 .0 s i z e .

Days a f t e r  t r e a t .  
Red C e l l  Count

-1 0
3 ,4

/ - 5
3 .7

0
3 .9

' /  2 
4 .5

7
4 .8

20
5 .9

A utopsy .
k o ' f l u f e s

H aem oglobin / 6 .7 6 .7 7 .0 7 .7 1 0 .0 1 2 .2 Common bi
H a e m a to c r i t 2 6 .0 2 5 .0 2 5 .0 3 0 .5 3 4 .5 4 1 .0 d u c t  r e ­
M.C. 7 .  ■ 76 67 64 68 72 70 duced i n
M.a.H.Owy ; 2 6 .0 2 7 .0 2 8 .5 2 5 .0 2 9 .0 3 0 .0 s i z e .

•^12 - 6 0 2 6 10 20 A utopsy .
2 .9 2 .7 3 .1 3 .3 3 .8 4 .5  5 .8 Ho f lu k e j
8 .2 : 7 .4 8 .5 8 .1 1 0 .0 1 1 .1  1 2 .6 Common b:

2 7 .0 2 6 .0 2 8 .0 2 8 .0 3 3 .0 3 6 .5  4 1 .0 d u c t  r e ­
95 96 90 90 86 80 72 duced i n

3 0 .5 2 9 .0 3 1 .0 2 9 .0 3 0 .5 3 0 .5  3 1 .0 s i z e .

T h e /
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The e f f e c t  o f  intravexiQUs i r o n  on th e : anaem ia a s s o c i a t e d  w i th  f a s o i o l i a a i  

The r o l e  o f  i r o n  i n  th é  p r o d u c t io n  of r e d  c e l l s  i s  w e l l  known and 

does n o t  r e  q u i r e  d e t a i l e d  d e s c r i p t i o n  h e r e .  I t  i s  s u f f i c i e n t  to  s t a t e  

th a t ,  i r o n  i s  a  v i t a l  c o n s t i t u e n t  o f  haem oglob in , and t h a t ,  i f  i n s u f f l e  i e n i  

i r o n  i s  a v a i l a b l e  i n  th e  d i e t  o r  ca n n o t be ab so rb e d  by  th e  i n t e s t i n e ,  or 

i f  e x c e s s iv e  q u a n t i t i e s  o f  t h e  e lem en t a r e  l o s t  th ro u g h  haem orrhage , 

anaem ia w i l l  i n e v i t a b l y  r e s u l t .  (W in tro b e , 1946; \Vhitby and B r i t t o n ,

In  man, i r o n - d e f i c i e n c y  anaem ia i s  c h a r a c t e r i s t i c a l l y  hypochrom ic 

and o f t e n  m ic r o c y t ic  ( Whitby and B r i t t o n ,  1950 ; .W in tro b e , 1946) and 

t h i s  has  b een  shown a l s o  to  be th e  c a se  i n  dogs ( F a r r a r  and S t u r g i s ,  

1936 ) and i n  r a b b i t s  (S m ith , M e d l i c o t t  and F i l l s ,  1944)* I t  i s  w e l l -  

known t h a t  th e  t r e a tm e n t  o f  i r o n - d e f i c i e n o y  anaem ias w i th  o r a l  o r  ■ 

p a r e n t e r a l  i r o n  i s  a lm o s t  a lw ays fo l lo w e d  by haem oglob in  r e g e n e r a t i o n  

and th e  p r o d u c t io n  o f  normochromic and n o rm o cy tic  r e d  c e l l s ;

The e x p e r im en t r e c o r d e d  below  was c a r r i e d  b u t  on two r a b b i t s  o n ly ,  

b u t  i s  w orth  r e c o r d in g  h e re  in .v ie w  o f  t h i s  w ell-know n s p e c i f i c  e f f e c t  

o f  i r o n  th e r a p y .  Two r a b b i t s  i n f e c t e d  w ith  50 c e r o a r i a e  and anaemic 

f o r  some months were i n j e c t e d  in t r a v e n o u s ly  w ith  * ” I v i r o n ’*. on s e v e r a l  

o c c a s io n s .  The f re q u e n c y  o f  i n f e c t i o n  and; th e  r e s u l t s  o f  su b se q u en t 

b lo o d  e x a m in a t io n  a r e  sum m arised i n  Table 9. .

* " I v i r o n "  ( B r i t i s h  S c h e r in g ,  L td .) ;  i s  a s t e r i l e  s o l u t i o n  o f  

s a c e h a r a te d  i r o n  o x ide  s u i t a b l e  f o r  a d m i n i s t r a t i o n  by in t r a v e n o u s  

i n j e c t i o n ,  A;’p a r e n t e r a l - p r e p a r a t i o n  o f  i r o n  was u sed  b ec au se  o f  t h e  

ea se  o f  a d m i n i s t r a t i o n . '  ,



5 0 .

Xt i s  i n t s r e a t i n g ,  t h a t  th e  ^ in tra v e n o u s  i r o n  h a d  n o ,e f f e c t  on th e  

r e d  c e l l  c o u n t , h r  ,O h/the lhaèm àtQ G ÿitA or?d iéènb^ohin iyalues~ ; th e  in c r e a s e  

i n  M.O.V. o h ta in e d  i n  b o th  an im a ls  a f t e r  i r o n  th e r a p y  c a n n o t  r e a d i l y  be 

a t t r i b u t e d ,  to  th e  a m e l i o r a t i o n  o f  the^ i r o n  def i c i e n c y  i n  th e  ab sen ce  o f  

any improvement in ' th e  r e d  : c e l l  coun t o r  haem oglob in  v a l u e s .  . ,

T ab le  9 ; The e f f e c t  o f  . in tra v e n o u s  i r o n  on th e  anaem ia a s s o c i a t e d  
V w ith  f a s c i o l i a s i s . .  - •

B a b b it  10 . :

Days a f t e r  1 s t  - ) • . -7 1 ' '   ̂ ' ' •
. i n j e c t i o n  ; : : -IG  -9  -1  . ; 5 . IT  32 49 ' 54 68
Bed C e l l  Count 4 .0  315 3 .5  :3 .8  3 .6  3 .4  3 .4  -  : -
H aem oglobin  a : 8 .1  7 .4  7 ;1  7 .6  9 .0  7 .8  ^
H a e m a to c r i t :  ■ 28 .8  2 5 .5  2 5 .0  29 3 0 .5  2 8 .0  2 9 .2  2 9 .2  2 6 .5

 ̂ . 72 73; 71 76, 84 82 85 -
M.G.H.O. \ : 2 8 .5  29 ' 29 2 6 .5  29 .8  ' 28 -
R e t io û lo o ÿ te s  166: 190, : 15Q 19Q 152. 90 150 . -  -  . {

p e r  1000 / : :  : - ,  \

R a5611  12;. 1

Days a f t e r  1 s t
i n j e c t i o n  --16 :—9 - 1  5 17 32 49 54 68

Rea G a l l  Count. 4.8, 4 .8  : 4-.7 4 .5  4 .0  3 . 9 4 .0  -  -
Haem oglobin 1 0 .6  1 1 .1  10..6; 9 .5  1 1 .5 - 1 0 .3  * ,  * ,
H a e m a to c r i t  37 3 4 .5  ' 3,5 34 36 35 , 36 37 3.6
.M.C.T. ., 77 72 . 74 7 6 90 90 -
M.O..H..C. 29 33 3 0 .5  2 8 .3 '3 2 .0  2 9 .5  . -  -  . -  : ,
R é t i c u lo c y t e s .  .116  112 84 110 124 H O  -  -  -

p e r  1000 . .

022Gc. I v l r  on was i n j e c t e d  in to : each; r a b b i t  on! th e  1 s t  and 5 th  d a y s  

and Q 44: ,c!#C # on th e  7 t h ,  3 8 th  and 4 0 th  days .

^ U n f o r tu n a te ly  th e s e  haem oglob in  e s t im a t io n s  a r e  n o t , a v a i l a b l e .
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Anaemia, whioh mày be d e f in e d  as: a  d e f i c i e n c y  of haem oglob in , 

may be p ro d u ced  i n  a  number of wayev I f ,  f o r  exam ple, th e  marrow i s  

h y p o p la s t i c  : o r  a p l a s t i c ,  r e d  c e l l  p r o d u c t io n  w i l l  be m ark ed ly  d im in is h e d  

a n d ' anaem ia r e s u l t  ; a g a in ,  w ith  an  in a d e q u a te  su p p ly  o f  m a t e r i a l s  ' 

n e c e s s a ry  f o r  t h e  p ro p e r  p r o d u c t io n  o f  r e d  c e l l s ,  a t h e  a n t i - a n a e m ic  

p r i n c i p l e  o f  t h e  l i v e r ,  t h e  number and q u a l i t y  o f  th e  r e d  c e l l s  w i l l  be 

re d u c e d ,  i n  s p i t e  o f  th e  f a c t  t h a t  th e .  c e l l u l a r  i t  y o f  t h e  marrow may be 

i n c r e a s e d .  F i n a l l y ,  e x c e s s iv e  l o s s  o f  c i r c u l a t i n g  r e d  c e l l s ,  e i t h e r  by 

i n t r a v a s c u l a r  d e s t r u c t i o n  o r  from  haem orrhage , w i l l  r e d u c e  th e  t o t a l  

number o f  r e d  c e l l s  and th u s  th e  haem oglob in .

M th o  ugh t h i s  d i  f f e r e h t  i  a t  io  n  o f  anaem ias i s  b a s e d  on e t i o l o g y ,  

i t  i s  n e v e r t h e l e s s  o f  c o n s id e r a b l e  p r a c t iG a l  v a lu e ,  a s  ea c h  of t h e s e  

ty p e s  of  anaem ia  i s  a s s o c i a t e d  w ith  f a i r l y  c h a r a c t e r i s t i c  changes i n  

t h e  r e d  c e l l s  and marrow, ahd^  from, a  s tu d y  o f  th e  l a b o r a t o r y  f i n d i n g s  

a s s o c i a t e d  w ith  ah anaem ia , i t . i s  u s u a l l y  p o s s i b l e  t o  o b t a i n  some 

i n d i c a t i o n ;  o f  i t s  e t i o l o g y .  ; ‘

The anaem ia which i s  a s s o c i a t e d  w i t h . F a s c i o l a  h e p a t i c a  i n f e c t i o n s  

o f  r a b b i t s  was c h a r a c t e r i s e d  by o l i g o c y t o s i s ,  m a c ro .c y to s is ,  hypochrom ia 

and r e t i c u l o c y t o s i s . .  I t  was ho t; a s s o c i a t e d  w i th  an  i n c r e a s e  i n  p la sm a  

b i l i r u b i n  o r  b i l i v e r  d in  and th e  marrow p i c t u r e  was a t  a l l  t im e s  t h a t  

o f  n o rm o b la s t ic  h y p e r p l a s i a .  The d eg re e  o f  e r th r o p h a g o c y to s i s  i n  t h e



: A " . : -  ■ : ' :
sp le e n .w a s  n o t  in c r e a s e d  and th e  s t a i n a b l e  iron , i n  t h i s  o rgan  was 

always yery-, much red u c e d  ■ i n  am ount. On each  o f  t h r e e  o c o a s io n s , th e  - 

r e d  c e l l s  o f  a v e ry  anaem ic  r a b b i t  w ere .sh o w n  to  be n e g a t iv e  to  th e  

Goombs' t e s t . Blood o r  b lo o d  p ro d u c ts  co u ld  i n v a r i a b l y  be, d e m o n s tra te d  

i n  th e  lumen o f  th e  main b i l e  d u c t s - o r  i n  th e  g u t c o n t e n t s  o f  th e  

p a r a s i t e s .  . - i  ' ,, !

. I n  ea ch  r a b b i t  t h e  anaem ia s t a r t e d  abou t 42' days a f t e r  i n f e c t i o n ,  

_ i .a .  soon a f t e r  th e  p a r a s i t e s  e n te r e d  t h e , b11e d u c t s ,  and th e  degree , 

o f  anaem ia was a p p ro x im a te ly  p r o p o r t i o n a l  to  th e  nujmber o f  ad u l t ,  f lu lce s  

i n  .the 'b i l e  : d u c t s .. I.h f i v e  i n f  e c te d  . r a b b i t s  w hich  were t r e a t e d  ' 

s u c c e s s f u l l y  v f ith  an a n t h e lm in t i c  th e  r e d  c e l l  c o u n t ,  haem oglobin  and - 

h a e m a to c r i t  v a lu e s  r e t u r n e d  to  n o rm a l , - a n d  i n  a s i x t h  r a b b i t , . in  : , 

w hich o n ly  some o f  th e  f l u k e s  were d e s t ro y e d ,  t h e r e  was an improvement 

i n  th e  s e i n d ic  e s ,

Tvm f e a t u r e s  o f  t h e  anaemia,- t h e  m arked ly  n o r m o b la s t ic  marrow and 

th e  in c r e a s e d  number o f  r e t i c u lo o y te . s  i n  th e  - p e r i p h e r a l  b lo o d ,  were 

found a t  a l l  t im e s  d u r in g  th e  anaemia;,, th e  more s e v e re  th e  anaem ia , 

th e  Diore a c t i v e  vms e r y t h r o p o l é s i s  i n  t h e  marrow and th e  h i g h e r  th e  

r e t i c u l o c y t o s i s .  These f i n d i n g s  and th e  absence  o f  m e g a lo b la s t i c  

e r y t h r o p o i e s i s  at, a l l  t im e s  show t h a t  n e i th e r .m a r ro w  a p l a s i a  n o r  • ' 

d e f i c i e n c y  o f  t h e  f a n t i - a n a e m i c  p r i n c i p l e "  o f  th e .  l i v e r ,  a r e  r e s p o n s i b l e  

f o r  t h e  an aem ia . \ - .. - ;

I t  i s  t h e  :q.aSe t h a t  n o r m o b la s t ic  h y p e r p l a s i a  and . r e t i c u l o c y t o s i s  , 

a re : . conmion f e a t u r e s  i n  h a e m o ly t ic  anaem ia In  t h i s  ' c o n d i t i o n  - o n e . 

m ight a l s o  ex p e c t as ev id e n ce  o f  in c r e a s e d  i n t r a v a s c u l a r  d e s t r u c t i o n  ; 

an  accom panying in c r e a s e d  l e v e l  o f  p la sm a !b i l i r u b i n ' o r  b i l i v e f d i n  and ; 

i n c r e a s e d /  '
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i n c r e a s e d  d e p o s i t s  o f  i r o n  i n  th e  s p le e n  and bone marrow, , A lso w i th  

t h i s  ty p e  o f  anaem ia , t h e  s p l e e n  i s  o f t e n  e n l a r g e d , ' . i n c r e a s e d  

e r y th r o p h a g o o y tp s i s  may be o b se rv e d  on h i s t o l o g i c a l  e x a m in a t io n ,  and  

a n t i b o d i e s ,  d em o n s tra b le  by th e  COombs^- t e s t ,  may be a d s o rb e d  on to  t h e  

r e d  c e l l s # Hone o f  t h e s e  f e a t u r e s ,  was p r e s e n t  i n  th e  anaem ia a s s o c i a t e d  

w ith  f a s c i o l i a s i s  and. i t  i s  r e a s o n a b le  t o  co n c lu d e  t h a t  in c r e a s e d  

haem olysis , p la y s  ho p a r t  i n  i t s  p r o d u c t io n .  :

I t  i s . w e l l  knoym t h a t  anaem ia may be found i n  a s s o c i a t i o n  w i t h  . 

l i v e r  d i s e a s e  b o th  i n  man (W in tro b e , 1946) and i n  la b o r  a t  o ry  an im a ls  

(Schumacker and W in trobe , 1936; H igg ins  and S ta s n e y ,  1935) and i c  

th e n e fo ro th e  s e v e re  h e p a t i t i s  w hich i s  a s s o c i a t e d  w i th  e x p e r im e n ta l  

f a s c i o l i a s i s  i n  t h e  r a b b i t  m ust be c o n s id e re d  a s  a  p o s s i b l e  cau se  o f  

th e  anaem ia. . , : , , . ;

, 7 f  anaem ia i s  p r e s e n t  i n  a c u te  o r  c h rp h ic  h e p a t i t i s  i n  man, i t  

i s  u s u a l l y  m a c ro c y t io  o r  n o rk o c y t ic  (W hity and B r i t t o n ,  1 9 5 0 ) . The 

m orphology o f  th e  m a c ro c y t ic  ty p e  may resem b le  t h a t  s e e n  i n  p e r n i c io u s  

anaemia, a l th o u g h  i t  i s  r a r e l y  a s  severe- as: may be e n c o u n te re d  i n  t h a t  

c o n d i t i o n  (W hitby and B r i t t o n ,  1 9 5 0 ) .  In  v iew  o f  t h i s  and o f  th e  

r e s p o n s e  o f  some' o f  t h e s e  c a s e s  to  p a r e n t e r a l  l i v e r  t h e r a p y  i t .  h a s  

been  s u g g e s te d  t h a t  th e  anaem ia may on o c c a s io n s  be th e  r e s u l t  o f  

d e f e c t i v e  s to r a g e  o r  m e tab p l ism  o f  t h e  a h t i -à n a e m ic ;  p r i n c i p l e  

(W in tro b e , 1936 ; W introbe and Schumacker,, 1 9 3 3 ) .  L a r s e n  (1949) i n  : 

a s tu d y  o f  58 c a s e s  o f  a c u te  and c h ro n ic  h e p a t i t i s  found  t h a t  th e  

m a c ro c y t ic ;a n a e m ia  p r e s e n t  i n  h i s  c a s e s  was. n o t  a s s o c i a t e d  w i th  a  . 

r a i s e d /   ̂ . /  , . ; ■ ' ■ ..
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r a i s e d  m e a n .c o rp u s c u la r  volume, i ,  e . th e  m e a n .c o r p u s c u la r  t h i c k n e s s  /  

was d e c re a s e d .  He a l s o  co n c lu d ed  t h a t  th e ,  r e d  c e l l  p o p u la t i o n  i n  

h e p a t i t i s  was composed o f  two com ponents, one w i th  a norm al M.D. , and 

one w ith : .a n  in c r e a s e d  M.D, ; he c o n s id e re d  t h a t  th e  l a t t e r  component, 

was n o t  due t o  l a c k  o f . th e  a n t i - a n a e m ic  p r i n c i p l e  n o r  to  th e  p r e s e n c e  

o f  in c r e a s e d  number S 'o f  r e t i c u l o c y t e s  bu t su g g e s te d  t h a t  i t  may have 

b een  cau sed  by a  d e f i c i e n c y  of n io o t in a m id e .  • L in d g re n  (1949) a l s o  

found t h a t  m a c ro c y to s i s  was common i n - a c u t e  h e p a t i t i s  i n  man and t h a t  

th e  d eg ree  o f  m aC ro o y to s is  was p r o p o r t i o n a l  t o  th e  serum b i l i r u b i n .  

O b s tru c t iv e ;  . ja u n d ice  a s  th e  cause  ' o f  m a c ro c y t ic  anaem ia i n  man ha.s 

been  r e p o r t e d  by R osenberg  and W a lte is  (1936)',

: E x p e r im e n ta l ly  p ro d u ced  m a c r o c y t i c ,anaem ia a s s o c i a t e d  w ith  l i v e r  

damage h as  b een  s tu d i e d  i n  dogs and r a b b i t s  by Schumacker and, W introbe , 

(1936 ) who p r o d u c e d . c i r r h o s i s  by th e  a d m i n i s t r a t i o n  o f  ca rb o n  t o t r a -  

c h l o r id e  over  a p r o lo n g e d  p e r io d .  The, anaem ia .w h ich  d ev e lo p ed  w as . 

u s u a l l y  n o rm o c y tic ,  b u t.  where l i v e r  damage was severe; and o f  lo n g  

d u r a t i o n  i t  became m a c r o c y t ic .  In  t h e s e . c a s e s  th e  bone marrow was ., 

s a i d  to. be h y p e r p l a s t i c  and ü m a c rc b la s t ic " .  i n  type:,; They a l s o  - 

d e s c r ib e d  v a r y in g  d e g r e e s . o f  h ae m o sid e ro s is :  i n  t h e  s p l e e n  o f  a u to p s ie d  

dogs and no t e d ; t h a t  i n  one d o g . in  w h ic h  l i v e r  th e r a p y  was a t te m p te d  

r e t i c u l o c y t o s i s  o ccu rred ,.  These a u th o r s  c o n c lu d e d  t h a t  m a c ro c y t ic  

anaemia, d ev e lo p ed  as, a  consequence  o f  a f a u l t  i n  the , i n t e r n a l  m etabolism  

of  t h e  a n t i - a n a e m ic :  p r in c ip l e . . ;

R e f e r e n c e ' h as  a l r e a d y  b een  made t o - t h e  w ork  o f  G oldberg , 'Hammarstei

H e l l s t r o m ,  L in d g re n  and ElUm (1 9 5 0 ) .  These a u th o rs : s h o w e d  t h a t

l i g a t i o n /  -.- v , ; /
^ Mean D iam ete r  , ,



55,

l i g a t i o n  o f  th e  b i le -À lh â t8 of. r a t s ,  m ice and g u in e a - p ig s  p ro d u ced  

an  anaem ic which was c h a r a c t e r i s e d  bÿ an in c r e a s e  i n  mean 

c o r p u s c u la r  vo lum e, was h y p e rc h ro m ie , and was accompanied, by a ’ 

r e t i c u l o c y t o s i s  and a  m a c r o ç y to s i s  which was p r o p o r t i o n a l  to  th e  

serum b i l i r u b i n  c o n c e n t r a t i o n .  As d e s c r ib e d  e a r l i e r  a  s i m i l a r  ty p e  

o f  anaem ia o c c u r re d  i n  ou r  r a b b i t s  s u b je c te d  to  l i g a t i o n  o f  th e  

Common b i l e  d u c t .

I n  th é  r a b b i t s ,  w hich  were i n f e c t e d  w ith  F,, h e p a t i c a , a s e v e re  ; 

and e x t e n s iv e  a c u te  h e p a t i . t i s  was - p roduced  - ih a th e  m ig r a to ry  p hase  

o f  ; the : I d i s c à s  e ? / Ê.*' hp to  6 weeks a f t e r  i n f e c t i o n .  The haem a- 

t o l o g i c a l  t a b l e s  show t h a t  t h e r e  i s  no d e c re a s e  i n  th e  haem oglob in  

and-red- c e l l  coun t  ̂ and no I n c r e a s e  i n  th e  mean, c o r p u s c u la r  vo lum e, 

dur i  ng ' t h i s  s t  age i n  any o f , th e  r  abb i t  s:. . F u r th e rm o r  e , m easurem ents 

o f  t h e  d ia m e te r s  o f  th e  r e d  c e l l s  o f  4 r a b b i t s  a t  t h i s  s ta g e  o f  

i n f  e c t i o n  ' (F ig .  19^ showed: t h a t . w h ile  th e  mean d ia m e te r  .was .- 

i n c r e a s e d  in*:two of t h e s e , i t :  was d e c re a se d  i n  t h e  o th e r  tw o.

I t  a p p e a r s , t h e r éf o r e y t h a t ‘ t h é  i i y e r  dam age.w hich  was 

a s s o c i a t e d  w ith  a c u te  f a s c i o l i a s i s  i n . t h e s e  r a b b i t s  d id  n o t  

p roduce  any im m edia te  o r  marked e f f e c t s  on r e d  c e l l  p r o d u c t io n .

.G i r r h o s i s  i s  a .p ro m in e n t  f e a t u r e  o f  c h ro n ic  f a s c i o l i a s i s  b u t  

i t ,  t o o ,  was n o t  co n c ern ed  i n  t h e . e t i o l o g y  o f  t h e  anaem ia . ' T h e ' 

rem oval ■ o f  th e  f lu lc e s  from  4 r a b b i t s  by an. a n t h e l m i n t i c  c a u se d  

t h e  r e d  c e l l  : co u n t and haem oglob in  t  o r e t u r n  to  norm al in :  e a ch  . 

case  i n  a m a t t e r  o f  days a l t h o u g h  a t  a u to p sy  t h e  l i v e r s  .of . th e se  

r a b b i t s  Were- e x t re m e ly  c i r r h o t i c . In  th e  f i f t h  r a b b i t  i n  w hich  :
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o n ly  some Of th e  f l u k e s  were k i l l e d ,  t h e r e  was ,a r i s e  - i n  th e  r e d  c e l l  

coun t and h aem o g lo b in . 7? .7 v , y - . 7

I n  th e  anaemic r a b b i t s  . t h e r e  was; n o rm a lly  n o  i n c r e a s e  i n  p lasm a 

b i l i r u b i n  e x c e p t  on th e :  few o c c a s io n s  r e f e r r e d  t o  e a r l i e r ,  when a: 

t r  ans l e n t  b i l i r  ub inaem ia  o c c u r re d  i n  a f  e w ' of th e  r a b b i t s  and was 

a s c r ib e d  to. severe^ l i v e r  damage ; a lso^  a s  i s  d e s c r ib e d  l a t e r  i n  t h i s  

t h e s i s  .CSection. 5)., t h e  e x c r e t i o n  tim e o f  fc o m a u lp h d lc in  by: th e  l i v e r  ' 

was n o t  g e n e r a l l y  in c r e a s e d .  These f i n d in g s  -are i n  m a rk e d 'C o n t r a s t  

to  t h o s e /e x p e r i e n c e d  i n  the . r a b b i t s  su b je c t-cd /to ;l i g a t i o n  o f  th e  

common b i l e  d u c t  i n  which th e  p l a s m a 'b i l i r u b i n ,  a l k a l i n e  p h o sp h a ta se  

l e v e l s ,  and h rom sh lphsllc in  c l e a r a n c e  t im e s  were r a i s e d ,  ' I t  may be 

co n c lu d ed , t h e r e f o r e ,  t h a t  o b s t r u c t i o n  o f  the , common b i l e  d u c t  d id  

n o t  occu r  i n  th e s e  i n f e c t e d  . r a b b i t s  a n d t h e  r  o f  o r  e * was n o t  co n cern ed  

i n  th e  p a th o g e n e s i s  o f - t h e  anaem ia. , T h is  i s  s u p p o r te d  by th e  f a c t  

t h a t ' th e  d e g ree  o f . anaem ia p roduced  b y / t h e  p a r a s i t e s  was much more 

s e v e re  th a n  t h a t  p roduced  by c o m p l e t e . l i g a t i o n  o f  th e  b i l e  d u c t .

The e x c lu s io n  o f  marrow h y p o p la s ia  o r  a p l a s i a ,  o f  i n t r a v a s c u l a r  

d e s t r u c t i o n  o f  b lo o d ,  o f  l i v e r  l e s i o n s f  o r  o f  a  (d e f ic ie n c y  o f  th e  

a n t i - a n a e m ic  p r i n c i p l e  o f  th e  l i v e r  as p o s s i b l e  c a u se s  o f  t h e  anaem ia 

em phasises:the  p o s s i b l e  s i g n i f i c a n c e  o f  haem o rrh ag e  from  th e  b i l e  /  

d u c t s  a s  th e  p r i n c i p a l  e t i o l o g i c a l  f a c t o r T h e  p r e s e n c e  o f  b lood  

i n  th e  c o n t e n t s  o f  t h e  b i l e  d u c t s  and i n  tb e  c a e c a  of  th e  f lu lc e s ,  

and th e  .c o n s is te n c y  w ith  w hich t h i s  can be d e m o n s tra te d  c l e a r l y  

i n d i c a t e  t h a t 7 a  d e g r e e  o f  b lo o d  l o s s  i s  a s s o c i a t e d  w ith  th e  \

i n f e c t i o n : /
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i n f e c t i o n ;  some e v id e n c e  t h a t  t h i s  may he r e s p o n s i b l e  f o r  th e  anaem ia 

i s  p ro v id e d  by th e  f a c t  t h a t  an  anaemia s i m i l a r  i n  a l l  e s s e n t i a l  

r e s p e c t s  was, p ro d u ced  by rem oving; a p p ro x im a te ly  30 -  35 m l. o f  b lo o d  

w eekly  from each  o f  2 r a b b i t s  oy er  a  p e r io d  o f .106 d a y s .  S im i la r  

r e d u c t i o n s  i n  th e  r e d  c e i l  c o u n ts  o f  r a b b i t s , ,  s u b je c t e d  to  th e  same 

d e g re e s  o f  b l o o d - l e t t i n g  a s ;w e re  our r a b b i t s , were o b ta in e d  by S te e le .  

(1933:) and by Ob erg . (1949) when s tu d y in g  b lo o d  r e g e n e r a t i o n  i n  t h i s  

s p e c i e s .  • - , /  .

• : The s i m i l a r i t y  betw een  th e s e  two a n a e m ia s , one p ro d u ced  by th e

i n f a c t i o n  .of . r a b b i t s  w i t h  F. h e p a t i c a , and th e  o th e r  p ro d u ced  by 

r e p e a t e d  b l o o d l e t t i n g ,  t o g e t h e r  w i th  th e  f a c t  t h a t  haem orrhage can 

be shown to  o c c u r  i n  t h e  fo rm e r ,  p ro v id e  s t r o n g  p re su m p t iv e  ev id en ce  

t h a t  t h e p a r a s i t i c  anaem ia i s  haem o rrh ag ic  i n  o r ig in . .  : F in a l  p ro o f  

t h a t  ‘ t h i s  i s  in d e ed  th e  c a s e  depends on t h e  d e m o n s tra t  io n  t h a t . th e  

d eg ree  o f  b lo o d  lo s s ,  p ro d u ced  by th e  f l u k e s  i s  o f  s u f f i c i e n t  s e v e r i t y  

t o  p roduce  th e  d eg ree  o f  a n a e m ia ;o b ta in e d .

' This p o i n t  h as  been  i n v e s t i g a t e d  and i s  d e s c r ib e d  i n  d e t a i l ,  

i n  th e  n e x t  s e c t i o n  of t h i s  th e s is . . :  . These e x p e r i m e n t s , . w hich  / .

' . c o n s is te d  o f  t r a c e - l a b e l l i n g  th e  r e d ,  c e l l s  and- p lasm a o f  p a r a s i t i s e d ,  

and norm al r a b b i t s  w i th  r a d i o a c t i v e  i s o t o p e s  and e s t i m a t i n g  th e  

am ounts o f  t h e s e  s u b s ta n c e s  i n  th e  b i l e - d u c t s  and f l u k e s  a f t e r  a  . . 

s p e c i f i c ; p e r i o d ,  p ro v id e d  f a i r l y  c o n c lu s iv e  ev idence , t h a t  c o n s id e r a b le  

b lo o d  l o s s e s  occu r  i n  th e  b i l e - d u c t s  o f  i n f e c t e d  r a b b i t s , a._g. i t  was 

e s t im a te d  t h a t  a  r a b b i t '  w i th  30 f lu lœ s  w i l l  l o s e  o ev e r  2 , 500 ml. of 

b lo o d  d u r in g  a p e r io d  o f  one y e a r ,  : Haemorrhage o f  t h i s  n a tu r e  i n  th e  

r a V b i t / :  - ' . '  ̂ , ' ' ' . :■
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r a b b i t  i s  c o m p a tib le  w i th  s e v e r e  anaem ia.

I t  a p p e a r s ,  t h e r e f o r e , t h a t  th e  anaem ia w hich  i s  a s s o c i a t e d  

w ith  F. h e p a t i c a  i n f e c t i o n s  o f  r a b b i t s  may be a t t r i b u t e d  t o  th e  

haem orrhage caused  by th e  p re s e n c e  o f  t h e  p a r a s i t e s  i n  th e  b i l e  

d u c t s .  I t  i s  p ro b a b le  t h a t  t h i s  haem orrhage i s  p ro d u ced  i n  one 

o r  b o th  o f  two. ways t -  - . ,

(a). The b lo o d  i s  sucked  from b lo o d  v e s s e l s  i n  th e  w a l l  of th e .

b i l e  d u c t  by th e  p a r a s i t e s .  ,

(b) The s p in e s  o f  th e  a d u l t  f l u k e s  l a c e r a t e  th e  w a l l  o f  th e

b i l e  d u c t  to  su ch  an e x te n t  as  to  cause  s e v e re  and c o n s ta n t  

haem orrhage..

From h i s t o l o g i c a l  s t u d i e s  o f  th e  f lu l te s  i n  t h e  b i l e  d u c ts  t h e r e  

i s  l i t t l e  doubt t h a t  th e  d u c ts  may be s e v e r e ly  l a c e r a t e d  ( t h i s  t h e s i s ;  

S e c t io n  5) and a degree: o f  .haem orrhage a lm ost c e r t a i n l y  o c c u rs  i n  t h i s  

way. F u r th e rm o re ,  th e  f a i r l y  f r e q u e n t  p re s e n c e  o f  f l u k e  eggs i n  th e  

c a ec a  of th e  p a r a s i t e s  i s  ev id en ce  t h a t  i n g e s t i o n  o f  b i l e  as d i s t i n c t  

from  a c t i v e  b lo o d - s u c k in g  must o c c u r  a t  l e a s t  on o c c a s io n s  (F ig .  2 0 ) .  

The p a r a s i t e s  do, how ever, ad h e re  by t h e i r  s u c k e r s  to  th e  mucosa o f  

th e  b i l e  d u c t (F ig .  21). and i t  i s  n o t u n re a s o n a b le  to  suppose t h a t  

t h e y  do suck b lo o d .  This  i s  su p p o r te d  by th e  f a c t  t h a t  r e d  and w h ite  

b lo o d  c e l l s  may be d e m o n s tra te d  f r e q u e n t l y  i n  th e  flu lce c a e c a  ( F i g . 16). 

i n  th e  p r o p o r t i o n s  i n  w hich  th e y  o cc u r  i n  b lo o d  and by th e  s t r o n g  

r e a c t i o n  o f  m a t e r i a l  from  th e  f lu k e  c a ec a  t o  t e s t s  f o r  o c c u l t  b lo o d  

as compared to  b i l e  ( a l th o u g h  th e  l a t t e r  may be due to  c o n c e n t r a t i o n  

o f  th e  b lo o d  i n  th e  c a e c a  as  h as  been d e s c r ib e d  by S tep h en so n  (1 9 4 7 ) .  

T h i s /  - 7 '
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This a s p e c t  o f  t h e  anaem ia has  been  i n v e s t i g a t e d  f u r t h e r  : and i s  

d e s c r ib e d  i n  th e  n e x t  s e c t i o n  of t h i s ' t h e s i s . , '  -

:... I f  . th e  p a r a s i t e ,  does suck  b lo o d ,  i t  may p ro v id e  , a h . e x p la n a t io n  

f o r  th e :  r e l a t i v e  l o n g e v i t y  o f  th e  p a r a s i t e  , in  th e  sheep  (T a y lo r ,  1949; 

D urb in  1952) and i n  r a b b i t s  (T a y lo r ,  1949). a s  compared to  c a t t l e  

( T a y lo r , 1949) ■ In , sheep  and r a b b i t s ,  t h e  b i l e  d u c t s  become f i b r o u s ,

b u t th e  c o n n e c t iv e  t i s s u e  rem a in s  . c e l l u l a r  and v a s c u l a r , w h ile  i n  

c a t t l e  t h e  b i l e  d u c t s  e v e n tu a l ly -b e c o m e . s C l e r o t i o  due t o  dense 

a o e l l u l a r  c o n n e c t iv e  t i s s u e ,  o r  to  d e p o s i t s  o f  c a lc iu m :( H u ty ra  e t  a l ,  

1946) ' and i t  i s  p o s s i b l e  t h a t  th e  f l u k e s  d ie  - when unable, t o  o b ta in  

b lood* ■ ■ /  . ■' ' ■ ' . ’■

Two p o i n t s  o f  c o n s id e r a b le  i n t e r e s t  a re  th e  m a c ro c y to s is .  and th e  

r e t i c u l o c y t o s i s  w h ic h ,o c c u r re d  a s ; c o n s t a n t  f e a t u r e s  o f  t h i s  ah aem ia . 

P ig ,  19 shows th e  E r i o e - lo n e s  c u rv e s  o f  4 r a b b i t s  b e f o r e '  i n f e c t i o n ,  

d u r in g  th e  a c u te  m ig r a to r y  s t a g e , and d u r in g  th e  c h ro n ic  s ta g e  o f  th e  

I n f e c t i o n ;  i n  each r a b b i t  th e :  mean d ia m e te r  was e l e v a t e d  i n  th e  l a s t  ; 

s t a g e ,  t h a t  i s ,  d u r in g  t h e , c o u r s e  o f  th e  anaem ia. A lso , m a c r o c y to s i s  

was a lm ost a lw ays .observed  i n  a s tu d y  o f  s t a i n e d  smears, and. was 

r e s p o n s i b l e  f o r  th e  in c r e a s e :  i n  th e  mean c o r p u s c u la r  volume:. I t  i s  

p ro b a b le  t h a t  t h e  i n c r e a s e d  M.D, was an- index  o f  a c c e l e r a t e d  ' . 

e r y t h r o p o i e s a s  (W hitby and B r i t t o n ,  1950) and was due i n  some m easure 

Vat l e a s t  ' to  t h e  la rg e ,  number o f  r e t i c u l o c y t e s ,.. c e l l s  which a r e  known 

t o  be l a r g e r  th a n  .mature r e d  c e l l s  (P e rs b n s ,  1 9 2 9 ) .  T h is  i s i n  marked 

c o n t r a s t  wibh o h ro n io  haeim orrhagic anaem ia i n  man (W hitby a n d - B r i t t o n ,  . 

1950} and . i n  dogs ( P a r r a r  and S tu r g i s  , 1$36ÿ - anaem ia i s  

u s u a l l y  o f  a  normochromic o r  hypochrom ic m ic r o c y t i c  ty p e  and th e  

number/ ' \  ' I ' l  V  : ' ’ ’ . .
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number o f  r e t i c u l p c y t a s  i n  th e  p e r i p h e r a l  b lo o d  i s  norm al o r  dec reased #  

The e x p la n a t io n  f o r  t h i s ,  d i f f e r e n c e  i n  r e s p o n s e  i s  p ro b a b ly

th e  p r e s e n c e  i n  t h e  r a b b i t s  o f  s u f f i c i e n t , i r o n  to  e n s u re  ad e q u a te  . . .  

haemo g lob  i n a t  io  n and thus, t o  m a in ta in  th e  . a c c e le r a te d  r a t e  o f  ; 

e r y th r o p o ie s i s . ;  Hynes : (19.49) h a s  shown t h a t  i n  a. man s u b je c te d  to  an 

a r t i f i c i a l l y  p ro d u ced  h ae m o rrh a g ic  anaem ia, th e  mean c o r p u s c u la r  

volume and th e  r e t i c u l o c y t e . c o u n t  r o s e  w h ile  haem og lob in  r e g e n e r a t i o n  

was m axim al, b u t  once t h e  i r o n  r e s e r v e s  became e x h a u s te d  b o th  th e  mean 

c o r p u s c u la r  volume and th e  - r e t i c u l o c y t e  co u n t d ropped  s h a r p ly .  F u r th e r  

ev id e n c e  t h a t  th e  r a t e  o f  b lo o d  l o s s  and n o t  i r o n  d e f i c i e n c y  was t h e  

prim ary, cause, o f  th e  anaem ia in . t h e s e  i n f e c t e d  r a b b i t s  i s  th e  f a c t  

t h a t  a  m ic r o c y t i c  hypochromic, ahaem ia  w i l l  d e v e l o p . i n  r a b b i t s  r e a r e d  

on an  i r o n  d e f i c i e n t  d i e t  (S m ith , M ed lico t.t  and E l l i s ,  1944) and t h a t  , 

i n  th e  p r e l im in a r y  ex p e r im e n t d e s c r ib e d  i n  t h i s  p a p e r  th e  a d m i n i s t r â t io r  

o f  in t r a v e n o u s  i r o n  to  two i n f e c t e d  r a b b i t s  d id  n o t  a l t e r  th e  p e r ip h e r a l  

blood, p ic tu r e . .  T h is  a s p e c t  i s  a t  p r e s e n t  b e i n g  f u r t h e r  i n v e s t i g a t e d  

w i th  p a r t i c u l a r  r e f e r e n c e  to  th e  serum i r o n  l e v e l s  and to  th e  i r o n  

com bin ing  power of t h e  se ra *  /  • r .

.The f a c t  t h a t  th e  c o a g u la t i o n  tim e was n o t  u s u a l l y  in c r e a s e d  

'even  d u r in g ,  th e  tim e whe.h l i v e r  d e s t rh o t . io n  was a t  i t s  p e a k ,  i .  é . ab o u t 

6 o r  7 weeks a f t e r  i n f e c t i o n ,  i s  o f  i n t e r e s t  i n  v iew  o f  t h e  r o l e  of  

f i b r i n o g e n  i n  c l o t  fo rm a t io n  and th e  m a n u fa c tu re  o f  t h i s  s u b s ta n c e  

by th e  l i v e r  ; th e  c o a g u la t io n  tim e was in c r e a s e d  i n  o n ly  one 

r a b b i t /  . , .. :  ̂ - ,
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r a b b i t ,  H 3l8, ITS and 180 days a f t e r  in f e c t io n #

In  man, a c c o rd in g  to  V/hitby and B r i t t o n  (195Q ), t h e  s e d im e n ta t io n  

r a t e  i s  i n c r e a s e d  i n  a l l  c o n d i t io n s  w h e re - th e r e  i s  t i s s u e  breakdown 

o r  where f o r e i g n  p r o t e i n  e n t e r s  th e  b lo o d .  These two c o n d i t io n s  a r e  

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

( 1946 ) o b se rv e d  an in c r e a s e d  s e d im e n ta t io n  r a t e  ; th e  g r e a t e r  th e  

l i v e r  damage and th e  more numerous th e  p a r a s i t e s ,  th e  more th e  

s e d im e n ta t io n  r a t e  was in c r e a s e d .  In  ou r  r a b b i t s ,  th e  s e d im e n ta t io n  

r a t e ,  w hich  i s  n o rm a lly  n e g l i g i b l e ,  was h o t  i n c r e a s e d  d u r in g  i n f e c t i o n .  

The f r a g i l i t y  o f  th e  r e d  c e l l s  was examined on so few o c c a s io n s  

t h a t  i t  i s  n o t  p o s s i b l e  t o  draw any d e f i n i t e  c o n c lu s io n s ;  i n  th e  few 

samples, o f  i n f e c t e d  b lo o d  which were examined, th e  f r a g i l i t y  a p p e a re d  

to  be s l i g h t l y  dec reased #

I t  was i n t e r e s t i n g  t h a t  oedema was n o t o b se rv e d  a t  any tim e i n  

t h e s e  i n f e c t e d  r a b b i t s  s in c e  a d e g re e  o f  h y d ro th o ra x ,  h y d ro p e r ic a rd iu m , 

a s c i t e s  and oedema o f  t h e  lo o s e  c o n n e c t iv e  t i s s u e  o f  th e  t h r o a t  and 

b r i s k e t  i s  commonly e n c o u n te re d  i n  c h ro n ic  f a s c i o l i a s i s  i n  sheep and 

c a t t l e #

SUMMARY '

1# The l i t e r a t u r e  on th e  anaem ia a s s o c i a t e d  w i th  F a s c i o l a  h e p a t i c a  

i n f e c t i o n  i n  d o m estic  an im a ls  i s  re v ie w e d .

2., An ex p e rim en t i s  d e s c r ib e d  i n  w h i c h . r a b b i t s  w ere  e x p e r im e n ta l ly  

i n f e c t e d  w ith  c e r c a r i a e  o f  F. h e p a t i c a ; th e  anaem ia which, fo l lo w e d  

i n f e c t i o n  was s t u d i e d .  .

3 . /
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3 . The e h a r a c t e r i s t i c s  o f  th e  anaem ia  were com pared t o  th o s e  of 

o th e r  anaem ias  and i t  : was conc luded  t h a t  th e  anaem ia a s s o c i a t e d  

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

p ro d u ced  in  r a h h i t s  by c h ro n ic  haemorrhage,. . .

4 . The s i g n i f i c a n c e  o f  t h i s  f i n d i n g  i s  c o n s id e r e d  i n  r e l a t i o n  t o  

th e  c a l c u l a t e d  b lo o d  l o s s . c a u s e d  b y  th e  p re s e n c e  o f  t h e  p a r a s i t e s  i n  

i n f e o t e d  irabbits,. '.- ; a .- .

5# S e v e ra l  o th e r  a s p e c t s  o f  th e  anaemia a r e  d i s c u s s e d .
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Fig , 10, Normal r a b b i t  red  c e l l s .  Giemsa x I 50O.

F ig , 11, Red c e l l s  from anaemic r a b b i t ,  Giemsa x I 5OO.
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F ig . 12. R e tic u lo c y te s  in  b lood f ilm  of anaemic r a b b i t .  B r i l l i a n t  
c re sy l b lu e  and Giemsa x 1)00.

I

é

F ig . 1 ) . S ec tio n  of normal r a b b i t  t i b i a l  marrow showing 
d i s t r ib u t io n  of f a t ,  Giemsa x 400.
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F ig , 14, S ec tio n  of t i b i a l  marrow from anaemic f lu lc e -in fe c te d  
r a b b i t  showing h y p e rp la s ia  of th e  haem opoietic t i s s u e .  Giemsa x 400,

%

F ig , 1 ) , Film  of t i b i a l  marrow from anaemic f lu k e - in fe c te d  r a b b i t  
showing no rm oblastic  h y p e rp la s ia , Giemsa x 1000.
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F ig . 16 , T.S, of f lu k e . The lumina of th e  oaeca a re  f i l l e d  w ith  
in t a c t  red  and w hite b lood  c e l l s .  H.& E .x

F ig .17. L iver of r a b b i t  su b je c te d  to  l ig a t io n  of th e  common b i l e  
d u c t. The g a ll-b la d d e r  i s  g ro ss ly  en larged  and d is ten d ed .
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INTRODUGTIOH

I n  th e  p r e v i o u s  s e c t i o n  o f  t h i s  t h e s i s  i t  was shown t h a t  i n  t h e  

anaemia a s s o c i a t e d  w i t h  f a s c i o l i a s i s  o f  r a b b i t s ,  b lo o d  may be 

c o n s i s t e n t l y  d e m o n s t r a te d  i n  t h e  c o n t e n t s  o f  t h e  b i l e  d u c t s  and i n  

t h e  c a e c a  of  t h e  f l u k e s . .  The anaemia was a l s o  shown t o  be s i m i l a r  i n  

a l l  e s s e n t i a l  r e s p e c t s  t o  t h e  anaemia, p ro d u ced  by c h ro n ic  haem orrhage .

In  t h i s  s e c t i o n  o f  t h e  work an  a t t e m p t  h a s  b e e n  made t o  show t h a t

t h e s e  o b s e r v a t i o n s  a r e  co n n e c te d  and t h a t  t h e .anaemia a s s o c i a t e d  w i th

f a s c i o l i a s i s  i s  in d e e d  a  c h ro n ic  p o s t - h a e m o r rh a g ic  anaemia  p roduced  by

t h e  p r e s e n c e  o f  t h e  p a r a s i t e s  i n  th e  b i l e  d u c t s .  I n  o r d e r  t o  do t h i s

t h e  q u a n t i t a t i v e  a s p e c t  o f  b lood  consumption  by t h e  p a r a s i t e  h a s  been

s t u d i e d  w i th  t h e  use  of  i s o t o p i c a l l y  l a b e l l e d  b l o o d ;  t h e s e  e x p e r im e n ts

were c a r r i e d  out  i n i t i a l l y  w i th  ^ ^ P - l a b e l l e d  r e d  c e l l s  and. w i th  
111

I - l a b e l l e d  serum a lbum in  used s e p a r a t e l y .  I n  l a t e r  ex p e r im en ts  

l a b e l l e d  r e d  c e l l s  and l a b e l l e d  serum album in  were used  t o g e t h e r .

METHODS AND MATERIALS

^^P—l a b e l l e d  r e d  c e l l s

These were p r e p a r e d  e s s e n t i a l l y  a s  d e s c r i b e d  by  Hevesy (1 9 4 8 ) .  

F r e s h l y  ...drawn hep a r  i n i  se d r a b b i t  b lo o d  (5 m l . )  was t r e a t e d  w i th  a 

s m a l l  volume o f  r a d i o a c t i v e  p h o sp h a te  s o l u t i o n  c o n t a i n i n g  abou t  lOOyU 0 

and a m inu te  amount o f  c a r r i e r  p h o sp h a te .  A f t e r  i n c u b a t i o n  a t  37^0, 

f o r  two h o u rs  w i th  f r e q u e n t  m ix in g ,  t h e  l a b e l l e d  c e l l s  were c e n t r i f u g e d  

and washed f o u r  t im e s  w i t h  10 volumes each  t im e  o f  i c e  c o ld  i s o t o n i c  

s a l i n e .  I n j e c t i o n  o f  t h e  l a b e l l e d  c e l l s  was c a r r i e d  o u t  w i t h i n  a  few 

m in u te s / ;
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m inu tes  o f  t h e  f i n a l  w a s h i n g .

131 ■I - l a b e l l e d  serum a lbum in

Ah ' a lbum in ' ,  s o l u t i o n . w a s  prepared ' ,  f rom  r a b b i t  serum b y  rem oval  

o f  m o s t . of. th e .  g l o b u l i n s  v / i t h  l8/v sodium s u l p h a t e . A f t e r  d i a l y s i s  t h e  

a lbum in  Y;as t r a c e - l a b e l l e d  w i t h  as  d e s c r i b e d  by  F r a n c i s , M u l l ig an

and Wormall ( 1 9 5 1 ) .  . . '

.K j e l d a h l  a n a ly s e s

I n  some o f  t h e  e x p e r im e n ts  K je l d a h l , , a n a ly s e s  on t h e  f l u k e s  were . 

c a r r i e d  ou t  i n  o r d e r  t o  c o r r e c t  f o r  d i f f e r e n c e s  i n  t h e  . s i z e s  o f  t h e  

f l u k e s a n d  “t o  o b t a i n  , a more: s t a n d a r d  r e f e r e n c e  i n  c a l c u l a t i n g  b lo o d  

l o s s . ' . . .  /

When t h e  f l u k e s  were d i g e s t e d ,w i t h -  s u l p h u r i c  a c i d  and c a t a l y s t  

th e  anmionia,, f rom  an a l i q u o t  was s team  d i s t i l l e d  i n t o  4̂ & b o r i c  a c id  

c o n t a i n i n g  a m e thy l  r e d - m e th y l e n e  b l u e  i n d i c a t o r  ( s e e  Kabat and Mayer 

1948 p .283) . . The- aimiionia was t h e n  t i t r a t e d  w i t h  n / ? 0  .H61 using, 

a micro b u r e t t e . ■- i

R a d i o a c t i v i t y  d e t e r m i n a t i o n s  • -

A l l  d e t e r m i n a t i o n s  were made u s i n g  t h e  M6 l i q u i d  c o u n t e r  ( 2 0 th  

C en tu ry  E l e c t r o n i c s )... .Each sam ple 'w as  coun ted  f o r  a s u f f i c i e n t  t im e  

t o  g iv e  at- l e a s t  2 ,500  c o u n t s . . i . e . , ; a n  .3 .D.* o f  abou t  2^^. At l e a s t  

two such  d é t e r m i n a t i o n s  were c a r r i e d  out, on each  sample and where t h e  

d u p l i c a t e  count  . r a t e s  w e re  n o t  i n  good a g re e m e n t , . a ■t h i r d  d e t e r m i n a t i o n  

was made .• -

D e te r m in a t i o n  o f  a n d : : . b n  t h e ,  same sample

I n  t h e  exper im ent: 'where  ^ ^ ^ I - l a b e l l e d  serum a lbum in  and ■32p„-j;.Q_gged' 

r e d  c e l l s  were i n j e c t e d  s i m u l t a n e o u s l y ,  t h e : ^ ^ ^ I  and • ^ ^ P . a c t i v i t i e s  

were d e te rm in ed  as  f o l l o w s . .The t o t a l  r a d i o a c t i v i t y  (^31 j  ^ 32py .

eeioh : 9

S ta n d a rd  D e v i a t i o n .
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each sample was d e te rm in ed .  The % I  was then ,  removed by . s u l p h u r i c  

a c i d  d i g e s t  i o n ,  t h e  3^P r e m a in in g  i n  ..the d i g e s t  ; was c a l c u l a t ­

ed by d i f f e r e n c e .  ;■ ■ •>
. ■ i -  - T O T  .  ̂ ' 1  ■. ;. ' v -

S e l f - a b s o r p t i o n  of  > ■ I . :

d e t e r m i n a t i o n s  on homogenised f l u k e s  t h e  p o s s i b i l i t y  

o f  s e l f - a b s o r p t i o n  o f  th e  r e l a t i v e l y  s o f t  - r a d i a t i o n s  must he 

c o n s id e r e d .  An ex pe r im en t  was t h e r e f o r e  c a r r i e d  - out^ i n  which a  

s t a n d a r d  amount o f I —l a b e l l e d  serum a lbum in  was added t o  10 ml.  

samples  Of f l u k e  hom ogena te : o f  v a r y i n g  c o n c e n t r a t i o n s  a s  d e te rm in ed  

by k j e l d a h l ,  a n a l y s i s .  The r a d i o a c t i v i t i e s  o f  t h e s e  samples  were 

d e te rm in e d  nnd  a s e i f —a b s o r p t i o h  cu rve  c o n s t r u c t e d  r e l a t i n g  c o u n t s / ;  

min. o f  sà i ïp le  1 0 mgms.\ f l u k e  n i t r o g e n /  I n  a l l  ou r  e x p e r im e n ts  th e  

c o n c e n t r a t i o n s  o f  f l u k e  homogenates: used were w i t h i n  t h e  r a n g e  

shown i n  t h i s  s e l f - a b s o p p t i o n  curve  and t h e r e f o r e  no c o r r e c t i o h s  

were n e c e s s a r y .

I n f e c t i o n  o f  r a b b i t s

I n f e c t i o n  o f  r a b b i t s  was c a r r i e d  ou t  w i th  50 7 - d a y - o ld  

ce rc a r ia .e  e n c y s t e d  on O ellophane and f e d  on cabbage as  d e s c r i b e d  

i n  S ec t io n .  1 o f  t h i s  th e  s i s . ■ The i s o t o p e  ex p e r im en t  s were c a r r i e d  

out a t  l e a s t  n in e  weeks a f t e r  i n f e c t i o n .

f  B k P E R I M M T A b : : ■

E xper im en ts  w i t h  P—1 abe 11 ed r e d  c e l l s

■ Red b e l l s  from f l U k c i n f e c t e d  and normal r a b b i t s  were 

l a b e l l e d  w i th  a s  d e s c r i b e d .  The l a b e l l e d ,  c e l l s  were th e n  

suspended  i n  an e q u a l  volume o f  s a l i n e  and a  1 ml.  sample 

i n j e o t e d /  . : ' . .. ' : ■ ■
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i n j e c t e d  i n t o  t h e  m a r g in a l  v e i n  of t h e  . l e f t  e a r .  Each r a b b i t  was 

i n j e c t e d  w i t h  i t s  own r e d  c e l l s .  Blood sam ples  ( 5 m l . )  from th e  

m a rg in a l  v e i n  o f  t h e  r i g h t  e a r  were c o l l e c t e d  i n  h e p a r i n i a e d  

b o t t l e s ,  ,10 m ins .  and 1 h r .  a f t e r  i n j e c t i o n .  D u p l i c a t e  1 . 0  ml. 

samples  from each  b l e e d i n g  were made up t o  10 ml. f o r  c o u n t in g .  

Each r a b b i t  was k i l l e d  im m ed ia te ly  a f t e r  t h e  w i th d ra w a l  o f  th e  

second b lo o d  sa m p le , t h e  abdomen was opened, t h é  common b i l e  d u c t  

l i g a t e d  a t  i t s  j u n c t i o n  w i th  t h e  duodenum, and the. l i v e r  removed 

and washed f r e e  from s u p e r f i c i a l  b lo o d .  . The s u r f a c e s  o f  th e  . , 

common b i l e  duc t  and g a l l  b l a d d e r  were s e a r e d  w i th  a  h o t  s p a t u l a  

to  p r e v e n t .h a e m o r r h a g e ,  a  Pasteur ,  p i p e t t e  was i n s e r t e d  th rough ,  th e  

seared ,  a r e a s  and t h e  b i l e  was w i thdraw n,  t r a n s f e r r e d  to  a 10 ml. 

g r a d u a te d  c y l i n d e r  and made up to  volume f o r  c o u n t in g .

The l a r g e  e x t r a h e p a t i c  b i l e  d u c t s  which u s u a l l y  c o n t a in e d  

most of  t h e  p a r a s i t e s  were t h e n  opened, th e  f l u k e s  removed, r i n s e d  

i n  normal s a l i n e  and t r a n s f e r r e d  t o  a ^ K je ld a h l  i n c i n e r a t i o n  f l a s k .  

The l o b e s  of  t h e  l i v e r  were c a r e f u l l y  d i s s e c t e d  and any f l u k e s  i n  

th e  i n t r a h e p a t i c  b i l e  d u c t s  a l s o  c o l l e c t e d ,  r i n s e d ,  and added to  

th e  i n c i n e r a t i o n  f l a s k .  , A f t e r  s u l p h u r i c  a c i d  d i g e s t i o n  o f  t h e  

f l u k e s ,  t h e  d ig e s t - w a s  q u a n t i t a t i v e l y  t r a n s f e r r e d  to  a v o lu m e t r i c  

f l a s k  and made up to  10 ml.  f o r  c o u n t i n g .  In  some o f  th e  . 

e x p e r im e n ts  a l i q u o t s  of t h i s  d i g e s t ,  a f t e r  r a d i o a c t i v i t y  d e t e r m in ­

a t i o n  had been  c a r r i e d  o u t , were a n a ly s e d  f o r  n i t r o g e n  by t h e  

m ic r o - K j e l d a h l  p r o c e d u r e .

R a d i o a c t i v i t y  d e t e r m in a t io n s ,  were c a r r i e d  out on t h e  b lood  

sam ples ,  b i l e ,  and f l u k e  d i g e s t . ‘ The q u a n t i t y  of, ' b l o o d '  i n  t h e  

f l u k e s /
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f l u k e s  was c a l c u l a t e d  as  f o l l o w s :
. c o u n t s /m i n .  o f  sample 

V o l . o f  b lo o d  in , s a m p le  ( m l . )  =
c o u n t s /m i n /m l .b lo o d  (60 min. sample 

T h is  f i g u r e  f o r  th e  f l u k e s  was m u l t i p l i e d  by 24 t o  o b t a i n  an

app rox im a te  measure o f  th e  b lo o d  l o s s  p e r . d a y .

The r a d i o a c t i v i t y  o f  t h e  b i l e  of  t h e  normal and i n f e c t e d  r a b b i t s

v/as d e te rm in ed  i n  t h e  same way and i n  a l l  c a s e s  was found to  be sm a l l

compared to  t h e  a c t i v i t y  o f  t h e  f lu k e s , .  Some t y p i c a l  r e s u l t s  a r e  shown

i n  Table  10 ,  '

Table 10 :  R a d i o a c t i v i t y . o f  f lu lces  and. b i l e  from i n f e c t e d  r a b b i t s  and
b i l e  from c o n t r o l s .

R a b b i t  No, 

X

9

0

1
2

10

0701

C o n t ro l

Method 

3^P c e l l s

R a d i o a c t i v i t y  c /m in .

F lu k e s  ( t o t a l )  B i l e  ( t o t a l )

,474

2311

1293

1994

3985

1698

732

78

50

64

56

157

56

38

15

67

Where s e p a r a t e  d e t e r m i n a t i o n s  were c a r r i e d  out  on g a l l  b l a d d e r

b i l e /
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b i l e  and b i l e  from t h e  common b i l e  d u c t  o f  i n f e c t e d  a n im a l s ,  i t  was 

i n v a r i a b l y  found t h a t  the.  l a t t e r  w a s - th e  more a c t i v e ,

The 10 m in . b lo o d  sample was ta lceh !to. e n s u re  t h a t  no abnormal l o s s ,  

o f  l a b e l : o c c u r r e d  d u r in g  t h e . e x p e r i m e n t a l  p e r i o d ,

E x p er im en ts  . w i t h ^ ^ l p . t r a c e - l a b e l l e d  serum a lbum in

.1—l a b e l l e d  serum a lbum in  (1 ml.  ):-; was i n j e c t e d  i n t o  t h e  m arg ina l ,  

v e i n  o f  th e  l e f t  e a r  o f  a  number o f  normal and i n f e c t e d  r a b b i t s .  ; .Blood 

sam ples  from t h e  o p p o s i t e ,  e a r  were t a k e n  a t  10 mins^ and a g a in  

im m ed ia te ly  b e f o r e  t h e  r a b b i t s  were, s a c r i f i c e d  a t  1 h r .  The b i l e  was 

c o l l e c t e d  .as b e f o r e ,  t h e  f l u k e s  w e re .m a c e ra te d  i n  a . G r i f f i t h ' s  tu b e  and 

th e  homogenate t r a n s f e r r e d  t o .a 10 ml.  g r a d u a te d  c y l i n d e r ,  and made up t o  

volume f o r  count ing*  The b lo o d . s a m p le s  were d i l u t e d  1 . — 10 f o r  c o u n t in g ,  

and t h e  amount o f  r a d i o a c t i v i t y  e x p re s s e d  as  ml.  b lo o d  i n  t h e  f l u k e s  

c a l c u l a t e d  as b e f o r e .  In  t h e s e . e x p e r im e n ts  t h e  r a d i o a c t i v i t y  o f  t h e  

normal b i l e  was a g a in  n e g l i g i b l e  0omparedoW ithc tha t .kof . t h e  f l u k e s .

. RESULTS.- , : . ; - \  . i  ■ ■

. The r e s u l t s  o b t a i n e d  from 8 r a b b i t s  u s in g  JP - l a b e l l e d  r e d  c e l l s  

and .3 r a b b i t s  u s in g  ^ ^ ^ I —l a b e l l e d  serum album in  are- shown i n  Table  11 ,

:Table 1 1 / "  y
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Table  11 ;  C a l c u l a t e d  b lo o d  l o s s  o f  in f e c t e d ,  r a b b i t s »

R ab b i t  No» Method No»of f l u k e s  1 s t ,  b lo o d  l o s s  .. Blood l o s s  p e r  mg.
. i n  24 h r  s7(mlTT . f lulce ±n 2 4- h r  s .

~iyôtûMi I ml.  ) ~  "

Z . c e l l s  6 0 .6 7  0 .0 2 4

.:  9 . " . ' , 25 4 .8 0  0 .024

0 , 18 2 .6 0  0 .017

1 . " 25 4 .8 2  . 0 .026

2 " , 3.4 : 7 .6 0  0 .031  .

10 :. " . 133 7 .7 0  ■ iL.

0703 " . 20 4.20, ,

5 , . , " „ 7 : 3 .  30 ' , ü .

A serum 32 3 .8 6  . m
p r o t e i n

13, " . 20 ; 2 .1 0  .

P299 . 20 2 .13  . _

Although  t h e r e  i s  some d e g ree  o f  c o r r e l a t i o n  be tw een  th e  e s t i m a t e d  

b lo o d  loss ,  i n  24 h o u r s ,  and t h e  number of  f l u k e s  p r e s e n t ,  t h i s  i s  n o t  

marked and t h e  d i f f e r e n c e s  a r e  p r o b a b ly  due to  v a r i a t i o n s  i n  th e  f e e d i n g  

a c t i v i t i e s  of  t h e  f l u k e s  d u r in g  t h e  p e r i o d  o f  t h e  ex p e r im en t  and t o  t h e i r  

r e l a t i v e  s i z e s .  A somewhat c l o s e r  c o r r e l a t i o n  i s  o b t a i n e d  i f  e s t i m a t e d  

b lo o d  l o s s  i s  e x p r e s s e d  p e r  mgm. o f  f l u k e  n i t r o g e n .  I n  t h i s  c o n n e c t i o n ,  

i t  i s  i n t e r e s t i n g  t h a t  when th e  c a e c a  of th e  f l u k e s  a r e  f i l l e d  w i th  a 

d a rk  brown or r e d , m a t e r i a l  t h e i r  r a d i o à c t i v i t y a i b i p a r t i c u l à f l y - - h i g h .

I n ' t h e  t h r e e  r a b b i t s  which were i n j e c t e d  w i th  I —l a b e l l e d  serum 

album in  th e  c a l c u l a t e d . b l o o d  l o s s  i n  24 h o u rs  a p p e a r s  to b b e  l e s s  t h a n  

i n  t h o s e  r a b b i t s  i n j e c t e d  w i th  l a b e l l e d  c e l l s .  T h is  f i n d i n g  i s  

d i s c u s s e d /
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d i s c u s s e d ' l a t e r »  '■■■■’ / b / b ' - . ' b

To o b t a i n  more i i i f  o r  mat io n  on the ,  p rob lem , e x p e r im e n ts  w e r e . v 

c a r r i e d  ou t  i n  w bicb  each  r a b b i t  was i n j e c t e d  s i m u l t a n e o u s l y  wit | i ;  

■^^P-label led  c e l l s  and . ^ ^ ^ I - l a b e l l e d  sérum albumin»

E xper im en ts  w i t h  3Rp_.]_abe l l e d t e d  c e l l s  . and ; ^ ^ ^ i H a b e l l e . d  serum a lb u m in

i n j  e c t e d  ' s im u l ta h e o .u s ly  ■ ■

I n  t h i s b e x p e r i m e n t  t h e  a c t i v i t y  o f  one o f  t h e  i s o t o p e s  was 

d e te rm in ed  by d i f f e r e n c e  be tw een  t o t a l  r a d i o a c t i v i t y  and t h a t  o f

t h e  o t h e r  i s t b t o p e , . ( see '  under  methods and m a t e r i a l s ) » The a c c u ra c y  

o f  s u c h  a: d e t e r m i n a t i o n  depends . t o  some e x t e n t  on th e  amounts o f  

t h e  two i s o t o p e s  p r e s e n t»  I t  is. e s s e n t i a l  t h a t  t h e  a c t  i y  i t  y o f  the. 

i s o t o p e  which i s  d e te rm in e d  by ' . d i f f e r e n c e ’ s h o u ld  n o t  .be sm a l l  

compared to  t h e b a c t i v i t y  o f  t h e  one d e te rm in ed  . d i r e c t l y .  I n  t h e s e  

ex p e r im en ts  we have, found i t -  co n v e n ien t  to.; work w i th  and ^ ^ ^ I  : ^

a c t i v i t i e s  o f  th e  same O rd e r . ' -

A s o l u t i o n  o f  I —l a b e l l e d  r a b b i t  serum a lb u m in  was p r e p a r e d  

as  d e s c r ib e d , .  I t  was found  c o n v e n ie n t  i n  p r a c t i c e  t o  p r e p a r e  

l a b e l l e d  r e d  c e l l  s u s p e n s io n s  o f  g r e a t e r  t h a n  th e  r e q u i r e d  r a d i o ­

a c t i v i t y  and t o  d i l u t e  t h e s e  w i th  i n a c t i v e  c e l l s  from th e  same 

an im al  t o  g iv e  a p p r o x i m a t e l y . t h e  same count  r a t e / m l .  a s  . the. l a b e l l e  d: 

a lbum in  s o l u t i o n .  ' -

Samples o f  l a b e l l e d  c e l l s  ( 2 . 0  m l . ) f rom e a c h  r a b b i t  and 2 ,0  ml. 

^ ^ ^ I - l a b e l l e d  a ibum ih  s o l u t i o n  ware mixed th o r o u g h ly  i n  a sm a l l  

. b e a k e r . 2.» 0. m l . o f  t h e  m ix tu re  were i n  j e  c t e d  i n t  o t h e  m a rg in a l  v e i n

o f  t h e  l e f t . e a r . , Blood sam ples  (6»0 m l , ) were c o l l e c t e d  i n  

h e p a r i n i s e d /  ; . ■ b .I'-- , ,
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h e p à r ïn i s e c l  b o t t i e s  from t h e  m a rg in a l  V e in  o f  t h e  r i g h t  e a r  a t  

10 min. . and im m ed ia te ly  b e f  o re  k i l l i n g  .the , an im al  a t  60 min*

F lu k e s  and b i l e  - were remoyed a s  b e fo re . -  The f l u k e s  from, each 

an im a l .w e re  homogenized i n  a G r i f f i t h ' s tu b e  and made, up t o  10 ml.  

The t o t a l  b i l e  and d u p l i c a t e  sam ples  ( 1 .0  m l . )  from t h e  10 m in .  

and 60 min. b l e e d i n g s  w e r e . a l s o  d i l u t e d  to  10 ml.  T o t a l  r a d i o ­

a c t i v i t y  i . e .  C3Rp=.-t l 3 1 i )  was: de te rm in ed  on the .  f l u k e  homogenatev 

b i l e  and b lo o d  samples* , : -

■ T r i p l i c a t e . b lood;  samples  (.1.0 m l.  ) from each  b l e e d i n g ,  

d u p l i c a t e  a l i q u o t s  (4*0 ml.  ), o f  t h e  f l u k e  homogenate ,  and t h e  

t o t a l  b i l e  w e r e . f r e e d  f rom l l l l  by d i g e s t i o n  as' d e s c r i b e d .  The , • 

d i g e s t s  were each  made up to  10 ml.  f o r  c o u n t in g  and t h e  

a c t i v i t y  d e t e rm in e d ,  a c t i v i t y :  was c a l c u l a t e d  b y  d i f f e r e n c e .

I t  was th u s  p o s s i b l e  t o  c a l c u l â t e  t h e  I  r a t i o  i n  t h e  b lo o d

a n d , f l u k e s .  The r e s u l t s  a r e  shown i n  Table  1 2 .  Some d i f f i c u l t y  

was e n c o u n te r e d  i n  .the d i g e s t i o n  o f  t h e  b i l e  sam ples  ( l o s s e s  

o c c u r r e d  due t o  f  oaming a^d sp u r t in g ) ,  and t h e  r e s u l t s  a r e : t h e r e ­

f o r e ,  no t  i n c l u d e d  i n  Table  12 .  '

Table  1 2 ; /
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Table  1 2 : r a t i o s  i n  f l u k e s  and b lo o d

32pyd.31i

R a b b i t  • 
-Ho*

G

9

10

16

17

18 

19 

51 

54

10 min* 
b lo o d

; 0 .93

1*83 :

■ 0 .9 3

1*65

1 .4 7  :

' 0 .95

1*54

0*86

1*00

60 min* 
.b lo o d

0*96

1.81

0*92

1 .85  .

1.61

0 .91

1.56

0 .8,2 .
1 .0 4

f l u k e s  (-^^P/^^^I) 60 m in .b l o o d X ^ ^ P /^ ^ ^ I ) f lu k e s

1*84

3*47

1.62
3*39

2 .9 5

1*68

2*17

1*52

1 .5 8

Mean

1 . 9 2  

1*92 /  

1 .7 6

1 .8 3

1 .8 3  

1*85

-, 1 .3 9  ,„

1 .8 7  

1 . 5 2  

1 . 7 7  Î  0 .1 7

I t  can  be s e e n  f rom Table 12. t h a t  t h e  r a t i o s  i n  t h e  f lu lces

a r e  i n  a l l  c a s e s  g r e a t e r  t h a n  th o s e  in ,  th e  . 60 min. b lo o d  sam ple .  I f  

t h e s e  r a t i o s  had been  e q u a l  i t  co u ld  have b een  i n t e r p r e t e d  as  due to  

t h e  i n g e s t i o n  by the .  f l u k e s  o f  r e d  c e l l s  and p lasm a i n  th e  same 

p r o p o r t i o n s  a s  found  i n  whole -blood. The 8 2 p ^ l 3 l j  p a t i o s  i n  th e  b lo o d  

a t  10 min. and 60 min* show t h a t  no s i g n i f i c a n t  v a r i a t i o n  i n  t h i s  r a t i o  

to o k  p l a c e  d u r in g  th e  e x p e r i m e n t a l  p e r i o d .

When th e  r a t i o s  i n  t h e  f l u k e s  a re  d i v i d e d  by th e

c o r r e s p o n d in g  f i g u r e  f  or t h e  60 min. , b lo o d  sample a r em a rk a b ly  

c o n s t a n t  v a l u e  i s  o b t a i n e d .

DISCUSSIOH/
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DISCUSSION

I n  th e  e x p e r im e n ts  d e s c r ib e d '  i n  t h i s  s é b td ô a  an à t tem pt has  , 

b e e n  made to  o b t a i n  a -m easu re  o f  t h e  q u a n t i t y . o f  b lo o d  consumedd. 

by t h e , f l u k e s  a n d . t h e r e f o r e  l o s t  t o  th e  h o s t  a n i m a l .. , ,

I n  o u r  e x p e r im e n ts  w i t h  l a b e l l e d  r e d  c e l l s ,  we have 

c a l c u l a t e d  a b lo o d  l o s s  o f  a p p ro x im a te ly  0*25 ml.  per .  d a y  pair .' ,

f l u k e a n d  in . , th e  t h r e e  r a b b i t s  u s in g  131 I - l a b e l l e d  serum a lbum in  

abou t  h a l f  t h i s  amount.

.. . U s ing  t h e  mean. l ^ P  . f i g u r e  a r a b b i t  h a v in g  3.0 f l u k e s  i n  i t s  

b i l e  duct, would s u f f e r  a b lo o d  ' lo ssb  o f  abou t  7*5 ml.  p e r  day .

That r t h i s  amount o f  d a i l y . b l o o d  l o s s  i s  s u f f i c i e n t  t o  p ro d u ce  a 

marked anaemia i s  s u b s t a n t i a t e d  by th e  work o f  S t e e l e  (1933) and 

o f  Oberg (1949) who removed on an av e rag e  4-8  ml.  o f  b l o o d ; p e r  

day from r a b b i t s  o v e r  a p e r io d ,  o f  s e v e r a l  m onths ,  w i th  th e  

p r o d u c t i o n  o f  a d eg ree  of. anaemia o f  s i m i l a r  o r d e r  t o  t h a t  found 

i n  o u r ; ' e x p e r im e n ta l . r a b b i t s .  . ' /b I r l - .  - ' /  I'

Thé ' low er  f i g u r e  f o r  b lood  l o s s  u s in g  13.1 p - i a b e l l e d  ser.Um - 

a lbum in  i s  s u b s t a n t i a t e d ; b y : t h e  r e s u l t s  o f  our  ex p e r im en t  w i th  

t h e  two i s 01opes s i m u l t a n e o û s l y .  An. i n t e r e s t i n g  f  e a t u r e  o f  t h e . / ; 

s im u l ta n e o u s  ex p e r im en t  was t h e  r e l a t i o n s h i p  o f  t h e  3'^P/^'^^I r a t i o  

i n  blood: and i n  th e  f l u k e s  ( s e e  column 5 — Table  1 2 ) .  This  c o u ld  

i n d i c a t e  a p r e f e r e n t i a l  u p ta k e  by t h e  f lu lces  -of r e d  c e l l s ,  o r  o f  

' l a b e l l e d  . p r o d u c t s  from, t h e  r e d  c e l l ' s , comparedoWith;;that,  o f  p lasm a 

' Æ  p o s s i b i l i t y ;  i s  t h a t  ; t h e  t u r n o v e r  o f  th e  m e ta b o l i c  ; .

p r o d u c t s  o f  t h e  l a b e l l e d  p lasm a p r o t e i n s  i s  more r a p i d  t h a n  t h a t  

/ o f / - ; ; ; : ; ; :  ; ; ;  : -, ■
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of  t h e  l a b e l l e d  m a te r i a l s ,  from t h e  r e d  c e l l s .  A f i n d i n g  s u p p o r t i n g  

e i t h e r  o f  t h e s e  two h y p o th e s e s  i s  t h a t ,  i n  t h r e e  c a s e s  where a n a ly s e s  

were o b ta in ed ,  f o r  b o th  i s o t o p e s  i n  t h e  b i l e , \  t h e  ^ r a t i o  was

s m a l l e r  t h a n  t h a t  i n  b lo o d  and m arked ly  s m a l l e r  t h a n  t h a t  i n  th e  f l u k e s .

I t  must be p o i n t e d  ou t  t h a t  i n  t h e s e  e x p e r im e n ts  what one m easures  

i s  ^^P and l ^ lp .  a c t i v i t i e s  and t h e  as sum pt ion  i s  made t h a t  t h e s e  c o r r e s ­

pond t o  th e  r e d  c e l l s ,  and p lasm a p r o t e i n  o r i g i n a l l y  l a b e l l e d .  However, 

some l o s s  o f  ' l a b e l '  does o ccu r  i n  t h e  body, e . g .  ^^P e s c a p i n g  from 

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

en d o th e l iu m  sys tem . C a tab o l i sm  of  t h e  l a b e l l e d  seruun a lbum in  a l s o  

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

p r o d u c t s .  .

Normal b i l e  c o n t a i n s  phosphate ,  a n d . i t  i s  a l s o  r e c o g n i s e d  t h a t  th e  

b i l e  i s  one o f  th e  pathways f o r  t h e  e x c r e t i o n  o f  i o d i n e  and c e r t a i n  

i o d i n a t e d  compounds. I t  i s  t o . b e  e x p e c te d ,  t h e r e f o r e ,  t h a t  a f t e r  th e  

i n j e c t i o n  o f  ^'^P—l a b e l l e d  c e l l s  o r  / ^ ^ ^ I - l a b e l l e d  serum a lbum in  some 

r a d i o a c t i v i t y  w i l l  ap p e a r  i n  th e  b i l e  o f  normal a n i m a l s .  This  was found  

t o  be t h e  ca se  i n  our c o n t r o l  a n im a l s .  Our j u s t i f i c a t i o n  f o r  u s in g  th e  

r a d i o a c t i v i t y  o f  t h e  f lu lces  as  a  measure of  ' b l o o d '  consum ption  depends 

on th e  l a r g e  q u a n t i t a t i v e  d i f f e r e n c e  between  th e  r a d i o a c t i v i t y  o f  

f lu lces  a n d . t h a t  o f  t h e  b i l e  o f  th e  c o n t r o l  a n im a l s .

I t  i s  f e l t  t h a t  f u r t h e r  e x p e r im en ts  u s in g  d i f f e r e n t  l a b e l l i n g ,  

t e c h n i q u e s  f o r  r e d  c e l l s  and p lasm a p r o t e i n s  a r e  i n d i c a t e d , . a . £.. r e d  

c e l l s  l a b e l l e d  w i th  r a d i o a c t i v e  Pe and p lasm a p r o t e i n s  l a b e l l e d  w i th

35 ■: " . ' . ". ■' ■■ ■ ' ■ --S* The ' ad v a n tag e s  o f  m u l t i p l e  l a b e l l i n g  i n  t h i s  ty p e  o f  ex p e r im en t

a r e  o b v io u s ,  £ . £ .  the. use  o f  p lasm a p r o t e i n  l a b e l l e d , s im u l t a n e o u s l y  

w i t h /  ‘ . •
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w i th  I  a n d w i l l  e n a b le  one t o  make a more v a l i d  a s s e s s m e n t  o f
1^1t h e  im p o r tan ce  o f  I —l a b e l l e d  c a t a h o l i o  p r o d u c t s  i n  th e  b i l e .  While

t h e  e s t i m a t e s  o f  b lo o d  l o s s  r e p o r t e d  i n  t h i s  s e c t i o n  ca n n o t  be r e g a r d e d  

as  a f i n a l  and a b s o l u t e  measurement,  t h e y  appea r  t o  be o f  t h e  r i g h t  

o r d e r  and g iv e  a d d i t i o n a l  c o n f i r m a t io n  o f  th e  h aem o rrh ag ic  n a t u r e  o f  

t h e  anaemia.

■ ' SmiMA'RY . Am  OONCLUSIOI^S

Red c e l l s  l a b e l l e d  w i th  and serum a lbum in  l a b e l l e d  w i th  

have b een  used  to  s t u d y  t h e  anaemia a s s o c i a t e d  w i t h  £ .  h e p a t i c a  

i n f e c t i o n s  ! i n  r a b b i t s  and, to  make an e s t i m a t e  o f  th e  amount o f  th e  

d a i l y  b lo o d  l o s s .  The b lo o d  l o s s  as c a l c u l a t e d  from e x p e r im en ts  

i s  o f  s u f f i c i e n t  m agnitude  to  accoun t  f o r  th e  anaemia* Somewhat 

s m a l l e r  v a l u e s  were o b t a i n e d  u s in g  ^ 3 1 m , a b e l l e d  serum a lbum in .

When ^ ^ ^ I - l a b e l l e d  serum a lbum in  and ^ ^ P —l a b  e l  l e d  r e d  c e l l s  were 

used  s im u l t a n e o u s ly  i t  was found t h a t  r a t i o  i n  t h e  f l u k e s  was

c o n s i s t e n t l y  h i g h e r  t h a n  i n  t h e  b lo o d ,  ^

The use  o f  r a d i o i s o t o p e  techn iq .ues  i n  th e  i n v e s t i g a t i o n  of t h i s  

t y p e  o f  problem- i s  d iscussed*.
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INTRODUQTIOH

I n  t h i s  p a r t  of  t h e  t h e s i s ,  an  ex p e r im en t  i s  d e s o r i b e d  i n  which  

t h e  p r o t e i n  f r a c t i o n s  o f  P .  h e p a t i c a  were used  a s  immunizing a n t i g e n s  

i n  an a t t e m p t  t o  s t i m u l a t e  a r e s i s t a n c e  t o  t h e  n a t u r a l  i n f e c t i o n .  

Throughout th e  ex pe r im en t  t h e  a n t ib o d y  l e v e l s  o f  t h e  s e r a  o f  t h e  

immunized and i n f e c t e d  r a b b i t s  were s t u d i e d  by th e  q u a n t i t a t i v e  

p r e c i p i t i n  t e s t .  I n  t h i s  i n t r o d u c t i o n  t h e  r e l e v a n t  l i t e r a t u r e  on 

immunity t o  h e lm in th  p a r a s i t e s  and on th e  q u a n t i t a t i v e  p r e c i p i t i n  

t e s t  i s  rev iew ed  s e p a r a t e l y .

Immunity to  h e lm in th  p a r a s i t e s

R e s i s t a n c e  o f  a n  an im a l  t o  a  h e lm in th  i n f e c t i o n  may t a k e  t h e  

form o f  e i t h e r  t r u e  a c q u i r e d  immunity o r  of p r é m u n i t  y . I n  t h e  fo rm e r ,  

t h e  immunity i s  e s s e n t i a l l y  a  p o s t - i n f e c t i o n  s t a t e  i n  which  r e s i s t a n c e  

to  r e i n f e c t i o n  i s  n o t  dependen t  on th e  p e r s i s te n c e *  o f  t h e  i n i t i a l  

i n f e c t i o n .  In  t h e  l a t t e r  t h e  r e s i s t a n c e  t o  r e i n f e c t i o n  depends on 

t h e  p e r s i s t e n c e  o f  a n  e a r l i e r  i n f e c t i o n  and i s  a c t u a l l y  a r e s i s t a n c e  

t o  s u p e r i n f e c t i o n ;  a l t h o u g h  t h i s  concep t  of  p rem u n i ty  would seem t o  

imply a r a t h e r  s t a t i c  s t a t e  o f  a f f a i r s ,  i t  h a s  been  shown i n  r e c e n t  

y e a r s  by v a r i o u s  w orkers  ( S t e w a r t ,  1950a, b ,  c,;d; T ay lo r  and M iche l ,  

1953; Gibson, 1953) t h a t  t h e  mechanism o f  p re m u n i ty  i s  a c t u a l l y  

v e ry  complex and dynamic.

One may a t t e m p t  to  p roduce  t r u e  a c q u i r e d  immunity by two m ethods.  

F i r s t ,  by i n f e c t i o n  o f  t h e  h o s t  w i th  t h e  p a r a s i t e  and e n s u r i n g  

e l i m i n a t i o n  of  t h e  l a t t e r  b e f o r e  r e i n f e c t i o n ,  and second ,  by t h e  

i n j e c t i o n  o f  e x t r a c t s  of  t h e  p a r a s i t e .

The f i r s t  method i s  p r e f e r a b l e  i f  th e  s p e c i f i c  immunity i s

t h o u g h t /
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th o u g h t  t o  he dependen t  on t h e  s t i m u lu s  o f  t h e  e x c r e t o r y  or s e c r e t o r y  

p r o d u c t s  of  t h e  worms and immunity to  t r e m a to d e  i n f e c t i o n  h as  been  

s t u d i e d  i n  t h i s  way by a  number o f  w o rk e rs .  One o f  t h e s e  was Ozawa 

(.1930) who showed t h a t  i f  dogs a r e  cured  of  a  f i r s t  i n f e c t i o n  of 

s c h i s to s o m e s  by an i n j e c t i o n  o f  s t i b n a l ,  t h e i r  r e s i s t a n c e  t o  a  second 

i n f e c t i o n  o f  c e r c a r i a e  i s  g r e a t l y  i n c r e a s e d  as judged  by  th e  number 

and s i z e  o f  t h e  p a r a s i t e s  which d ev e lo p ,  Also w ork ing  w i t h  s c h i s to s o m e s ,  

F a i r l i e , .  5 Mackie ,  and J a s u d a s a n  (1930) i n f e c t e d  monkeys w i th  S. s p i n d a l e , 

n o rm a l ly  a p a r a s i t e  o f  man; w h i le  th e y  o b ta in e d  p a r t i a l  development 

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

was fo l lo w e d  by sp o n ta n eo u s  r e c o v e r y  and su b se q u en t  a t t e m p t s  to  r e i n f e c t  

t h e s e  monkeys were a lm o s t  co m p le te ly  u n s u c c e s s f u l .  More r e c e n t l y  kagan  

and Lee (1953) have d e m o n s t r a te d  t h a t  a c q u i r e d  immunity tow ards  

Ŝ . d o u t h i t t i  i n  mice s u b s i d e s  a p p ro x im a te ly  3 weeks a f t e r  t h e  end o f  

e f f e c t i v e  t r e a t m e n t .

The p a r a s i t e  which has  p r o b a b ly  been most e x t e n s i v e l y  s t u d i e d  i n  

r e s p e c t  o f  immune r e a c t i o n s  i s  N ip p o s t ro n g y lu s  m u r i s , a nematode 

p a r a s i t e  o f  t h e  r a t .  In  a s u s c e p t i b l e  an im a l ,  th e  i n f e c t i v e  l a r v a e  

o f  t h i s  s p e c i e s  p e n e t r a t e  t h e  s k i n  and a r e  c a r r i e d  by th e  b lood  t o  th e  

l u n g s ,  where th e y  b r e a k  i n t o  t h e  a i r  p a s s a g e s ;  t h e y  a r e  t h e n  coughed 

up and swallowed,  and s e t t l e  down i n  th e  sm a l l  i n t e s t i n e  where t h e y  

become a d u l t  ; n o rm a l ly  t h e  b u lk  o f  th e  i n f e c t i o n  i s  th ro w n  o f f  

s e v e r a l  weeks a f t e r  i n f e c t i o n .  I t  has  been  shown by s e v e r a l  w orke rs  

( A f r i c a ,  1931; S chw ar tz ,  A l i c a t a  and Lucher ,  1931; T a l i a f e r r o  and 

S e r i e s ,  1939) t h a t  i f  r a t s  a r e  r e i n f e c t e d  a f t e r  t h i s  sp o n ta n eo u s  
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r e co v e ry  has occurred , th e  subsequent i n f e c t i o n  produces fewer and 

sm aller  worms. Repeated, r e i n f e c t i o n s  in c r e a se  t h i s  immunity and 

e v e n tu a l ly  in vad ing  la r v a e  are k i l l e d  in  the lu ngs and in  the sk in .

T a l ia fe r r o  ( 1 9 4 0 ) , an a u th o r ity  on helm inth  immunity has 

concluded th a t  p r e c i p i t i n s  o f  fu n c t io n a l  importance in  immune 

r e a c t io n s  o f  the h o st  are formed in  resp onse  to  m a te r ia ls  d ischarged  

by the  worm.

The second method of producing acquired immunity, th a t  i s ,  the  

in j e c t io n s  o f  e x t r a c t s  o f  the p a r a s i t e ,  i s  n ece ssa ry  i f  one w ish es  

to  study the immunological p r o p e r t ie s  o f  s p e c i f i c  f r a c t io n s  o f  the  

p a r a s i t e ,  and to  quote Oraig and Faust (1951) ,  "As y e t  very  l i t t l e  

c r i t i c a l  work has been done in  animal p a r a s i t o lo g y  to  determ ine the  

r e l a t i v e  s p e c i f i c i t i e s  o f  the  p r o te in ,-p o ly s a c c h a r id e  and c h o le s t e r o l  

f r a c t io n s  o f  whole a n t ig e n . This f i e l d  d eserv es  much more thorough  

and c a r e fu l  i n v e s t i g a t i o n . " Work w ith  whole worm e x t r a c t s  has  

demonstrated th e  presen ce  o f  acquired  immunity in  f a s c i o l i a s i s  o f  

r a b b it s  (Kerr and P e tk o v itc h ,  1 935) ,  s c h is to s o m ia s i s  o f  dogs (Ozawa, 

1 9 3 0 ) ,  s c h is t o s o m ia s i s  o f  mice ('Watts, 1949) ,  C y st ic  ere us f a s c i o l a r i s  

in f e c t io n s  o f  r a t s  ( M i l le r ,  1 9 3 2 ) ,  and in  haemonchosis o f  sheep  

( S t o l l ,  1942) .  Probably th e  most s t r ik in g  o f  th e se  experim ents was 

the work of M i l le r  (1932) who was a b le ,  by the rep ea ted  i n j e c t i o n  

in to  r a t s  of d r ied  ad u lt  Taenia ta en ia e fo rm is  to  produce an a lm ost  

s o l i d  immunity to  i n f e c t i o n  w ith  la r g e  numbers of  onchospheres. This 

immunity p e r s i s t e d  fo r  s e v e r a l  months a f t e r  the  l a s t  in j .e c t io n  o f  

a n tig e n . Stewart (1950b) has rep orted  th a t  he f a i l e d  to  p r o te c t  

sheep a g a in s t  Haemonchus co n to rtu s  or T r ich o stro n g y lu s  sp . by means 
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of v a c c i n e s  p r e p a r e d  from ground i n f e c t i v e  l a r v a e .

The Q u a n t i t a t i v e  p r e c i p i t i n  t e s t

Y/hen a s o lu b l e  a n t i g e n  i s  mixed i n  th e  c o r r e c t  p r o p o r t i o n s  w i th  

t h e  c o r r e s p o n d in g  a n t i s e r u m  a p r e c i p i t a t e  c o n t a i n i n g  b o th  a n t i g e n  

and a n t ib o d y  may be formed. While th e  p r e c i s e  mechanism of  t h i s  

r e a c t i o n  i s  s t i l l  i n  d i s p u t e  (M arrack ,  1938; P a u l i n g ,  1940; H e id e l— 

b e r g e r ,  1949) i t  i s  g e n e r a l l y  ag re e d  t h a t  th e  s p e c i f i c  p r e c i p i t a t e  i s  

formed as  a  r e s u l t  of  u n io n  between a n t i g e n  and a n t ib o d y  m o le c u le s ,  

fo l lo w e d  by s e p a r a t i o n  from s o l u t i o n  o f  t h e  i n s o l u b l e  a n t i g e n —a n t ib o d y  

complex. Ihe  amount and c o m p o s i t io n  of th e  p r e c i p i t a t e  o b ta in e d  from 

a g iven  q u a n t i t y  of  a n t i s e r u m  depends on th e  r e l a t i v e  amount o f  s p e c i f i c  

a n t ib o d y  i n  th e  a n t i s e r u m  and on th e  amount o f  a n t i g e n  added. When 

i n c r e a s i n g  amounts of  p r o t e i n  a n t i g e n  a re  added to  a f i x e d  amount of  

a n t i s e r u m  th e  q u a n t i t y  of p r e c i p i t a t e  in c re a se s ,  up to  a maximum and 

th e n  d e c r e a s e s  as  shown i n  P ig .  22. I f  t h e  s u p e r n a t a n t s  o f  such  a
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sys tem  a r e  t e s t e d  f o r  f r e e  a n t i g e n  and a n t ib o d y ,  th e  e x i s t a n c e  of 

t h r e e  zones may be d em o n s t ra ted : : -

(a); A zone o f  a n t ib o d y  e x c e s s .

(b) A r e g i o n  where n e i t h e r  a n t i g e n  n o r  a n t ib o d y  a r e  found i n  th e  

s u p e r n a t a n t ;  t h i s  zone c o r r e s p o n d s  t o  t h e  r e g i o n  of  maximum 

p r e c i p i t a t i o n  and i s  o f t e n  r e f e r r e d  to  as  th e  " e q u iv a l e n c e  z o n e " .

(c) A zone of a n t i g e n  e x c e s s .  In  t h i s ,  t h e  t o t a l  amount of  

p r e n i p i t a t e  i s  l e s s  t h a n  i n  th e  e q u iv a le n c e  zone as  some o f  th e  

a n t ib o d y  forms s o l u b l e  compounds w i th  t h e  a n t i g e n .

The p r e c i p i t i n  r e a c t i o n  i s  conmionly used as  a t e s t  f o r  th e  

p r e s e n c e  and amount of  a n t i b o d y  i n  a p a r t i c u l a r  s e r a  and f o r  t h i s  

p u rp o se  i t  i s  cus tom ary  t o  employ th e  q u a l i t a t i v e  p r e c i p i t i n  t e s t .

This  i s  u s u a l l y  c a r r i e d  ou t  by a d d in g  t h e  same amount o f  a n t i s e r u m  

to  a  s e r i e s  o f  tu b e s  c o n t a i n i n g  a un ifo rm  volume o f  d i f f e r e n t  

d i l u t i o n s  of  an t ig en *  The m ix tu re  i s  i n c u b a te d  a t  37^0. f o r  1 - 2  

h ou rs  and r e a d i n g s  a r e  t h e n  made of  t h e  amount of  p r e c i p i t a t e  i n  

each tu b e .  The d i s a d v a n ta g e s  o f  t h i s  t e c h n iq u e  a r e  t h a t  i t  i s  

im p o s s ib le  to  make an e x a c t  com parison  o f  th e  amount o f  a n t ib o d y  

i n  d i f f e r e n t  s e r a  and t h a t  no i n f o r m a t i o n  i s  o b t a i n a b l e  abou t  th e  

s e r o l o g i c a l  homogeneity  of  t h e  p r e c i p i t a t i n g  a n t i g e n .

P er  t h e s e  r e a s o n s  and a l s o  becau se  t h e r e  i s  no i n f o r m a t i o n  on 

t h e  use of  q u a n t i t a t i v e  s e r o l o g i c a l  t e c h n i q u e s  i n  h e lm in th  i n f e c t i o n s ,  

t h e  q u a n t i t a t i v e  p r e c i p i t i n  t e s t  was used i n  th e  p r e s e n t  i n v e s t i g a t i o n .

The v a lu e  o f  t h e  q u a n t i t a t i v e  p r e c i p i t i n  t e s t  as  a method f o r  

th e  e s t i m a t i o n  o f  a n t ib o d y  depends l a r g e l y  on th e  work o f  

H e i d e l b e r g e r /
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H e id e lb e r g e r  and K en d a l l  (1929; 1933; 1935) and i s  b a s e d  on th e

a n a l y s i s  of  t h e  washed p r e c i p i t a t e s  f o r  n i t r o g e n  by th e  m ic ro - K je d a h l  

method.

In  o r d e r  t o  e n s u re  com ple te  p r e c i p i t a t i o n  o f  th e  a n t i b o d y ,  i t  

i s  n e c e s s a r y  t o  add a n t i g e n  i n  s l i g h t  e x c e s s ,  a l t h o u g h  s t i l l  working  

i n  t h e  e q u iv a le n c e  zone .  I n  p r a c t i c e  t h i s  may be found by ad d in g  

s u c c e s s iv e  sm a l l  volumes o f  t h e  a n t i g e n  t o  a sample o f  serum w i th  

i n c u b a t i o n  and r e f r i g e r a t i o n  a f t e r  each  a d d i t i o n  o f  p r e c i p i t a t e  u n t i l  

no f u r t h e r  p r e c i p i t a t e  i s  o b t a i n e d .  The a n t ib o d y  N may th e n  be 

o b t a i n e d  by s u b t r a c t i n g  th e  a n t i g e n  H added from t h e  n i t r o g e n  o f  th e  

t o t a l  p r e c i p i t a t e .

One s e r i o u s  l i m i t a t i o n  o f  t h i s  method i s  t h a t  i t  i s  o n ly  p o s s i b l e  

t o  c a l c u l a t e  t h e  a n t i b o d y  H i f  t h e  p r e c i p i t a t i n g  a n t i g e n  i s  an 

immunologic a l l y  homogeneous p r o t e i n  such  as egg a lbum in .  I n  a system 

such as t h i s  t h e r e  i s  complete  p r e c i p i t a t i o n  o f  a l l  t h e  a n t i g e n  i n  

th e  a n t ib o d y  e x c e s s  zone and t h e r e  i s  a  c l e a r l y  d e f in e d  e q u iv a le n c e  

zone .  When one i s  w ork ing  w i th  an a n t i g e n  which c o n s i s t s  o f  mixed 

p r o t e i n s  one canno t  assume com ple te  p r e c i p i t a t i o n  o f  t h e  a n t i g e n  i n  

th e  a n t ib o d y  e x c e s s  zone and t h e  r e g i o n  of  maximal p r e c i p i t a t i o n  i s  

g r e a t l y  e x ten d ed ,  _i.£. t h e r e  i s  no c l e a r l y  d e f i n e d  e q u i v a l e n c e  zone.

I t  i s  p o s s i b l e ,  however,  t o  overcome t h i s  d i f f i c u l t y  by 

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

by t h e  method d e s c r i b e d  by F r a n c i s , M u l l ig an  and Wormall (1954) .

The l a b e l l i n g  may be c a r r i e d  ou t  on th e  whole a n t i s e r u m  or  on th e  

s e p a r a t e d  gam m a-globulin  f r a c t i o n  w i th o u t  c a u s in g  any damage to  th e  

im m unologica l  p r o p e r t i e s  o f  t h e  a n t ib o d y  ( F r a n c i s ,  M u l l ig a n  and 
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Wormall,  1951 .)  I f  t h e  a n t i s e r u m  i s  l a b e l l e d ,  t h e  s p e c i f i c  

p r e c i p i t a t e s  a r e  a n a ly s e d  f o r  b o th  t o t a l  N and r a d i o a c t i v i t y .  The 

r a d i o a c t i v i t y  of  t h e  p r e c i p i t a t e s  i s  due to  th e  l a b e l l e d  a n t ib o d y  

which h as  p r e c i p i t a t e d  w i t h  t h e  a n t i g e n .  I f  a sample o f  a n t ib o d y

g l o b u l i n  from t h e  l a b e l l e d  serum i s  an a ly s e d  f o r  p r o t e i n  h and

r a d i o a c t i v i t y ,  i t  i s  t h e n  p o s s i b l e  t o  c a l c u l a t e  t h e  a n t ib o d y  H of 

t h e  p r e c i p i t a t e s  by s im ple  p r o p o r t i o n .

MTH0D3 Am MATERIALS

Iimnunit ing a n t i g e n

P. h e p a t i c a  were c o l l e c t e d  from i n f e c t e d  sheep l i v e r s .  The 

p a r a s i t e s  were f r e e d  from a d h e r^ in g  b i l e  and o t h e r  c o n ta m in a t in g  

m a t e r i a l  by washing  i n  r u n n in g  t a p  w a te r ,  were suspended  i n  

0.9/° haCl ( l  p a r a s i t e / m l )  and homogenized i n  a t o p - d r i v e  m a c e r a to r .

The crude  homogenate was a l low ed  t o  s t a n d  a t  0 t o  4 C . f o r  s e v e r a l

ho u rs  t o  a l lo w  l a r g e  p a r t i c l e s  t o  s e t t l e  o u t .  The s u p e r n a t a n t  f l u i d  

was th e n  d e c a n te d  o f f  and f u r t h e r  f r e e d  from i n s o l u b l e  m a t e r i a l  by 

c e n t r i f u g i n g  a t  3000 r . p.m. f o r  1 hou r .  This  s a l i n e  e x t r a c t  was 

u s u a l l y  amber to  dark brown i n  c o l o u r ,  and c o n t a in e d  a b o u t I m g .p r o t e i n  

N/ml.

A l u m - p r e c i p i t a t e d  p r e p a r a t i o n s  f o r  im m un iza t ion  were made by 

t r e a t i n g  t h e  s a l i n e  e x t r a c t  w i th  an  equa l  volume o f  lÔ o W/v p o ta s h  

alimi (Proom, 1943) and a d j u s t i n g  th e  pH to  6 .5  w i th  5H HaOH, The 

p r e c i p i t a t e  o b t a in e d  was washed tw ic e  w i th  0,9/^ NaCl ( c o n t a i n i n g  

1 :1 0 0 ,0 0 0  m e r t h i o l a t e )  and f i n a l l y  suspended i n  0.9/^ H a d  

( m e r t h i o l a t e d )  f o r  i n j e c t i o n .  K je l d a h l  a n a ly s e s  showed t h a t  th e  

a b o v e /



83.

above p ro c e d u re  p r e c i p i t a t e d  t h e  same amount o f  p r o t e i n  H as  d id  

p r e c i p i t a t i o n  w i th  10 /  t r i c h l o r o a c e t i c  a c i d ,  i n d i c a t i n g  t h a t  t h e  

alum p r e p a r a t i o n  c o n t a in e d  a l l  t h e  p r o t e i n s  i n  th e  s a l i n e  e x t r a c t .  

P r e c i p i t a t i n g  a n t i g e n

I n  o rd e r  t o  o b t a i n  a more p u r i f i e d  p r o t e i n  m a t e r i a l  f o r  use as  

a p r e c i p i t a t i n g  a n t i g e n  i n  q u a l i t a t i v e  and q u a n t i t a t i v e  p r e c i p i t i n  

t e s t s ,  th e  crude  s a l i n e  e x t r a c t  was s u b j e c t e d  t o  s a l t  f r a c t i o n a t i o n .

A p r o t e i n  f r a c t i o n  was o b ta in e d  which p r e c i p i t a t e d  a t  h a l f —s a t u r a t i o n  

w i th  qSO^, and t h i s  m a t e r i a l ,  a f t e r  s e v e r a l  r e p r e c i p i t a t i o n s ,

was used as  t h e  p r e c i p i t a t i n g  a n t i g e n  i n  a l l  our e x p e r i m e n t s .

The s a l i n e  e x t r a c t  was t r e a t e d  w i th  1 volume of  s a t u r a t e d  

CNH4 )'2.S04 s o l u t i o n  w i th  s t i r r i n g ,  and th e  m ix tu re  was a l lo w ed  to  

s t a n d  a t  0 t o  4 0. f o r  s e v e r a l  h o u r s .  The p r e c i p i t a t e d  p r o t e i n  was 

c e n t r i f u g e d  o f f  and t r e a t e d  w i t h  1 volume of 0 ,1  M p h o sp h a te  b u f f e r ,  

pH8 , Any m a t e r i a l  which d id  not  r e d i s s o l v e  was removed by c e n t r i ­

f u g in g ,  and th e  p r o t e i n  f r a c t i o n  was tw ic e  r e p r e c i p i t a t e d  w i th  

(hHq)2^8)4 as  b e f o r e . The p r e c i p i t a t e d  m a t e r i a l  was d i a l y s e d  a g a i n s t  

0 , 9/  H a d  u n t i l  th e  d l a l y s a t e  gave no r e a c t i o n  w i th  N e s s l e r ' s  r e a g e n t .  

At each p r e c i p i t a t i o n  and d u r in g  d i a l y s i s  t h e r e  was some l o s s  of  

p r o t e i n , a s  an i n s o l u b l e  r e s i d u e ,  and th e  y i e l d  u l t i m a t e l y  o b t a in e d  

was u s u a l l y  abou t  10 /  o f  t h e  t o t a l  p r o t e i n  i n  t h e  o r i g i n a l  s a l i n e  

e x t r a c t .

Imm unization

R a b b i t s  were i n j e c t e d  a t  8 t o  10-day  i n t e r v a l s  w i th  a lum- 

p r e c i p i t a t e d  a n t i g e n  p r e p a r e d  as  d e s c r i b e d  above.  F iv e  ml, of  a 

s u s p e n s io n  c o n t a i n i n g  10 mg. p r o t e i n  N/ml, were i n j e c t e d  

i n t r a m u s c u l a r l y /
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i n t r a m u s c u l a r l y  i n t o  each  h in d  l e g .  Samples of  s e r a  were c o l l e c t e d  

9 t o  10 days a f t e r  ea ch  i n j e c t i o n  and were t e s t e d  f o r  p r e c i p i t i n s  

w i t h  t h e  p r e c i p i t a t i n g  a n t i g e n .  Most of t h e  r a b b i t s  gave some 

r e a c t i o n  a f t e r  one i n j e c t i o n ,  and a l l  gave a good r e s p o n s e  a f t e r  two 

i n j e c t i o n s .

Seven r a b b i t s  (g roup  A) r e c e i v e d  a t o t a l  o f  3 i n j e c t i o n s  and a 

f u r t h e r  seven  (g roup  B) r e c e i v e d  a t o t a l  o f  6 i n j e c t i o n s .

Q u a l i t a t i v e  p r e c i p i t i n  t e s t s

A s to c k  5 /  s o l u t i o n  o f  t h e  f l u k e  a n t i g e n  was d i l u t e d  to  1 :2 0 ,  

1 :1 0 0 ,  1 :5 0 0  and 1 :2500  by th e  a d d i t i o n  o f  0 . 9 /  sodium c h l o r i d e .

0 .2 5  ml.  o f  each o f  t h e s e  c o n c e n t r a t i o n s  was t r e a t e d  w i t h  0 .1  ml. 

of  t h e  serum to  be t e s t e d  i n  p r e c i p i t i n  t u b e s .  The t u b e s  were 

mixed, in c u b a te d  a t  37^0. f o r  1 h o u r  and t h e n  p l a c e d  i n  a r e f r i g e r a t o r  

(4*^0) f o r  2 h o u r s  t o  e n s u re  maximum p r e c i p i t a t i o n .  As a c o n t r o l  

a g a i n s t  n o n - s p e c i f i c  p r e c i p i t a t i o n ,  0 .1  ml,  o f  each  sample o f  serum 

was i n c u b a te d  w i th  s a l i n e ,  and samples  o f  normal r a b b i t  s e r a  were 

i n c u b a te d  w i th  a n t i g e n  on e v e ry  o c c a s io n  when s e r a  from i n f e c t e d  o r

immunised an im a ls  were under  t e s t .

Q u a n t i t a t i v e  p r e c i p i t i n  t e s t s

The r e s u l t s  of  t h e  q u a l i t a t i v e  p r e c i p i t i n  t e s t s  gave an 

ap p rox im a te  i d e a  o f  t h e  d i l u t i o n  o f  t h e  a n t i g e n  and o f  th e  volume 

of  serum which would be n e c e s s a r y  i n  o r d e r  t o  a c h ie v e  maximum 

p r  e c i p  i t  a t  i o n •

D u p l i c a t e  sam ples  ( 1 .0  m l . )  o f  c e n t r i f u g e d  serum were p i p e t t e d  

i n t o  15 ml, t a p e r e d  c e n t r i f u g e  t u b e s .  S u c c e s s iv e  s m a l l  volumes o f  a 

s t o c k  a n t i g e n  s o l u t i o n  ( 0 . 2  -  1 . 0  ml. o f  a n t i g e n  c o n t a i n i n g

0 .002  mgm. N /m l.)  were added to  t h e s e  w i t h  i n c u b a t i o n  a t  37°0 .  (1 hour)

a n d /



85-

and r e f r i g e r a t i o n  (2 h o u r s ) - a f t e r  each  a d d i t i o n  of a n t i g e n ,  u n t i l  

no f u r t h e r  p r e c i p i t a t e  was ob ta ined*  T h is  was t a k e n  t o  co r r e sp o n d  

to  th e  com plete  removal  o f  th e  c o r r e s p o n d in g  a n t i b o d y  from s o lu t io n *

Each of t h e  t u b e s  ..wa'ŝ  t h e n  c e n t r i f u g e d  f o r  20 m in u ts ,  th e  s u p e r n a t a n t  

f l u i d s  were removed and t h e  p r e c i p i t a t e s  were washed tw ic e  w i th  5 d ro p s  

o f  i c e - c o l d  s a l i n e  each  t ime to  remove n o n - s p e c i f i c  p r o t e i n s  

( H e id e l b e r g e r  and K e n d a l l ,  1933) d i s s o l v e d  i n  a few d ro p s  of  0*1 N NaOH 

and 1*0 ml.  o f  d i s t i l l e d  w a te r ,  and t r a n s f e r r e d  to  m ic r o - K j e l d a h l  

i n c i n e r a t i o n  f l a s k s .  The c e n t r i f u g e  tu b e s  were washed out  f i v e  t im e s ,  

w i t h  6 d rops  o f  d i s t i l l e d  w a te r  each  t im e ,  and t h e  w ash ings  t r a n s f e r r e d  

t o  t h e  a p p r o p r i a t e  f l a s k .  T o ta l  N d é t e r m in â t  ions  were t h e n  c a r r i e d  o u t  - 

As i n  t h e  q u a l i t a t i v e  p r e c i p i t i n  t e s t s ,  c o n t r o l ,  t e s t s  were 

per fo rm ed  w i th  immune serum p lu s  s a l i n e  and w i th  a n t i g e n  s o l u t i o n s  

p l u s  normal r a b b i t  serum.

T o t a l  n i t r o g e n  d e t e r m i n a t i o n s

These were made by t h e  m ic r o - K je l d a h l  method, w i th  t h e  NHg 

d i s t i l l e d  i n t o  a 4 /  b o r i c  a c i d  s o l u t i o n  c o n t a i n i n g  a  m e th y l  r e d -  

m e thy lene  b lu e  i n d i c a t o r  ( s ee  Kabat and Mayer, 1348, p .  283) .  The 

f i n a l  t i t r a t i o n  was made w i th  N/70 HOI, u s in g  an "Agla" m ic ro m ete r  

s y r in g e  (Burroughs Wellcome and Go. )  or a m i c r o b u r e t t e ,  a c c o rd in g  

to  th e  amount o f  p r o t e i n  H p r e s e n t ,  # i e n  t h e  s y r i n g e  was used ,  the  

t i p  of  t h e  s y r i n g e  n e e d le  was k e p t  immersed i n  t h e  d i s t i l l a t e  and 

s t i r r i n g  was e f f e c t e d  by a s t r e a m  of  Og b u b b le s .

The d e t e r m i n a t i o n  o f  a n t ib o d y  n i t r o g e n

The sample which was l a b e l l e d  was one o f  p o o le d  s e r a  o b t a in e d
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from th e  i n f e c t e d  and immunised r a b b i t s  b e f o r e  d e a th .  The i o d i n a t i o n  

of  t h e  serum was c a r r i e d  ou t  by t h e  method d e s c r i b e d  by F r a n c i s ,  

M u l l ig an  and Wormall (1 9 5 4 ) .  A l iq u o t s  o f  t h e  l a b e l l e d  p r e p a r a t i o n  

c o r r e s p o n d in g  t o  1 ml,  o f  o r i g i n a l  serum were t r e a t e d  w i th  v a r y i n g  

amounts o f  a n t i g e n  as b e f o r e .  The m ix t u r e s  were i n c u b a t e d  f o r  1 h o u r ,  

r e f r i g e r a t e d  f o r  2 h o u r s ,  and th e  p r e c i p i t a t e s  spun and washed as  

d e s c r i b e d  above.  The p r e c i p i t a t e s  were th e n  d i s s o l v e d  i n  a  few d rops  

of 0 .1  N NaOH, made up t o  10 ml. and r a d i o a c t i v i t y  d e t e r m i n a t i o n s  

c a r r i e d  ou t  i n  an M6 l i q u i d  c o u n te r  (2 0 th  C en tu ry  E l e c t r o n i c s ) , 

A l iq u o t s  were t h e n  t a k e n  f o r  m ic ro —K j e l d a h l  i n c i n e r a t i o n  f o r  t o t a l  N. 

The a n t ib o d y  n i t r o g e n  i n  t h e  p r e c i p i t a t e s  was c a l c u l a t e d  by comp sir ing 

t h e s e  r a d i o a c t i v i t i e s  w i t h  t h a t  o f  a gamma—g l o b u l i n  s t a n d a r d  p r e p a r e d  

from t h e  l a b e l l e d  serum (Keckwick, 1940) and a n a ly s e d  f o r  t o t a l  K. 

I n f e c t i o n  o f  r a b b i t s

Each o f  th e  immunized and c o n t r o l  r a b b i t s  was i n f e c t e d  w i th  

50 7 - d a y - o ld  c e r c a r i a e  e n c y s te d  on c e l lo p h a n e  and f e d  i n  cabbage 

as d e s c r i b e d  i n  S e c t i o n  I  o f  t h i s  t h e s i s .

RESULTS

P r e c i p i t i n  t e s t s

Q u a l i t a t i v e  p r e c i p i t i n  t e s t s  showed t h a t  t h e  s e r a  o f  i n f e c t e d  

r a b b i t s  c o n t a in e d  a n t i b o d i e s  which r e a c t e d  w i th  t h e  p r e c i p i t a t i n g  

a n t i g e n  p r e p a r e d  from F. h e p a t i c a . S e ra  from more t h a n  20 normal 

r a b b i t s  were t e s t e d  w i th  th e  p r e c i p i t a t i n g  a n t i g e n  and i n  no ca se  

was any p o s i t i v e  r e a c t i o n  o b t a i n e d .  Table 13 shows a r e p r e s e n t a t i v e  

sample o f  t h e  r e s u l t s  o b t a in e d  from t h e  s e r a  o f  immunised,immunised 
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and i n f e c t e d ,  i n f e c t e d ,  and normal r a b b i t s *

Table  13 : R e s u l t s  o f  q u a l i t a t i v e  p r e c i p i t i n  t e s t  on s e r a  of  immunised,
i n f e c t e d  and norm al  r a b b i t s .

A n t igen  C o n c e n t r a t io n s

R a b b i t 1 :2 0 1 :100  1 :5 0 0 1:2500

VI + ++ +

Immunised 
r a b b i t s  a f t e r  
3l i n j e c t i o n s  
of  alurn—p r e c i p -  
i t a t e d  f l u k e  
p r o t e i n

V2
N856

N851

033.0 ++

4"f- ++ 
4—r + +

+ ± 

+ +

+

T r.
Tr,

Tr.

03.29 T r . + Tr. R. T r .

0371 + ++ + Tr*

VI 4-4'' +++ + T r.
Immunised 
r a b b i t s  60 
days a f t e r  
i n j e c t i o n .

V2

N851

0330

4-+4"++ 
++■

++4- ++ 
4—1*+ ++

++ +

T r . 

Tr.

0329 + F .T r .

02 ++ + Tr.

C o n t ro l  
r a b b i t s  60 
days a f t e r  
i n f e c t i o n .

04
08
09

+
+

++

++ T r . 
++ ++

4—f*+ ++
Tr.  

Î ' . T r .

014 4- ++ + —

Normal
r a b b i t s — — — —

— no t r a c e  ; F . T r . = f a i n t  t r a c e ; Tr.  — t r a c e ;

1, +, ++, e t  c , i n  o r d e r of  i n c r e a s i n g amount o f  p r e c i p i t a t e .
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In  o r d e r  t o  o b t a i n  a  m easure  o f  th e  amount o f  c i r c u l a t i n g  

p r e c i p i t i n  i n  t h e  e x p e r i m e n ta l  an im a ls  and t o  i n v e s t i g a t e  t h e  s e r o ­

l o g i c a l  hom ogenei ty  o f  t h e  p r e c i p i t a t i n g  a n t i g e n  used ,  q u a n t i t a t i v e  

p r e c i p i t i n  t e s t s  were c a r r i e d  out* The ty p e  o f  p r e c i p i t i n  cu rve  

o b t a i n e d  w i th  t h e  a n t i g e n  and serum from immunised or  i n f e c t e d  r a b b i t s  

was c h a r a c t e r i s t i c  o f  tha t ,  shown by inhomogeneous sy s tem s  ( F ig .  23) ,

i . £ .  , e x c e s s  a n t i g e n  was d e m o n s t r a b le  i n  th e  s u p e r n a t a n t  i n  t h e  a n t i ­

body ex c e s s  zone and t h e r e  was t h u s  no c l e a r  15  ̂ d e f i n e d  e q u i v a l e n c e  zone.

o e

a.
06

0*2

02 03 04 05 06 Ô7

F ig , 23. P re c ip i t in  curve obtained by adding increas ing  amounts of the  
p ro te in  an tigen  to  1*0 ml. samples of serum from an immunized in fec ted  
ra b b i t .

The r e g i o n  o f  maximal p r e c i p i t a t i o n  was a l s o  g r e a t l y  ex ten d e d  and t h e r e  

was no ev id en ce  o f  i n h i b i t i o n  by ex c e s s  a n t i g e n .

In  a system o f  t h i s  ty p e  i t  i s  im p o s s ib le  to  d e te rm in e  th e  a n t i g e n  

and a n t i —body s e p a r a t e l y  i n  t h e  p r e c i p i t a t e s  u n l e s s  by some method of  

l a b e l l i n g  one o f  th e  r e a c t a n t s ,  e._g. , w i th  a r a d i o a c t i v e  i s o t o p e  

( F r a n c i s , M u l l ig a n  and W ormall , 1954) .  We c o n s i d e r e d  i t  l i k e l y , howeve 
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t h a t  t h e  p r o p o r t i o n  o f  a n t i b o d y  i n  th e  p r e c i p i t a t e s  i n  t h e  r e g i o n  o f  

maximal p r e c i p i t a t i o n  i s  f a i r l y  c o n s t a n t ,  and th u s  t h e  f i g u r e  f o r  

t o t a l  N p r e c i p i t a t e d  i n  t h i s  r e g i o n  p ro b a b ly  g iv e s  a good measure o f  

t h e  r e l a t i v e  amounts o f  p r e c i p i t i n  t o  t h e  t e s t  a n t i g e n  i n  th e  

d i f f e r e n t  s e r a .  This  was co n f i rm ed  i n  an  expe r im en t  on a  p o o led  sample 

o f  s e r a  o b t a i n e d  from th e  immunized r a b b i t s  o f  Group B j u s t  b e f o r e  

d e a t h .  This  sample o f  serum was t r a c e - l a b e l l e d  w i th  r a d i o a c t i v e  i o d i n e  

and was t h e n  t e s t e d  q u a n t i t a t i v e l y  f o r  p r e c i p i t i n s .  The amount o f  

a n t ib o d y  N was c a l c u l a t e d  by comparing t h e  r a d i o a c t i v i t y  o f  th e  

p r e c i p i t a t e s  w i t h  t h a t  o f  a gamma—g l o b u l i n  s t a n d a r d  p r e p a r e d  from th e  

l a b e l l e d  serum and a n a ly s e d  f o r  p r o t e i n  K. The r e s u l t s  of t h i s  p r e ­

l i m i n a r y  exp e r im en t  a r e  shown i n  F ig .  24 and co n f i rm  th e  v a l u e  o f  th e  

t o t a l  N e s t i m a t i o n s  as  a measure  o f  t h e  amount of p r e c i p i t i n  i n  t h e s e  

s e r a .

T o t a l  N800 -

A n tib o d y  N

200 -

I 4 8 0
Antigen N added ^ g )

960240

Fig . 24 . T otal N and antibody H p re c ip ita te d  from 1 .0  ml. samples of 
antiserum  by in c reas in g  amounts of the  p ro te in  an tigen .
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The r e s u l t s  of t h e  q u a n t i t a t i v e  t e s t s  on th e  s e r a  o f  th e  immunised 

and c o n t r o l  r a b b i t s  a r e  shown i n  Table  14.

Table 14 : Q u a n t i t a t i v e  p r e c i p i t i n  t e s t s ,

A ntibody îf p l u s  a n t i g e n  N p r e c i p i t a t e d

R a b b i t  Ro,

from 1 , 0  ml. serum

P r e —i n f  a c t i o n  
(mg. rr)

63 days a f t e r  
i n f e c t i o n  

(mg, R)

VI. 0 .1 5 5 0 .774
Immunised V2 0 .1 8 8 1 .8 6 8
r a b b i t s N856 0 .2 6 8 0 ,620
S e r i e s  A R851 0 .1 1 8 0.636

0330 0 .1 9 8 0.498
0329 0 .1 1 4 0 .190
0371 0 .1 9 0

P93 1 .2 8 0 1 .1 3 0
Immunised 073 1 .1 7 0 0.922
r a b b i t  s 049 0 .8 9 4 0.768
S e r i e s  B 084 0 .8 4 4 0 . 660

P947 0 .8 4 6 0 .9 8 8
076 0 .6 2 0 0.656
G65 0 .420 0 .968

02 0.265
04 0.095

C o n t ro l 08 0.218
r a b b i t s . 09 0 .330

014 0 .238
X 0 .148
9 0.295
0 0.138
3 0,227
1 0.117

A co u r se  o f  3 i n j e c t i o n s  o f  th e  a l u m - p r e c i p i t a t e d  p r e p a r a t i o n  

(group  A) gave a  l e v e l  of p r e c i p i t i n  to  th e  t e s t  a n t i g e n  comparable 
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to  t h a t  o b t a in e d  i n  norm al  r a b b i t s  63 days a f t e r  i n f e c t i o n  w ith  50 

c e r c a r i a e  ( c o n t r o l  g ro u p ) .  I n  group A t h e  p r e c i p i t i n  l e v e l  63 days 

a f t e r  i n f e c t i o n  was i n  most c a s e s  c o n s i d e r a b l y  g r e a t e r  t h a n  t h e  l e v e l  

a t  t h e  t im e o f  i n f e c t i o n .  This i n c r e a s e  was p re su m a b ly  due to  th e  

s t i m u lu s  o f  i n f e c t i o n  on t h e  immunised a n im a l s .  No such i n c r e a s e  

o c c u r r e d  i n  group B ; h e r e  the  r a b b i t s  were s u b j e c t e d  t o  a c o u rse  of  

6 i n j e c t i o n s  p r i o r  to  i n f e c t i o n ,  and t h e  p r e c i p i t i n  l e v e l  a t  t h e  t im e 

o f  i n f e c t i o n  was c o n s i d e r a b l y  h i g h e r  t h a n  i n  group A,

A u to p s ie s  on immunised and c o n t r o l  r a b b i t s

The e x p e r i m e n ta l  r a b b i t s  were k i l l e d  63 days a f t e r  i n f e c t i o n  and 

th e  number o f  f l u k e s  r e c o v e r e d  from each o f  th e  l i v e r s  on a u to p s y  i s  

r e c o r d e d  i n  Table 15. I n  each ca se  th e  ty p e  o f  l e s i o n  found i n  t h e  

l i v e r  was n o te d .

I t  i s  e v id e n t  from t h e  r e s u l t s  shown i n  Table 15 t h a t  th e  av e ra g e  

number o f  f l u k e s  i n  each  r a b b i t  i n  the  immunised g roups  i s  no t  

s i g n i f i c a n t l y  low er  t h a n  t h e  av e rag e  i n  th e  c o n t r o l  g roup .  However, 

t h e  f l u k e s  r e c o v e r e d  from t h e  immunised groups  were i n v a r i a b l y  s m a l l e r  

t h a n  th o s e  from t h e  c o n t r o l  g roup .  This  r e t a r d e d  development was 

p a r t i c u l a r l y  marked i n  t h e  f l u k e s  o b t a in e d  from r a b b i t s  V2, VI, 049 

and 065. In  o r d e r  to  o b t a i n  more d e f i n i t e  i n f o r m a t i o n  on t h i s  r e t a r d ­

a t i o n  o f  deve lopm en t ,  th e  f l u k e s  o b t a in e d  from group  B and from some 

of t h e  c o n t r o l  r a b b i t s  were a n a ly s e d  f o r  t o t a l  N. The f l u k e s  were 

removed from th e  l i v e r ,  r i n s e d  i n  s a l i n e ,  and a n a ly s e d  f o r  t o t a l  N by 

t h e  m i c r o - K j e l d a h l  method. The r e s u l t s  o f  t h e s e  d e t e r m i n a t i o n s  a r e  

shown i n  Table 16 .  The f i g u r e s  o b t a in e d  conf i rm ed  our o b s e r v a t i o n s  
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on th e  i n h i b i t e d  developm ent o f  t h e  f l u k e s  i n  the  immunised r a b b i t s ,

i . _ e , , t h e  125 f l u k e s  o b t a i n e d  from group B had an av e ra g e  t o t a l  N 

c o n t e n t  of  0,-41 mg. w hereas  th e  108 f l u k e s  from 5 c o n t r o l  r a b b i t s  had 

an ave rage  t o t a l  N c o n t e n t  o f  1 ,13  mg. E x am in a t io n  o f  t h e  most 

r e g a r d e d  o f  t h e s e  f l u k e s  showed t h a t  th e y  were s e x u a l l y  immature.

Table 15 : Number o f  f lu k e s  
on a u to p sy .

found in  immunised and c o n tr o l  r a b b its

Rabbit No. Number o f
f  1 uke s

VI 10
V2 3

Immunised r a b b its N856 6
group A N851 10

0330 13
0329 18
0371 26

-
Average, 12 ,3  + 7 .1

P93 14
073 14

Immunised r a b b it s 049 3
group B 084 31

P947 17
076 20
065 26

Average, 1 7 .9  i 9 .1

02 6
04 18
08 20
09 25

Control r a b b it s 014 25
07 6
S 6
9 25
0 18
Z 34
1 25

Average, 1 8 ,9  ± 9 .4
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Table 16 : Comparative  development o f  f l u k e s ,  e x p r e s s e d  i n  te rm s  o f  
t h e i r  av e ra g e  t o t a l  n i t r o g e n  c o n t e n t ,  i n  immunised and 
c o n t r o l  r a b b i t s .

R a b b i t
No.

Humber o f  
f  1 uke s

T o ta l  f l u k e  
n i t r o g e n

Crngfr
N i t r o g e n  
p e r  f l u k e

P93 14 7 .28 0 .5 2 0
071 . 14 5 .96 0 .426

Immunised 049 3. 0 .56 0 .1 8 7
r a b b i t s , 084 31 1 3 .4 0 0 ,432
group B P947 17 7 .5 4 0 ,444

076 20 14 .40 0 .720
G-65 26 3 .18 0 .1 2 2

Average 0 .4 1 0 .2 0
p e r ,f l u k e  (mg.)

X 6 4 .2 2 0 .704
9 - 25 3 2 ,5 1 .3 0

C o n t ro l 0 18 2 4 .2 1 .3 5
r a b b i t  s z 14 3 8 .8 1 .1 4

1 25 2 9 .0 1 ,1 6
Aver age ,  N 1 .1 3 + 0.25

p e r f l u k e  (mg.)

I n  g e n e r a l ,  t h e  l i v e r s  o f  th e  immunised an im a ls  showed s i m i l a r  

l e s i o n s  t o  t h o s e  o f  t h e  c o n t r o l  group,  i ^ . e , , m odera te  f i b r i n o u s  

p e r i t o n i t i s ,  a  d eg ree  of f i b r o s i s  a p p ro x im a te ly  p r o p o r t i o n a l  t o  the  

number of  f l u k e s  p r e s e n t ,  and a g r o s s l y  d i s t e n d e d  common b i l e  d u c t  

which u s u a l l y  c o n t a i n e d  abou t  h a l f  o f  t h e  t o t a l  number o f  f l u k e s ,  t h e  

r em a in d e r  b e in g  found i n  b i l e  d u c t s  i n  t h e  l i v e r .  In  r a b b i t s  V2, VI, 

G65 and 049, however,  from which th e  s m a l l e s t  f lu lces  were o b t a i n e d ,  

t h e r e  was v e r y  e x t e n s i v e  f i b r i n o u s  p e r i t o n i t i s ,  t h e  l i v e r s  were v e r y  

e n l a r g e d  w i th  numerous l a r g e  f i b r o u s  n o d u le s  and showed e x t e n s i v e  

a r e a s  of r e c e n t  n e c r o s i s ,  caused  by damage to  b lo o d  v e s s e l s  by 
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m i g r a t i n g  f l u k e s .  In  V2 and 049 t h e  common b i l e  d u c t  was normal i n  

s i z e  and c o n t a in e d  no f l u k e s  ( f i g s ,  25 and 26) w h i le  i n  VI and G-65 

t h e r e  was a s l i g h t l y  e n l a r g e d  common b i l e  d u c t  c o n t a i n i n g  a sm a l l  

number o f  f l u k e s .  The m a j o r i t y  o f  f l u k e s  from t h e s e  4 r a b b i t s  were 

found e i t h e r  m i g r a t i n g  th ro u g h  l i v e r  t i s s u e  o r  i n  v e r y  f i n e  b i l e  

d u c t s .

DISCUSSION

The immunological r e la t io n s h ip  between a helm inth  p a r a s i t e  and 

i t s  h o st  i s  l i k e l y  to  be com p licated . The worm i t s e l f  i s  a complex 

organism and i s  c e r t a in  to co n ta in  q u ite  a number of a n t ig e n ic  

compounds and com plexes. Some o f  th e se  a n t ig e n s  w i l l  be t i s s u e  or 

s t r u c tu r a l  components o f  th e  p a r a s i t e  ; o th ers  may be enzymes or 

products o f  i t s  m etabo lic  p r o c e s s e s .  The p resen ce of th e s e  a n t ig e n s  

may be demonstrated by u sin g  e x t r a c t s  o f  the p a r a s i t e  in  s e r o lo g ic a l  

t e s t s  on in f e c t e d  anim als or by u s in g  s im ila r  e x t r a c t s  as immunising  

a n t ig e n s .  D i f f i c u l t i e s  are l i k e l y  to  a r i s e  in  the attem pted  

in t e g r a t io n  of the  r e s u l t s  from th e se  two approaches, the

p a r a s i t e  may co n ta in  a number o f  a n t ig e n ic  compounds which, because  

o f  t h e i r  l o c a t io n ,  are never e f f e c t i v e  in  the n a tu ra l  i n f e c t i o n  and, 

furtherm ore, a n t ig e n s  which are fu n c t io n a l  in  the normal i n f e c t i o n  

may be destroyed  or a l t e r e d  by the p r o c e sse s  in v o lv ed  in  e x tr a c t in g  

them from the p a r a s i t e .

There i s  now an adequate amount of ev iden ce  to  dem onstrate th a t  

an acquired  immunity does occur in  a number o f  helm inth  d is e a s e s  

( s e e . in t r o d u c t io n ) , This acquired  immunity has been demonstrated
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by a r e s i s t a n c e  to  s u p e r i n f e c t i o n  or t o  r e i n f e c t i o n  a f t e r  t h e  removal 

o f  a p r im a ry  i n f e c t i o n ,  o r  by th e  p r o t e c t i v e  a c t i o n  o f  e x t r a c t s  o f  th e  

p a r a s i t e  when used as  immunising a n t i g e n s .  I t  has  u s u a l l y  been 

p o s s i b l e  i n  t h e s e  c a s e s  to  d e m o n s t ra te  by s e r o l o g i c a l  t e s t s  t h e  

p r e s e n c e  of c i r c u l a t i n g  a n t i b o d i e s .  There h a s ,  however,  b een  l i t t l e  

work c a r r i e d  out  on h e l m i n th s ,  comparable to  t h a t  on b a c t e r i a ,  on t h e  

i s o l a t i o n  and p u r i f i c a t i o n  of t h e  a n t i g e n i c  compounds o f  t h e  o rg an ism s ,  

on a  s tu d y  o f  t h e i r  imm unologica l  a c t i v i t y  and s p e c i f i c i t y ,  and on th e  

p r o t e c t i v e  power of  t h e  a n t i b o d i e s  which th e y  e l i c i t .  I n  t h i s  

c o n n e c t io n  i t  shou ld  be n o te d  t h a t  there,  i s  no t  n e c e s s a r i l y  any 

c o r r e l a t i o n  between  the  c a p a c i t y  o f  a h e lm in th  a n t i g e n  to  e l i c i t  t h e  

p r o d u c t i o n  of  a n t i b o d i e s  and t h e  p r o t e c t i v e  power o f  t h e s e  a n t i ­

b o d ie s  ; » Campbell (1939). o b ta in e d  a p u r i f i e d  p o l y s a c c h a r i d e

a n t i g e n  from th e  l a r v a l  form of T aen ia  t a e n i a e f o r m i s  which s t i m u l a t e d  

th e  f o r m a t io n  o f  p r e c i p i t i n s  b u t  which had  no p r o t e c t i v e  a c t i o n  

a g a i n s t  th e  d i s e a s e .

From th e  p r e s e n t  i n v e s t i g a t i o n ,  d e s ig n ed  l a r g e l y  to  s tu d y  t h e  

a n t i g e n i c  p r o p e r t i e s  of  p r o t e i n s  from F. h e p a t i c a  and th e  p r o t e c t i v e  

p r o p e r t i e s ,  i f  any, o f  t h e  a n t i b o d i e s  which th e y  e l i c i t ,  we have 

conc luded  t h a t  p r i o r  im m un isa t ion  w i th  f l u k e  p r o t e i n s  has  no i n f l u e n c e  

on th e  number o f  F, h e p a t i c a  d e v e lo p in g  from a c h a l l e n g i n g  i n f e c t i o n .  

The i n f e c t i o n  o f  normal r a b b i t s  w i th  50 7 - d a y - o ld  c e r c a r i a e  has  been  

shown t o  y i e l d  an av e ra g e  ’’take*’ o f  18 ,6  i  8 , 8 .  This  av e ra g e  i s  

a p p a r e n t l y  n o t  i n f l u e n c e d  by th e  sex o f  t h e  r a b b i t  nor  by th e  use 

o f  c e r c a r i a e  from d i f f e r e n t  s n a i l s  ( S e c t i o n  1 :  t h i s  t h e s i s ) .  In
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t h e  ex p e r im en ts  d e s c r i b e d  h e r e  t h e  c o n t r o l  r a b b i t s  showed a t a k e  o f  

1 8 ,1  ± 9*4, w h i le  t h e  immunised g roups  showed t a k e s  of  .12,3 t  7*1 

(group  A) and 17*9 jl 9*1 (gro-Up B ) , r e s p e c t i v e l y .  The r e d u c t i o n  i n  

t a k e  i n  group A as compared to  t h a t  of  th e  c o n t r o l  group i s  n o t  

s t a t i s t i c a l l y  s i g n i f i c a n t *  Kerr  and  P e t k o v i t c h  (193.5) r e p o r t e d  t h a t  

i t  seemed p o s s i b l e  t o  e s t a b l i s h  an a c t i v e  immunity i n  r a b b i t s  to  

II* h e -pa t ica  by i n j e c t i o n s  o f  d r i e d  f lu k e  m a t e r i a l .  I n  t h e i r  e x p e r i ­

ments  7 immunised r a b b i t s ,  each i n f e c t e d  w i th  13 c e r c a r i a e ,  y i e l d e d  

1 ,  2, 2, 2, 2 ,  3 and 3 f l u k e s  r e s p e c t i v e l y ,  a t  a u t o p s y ,  S e v e ra l  o f  

t h e s e  f l u k e s  were d e s c r i b e d  as " c a l c i f i e d " , and r e p e a t e d  f a e c a l  

ex a m in a t io n s  f a i l e d  t o  d e m o n s t r a te  th e  p r e s e n c e  of  f l u k e  eggs .  Three 

c o n t r o l  r a b b i t s  ( a l s o  i n f e c t e d  w i th  13 c e r c a r i a e )  had 11 ,  5 and 9 

f l u k e s  a t  au topsy*  None o f  t h e s e  f l u k e s  was c a l c i f i e d  and eggs were 

found  i n  th e  f a e c e s  of  a l l  t h e  r a b b i t s .  I t  i s  d i f f i c u l t  t o  conc lude  

from t h i s  ex p e r im en t  how s i g n i f i c a n t  i s  t h e  a p p a r e n t  r e d u c t i o n  i n  

t a k e  o f  t h e  immunised group as compared t o  c o n t r o l s ,  b ec au se  of th e  

sm a l l  number of r a b b i t s  (3) i n  t h e  c o n t r o l  g roup ,  and t h e  v a r i a t i o n  

i n  t a k e  which o c c u rs  i n  normal r a b b i t s .  I f  t h i s  r e d u c t i o n  i s  r e a l  

i t  might  be due to  t h e  i n f l u e n c e  o f  a n t i g e n s  o t h e r  t h a n  t h e  p r o t e i n s .  

In  our ex p e r im en t  t h e r e  i s  no c o r r e l a t i o n  i n  e i t h e r  th e  immunised 

or  normal r a b b i t s  be tw een  t h e  number of  f l u k e s  found  i n  a r a b b i t  and 

th e  l e v e l  of  c i r c u l a t i n g  p r e c i p i t i n  to  t h e  p r o t e i n  a n t i g e n ,  as  shown 

by th e  q u a n t i t a t i v e  t e s t s .  I t  must be n o te d  t h a t  i n  t h e  p r e c i p i t i n -  

t e s t s  we have measured  th e  l e v e l  o f  a n t ib o d y  t o  o n ly  one p r o t e i n  

f r a c t i o n  o f  t h e  p a r a s i t e  and have e x p re s s e d  our r e s u l t s  i n  te rm s 
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o f  th e  t o t a l  N ( a n t ib o d y  N + a n t i g e n  N) p r e c i p i t a t e d .  The c h i e f  

d i f f i c u l t y  i n  a p p l y i n g  s t a n d a r d  immunochemical t e c h n i q u e s  t o  th e  

q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  a n t i b o d y  p r e c i p i t a t e d  by r e l a t i v e l y  

c ru d e  a n t i g e n i c  f r a c t i o n s  i s  t h a t  one ca n n o t  assume co m p le te  p r e ­

c i p i t a t i o n  o f  t h e  a n t i g e n  i n  r e g i o n s  o f  a n t ib o d y  e x c e s s  a s  i s  

p o s s i b l e  w i th  a  "pu re"  p r o t e i n  a n t i g e n  and i t s  homologous a n t i s e r u m .  

This  d i f f i c u l t y  may be overcome by th e  l a b e l l i n g  o f  such  s e r a  w i th  

r a d i o a c t i v e  i o d i n e  and i n  th e  p r e l i m i n a r y  ex p e r im en t  which was 

d e s c r i b e d  above i t  was p o s s i b l e  to  de te rm ine  th e  a b s o l u t e  amount o f  

a n t ib o d y  p r e c i p i t a t e d  from a serum by a p a r t i c u l a r  a n t i g e n .  T h is  

i s o t o p i c  t e c h n iq u e  s i m p l i f i e s  and e x ten d s  t h e  scope o f  su ch  a n a ly s e s  

and would ap p ea r  to  be p a r t i c u l a r l y  s u i t e d  t o  th e  s tu d y  o f  th e  

a n t i g e n i c  f r a c t i o n s  o f  h e l m in th  p a r a s i t e s *

In  th e  immunised g roups t h e r e  was e v id e n c e  o f  i n h i b i t e d  

development of  t h e  p a r a s i t e s ,  v i z . , th e  s m a l l e r  s i z e  o f  t h e  f l u l œ s  

(co n f i rm ed  i n  group B by m ic r o - K j e l d a h l  a n a l y s i s ) ,  th e  s e x u a l  

im m a tu r i ty  of some o f  t h e s e ,  and th e  p r e s e n c e  o f  m i g r a t o r y  forms 

63 days a f t e r  i n f e c t i o n  ( i n  a u t o p s i e s  of  over  70 i n f e c t e d  r a b b i t s  

a t  t h i s  s t a g e ,  we have n e v e r  en c o u n te red  m ig r a t o r y  f o rm s ) .  T h is  

r e s u l t  i s  comparable  t o  t h a t  o b t a in e d  by Schw ar tz ,  A l i c a t a  and 

Lucker (1931). and C handler  (1932) who, working  on th e  r e s i s t a n c e  

o f  r a t s  to  s u p e r i n f e c t i o n  w i th  N ip p o s t ro n g y lu s  m u r i s , o b se rv e d  

r e t a r d a t i o n  o f  growth and development w i t h o u t ,  i n  most i n s t a n c e s ,  

any marked l e t h a l  e f f e c t .
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I t  i s  i n t e r e s t i n g  t h a t  t h e  f o u r  l i v e r s  i n  which th e  most r e t a r d e d  

f l u k e s  were found a l s o  showed by f a r  th e  most severe,  in f lam m a to ry  

r e a c t i o n s .  This may have been  due to  t h e  p ro lo n g e d  m ig r a t o r y  p e r i o d  

of t h e  r e t a r d e d  f l u k e s ,  b u t ,  on t h e  o th e r  hand ,  t h e r e  v/ere on ly  t h r e e  

f l u k e s  each  i n  two o f  t h e s e  l i v e r s  (Table  1 6 ) .  I t  i s  p o s s i b l e  t h a t  a 

s t a t e  of  s p e c i f i c  h y p e r s e n s i t i v i t y  had deve loped  a s  a  r e s u l t  o f  p r e v i o u s  

ImPkVUiisation and was r e s p o n s i b l e  f o r  th e  e x a g g e ra te d  c e l l u l a r  r e a c t i o n  

t o  th e  p r e s e n c e  o f  t h e  p a r a s i t e s .  I f  t h i s  i s  th e  c a s e ,  t h e  p o s s i b l e  

e f f e c t  of h y p e r s e n s i t i v i t y  shou ld  be borne  i n  mind i n  any a t t e m p t s  to  

c o n t r o l  p a r a s i t i c  d i s e a s e  by means of worm a n t i g e n s .  S i m i l a r  phenomena 

have been  obse rved  i n  th e  s tu d y  o f  n a t u r a l  a c q u i r e d  immunity to  

o e s o p h a g o s to m ia s i s  i n  sheep  ( F o u r i e ,  1936; Monnig, 1 9 5 0 ) ,  to  N. m ur is  

i n f e c t i o n s  i n  r a t s  ( S a r l e s  and T a l i a f e r r o ,  1936 ; T a l i a f e r r o  and S a r i es ,  

1939) to  a n c î y s t o m i a s i s  o f  mice and a s c a r i a s i s  o f  g u in e a  p i g s  (K e r r ,

1936 and 1938) and t o  C ooper ia  i n f e c t i o n s  i n  sheep (Andrews, 1939) .

SUMMARY

1. S e ra  from r a b b i t s  i n f e c t e d  w i th  F a s c i o l a  h e p a t i c a  were found

to  c o n t a i n  p r e c i p i t i n s  which  r e a c t e d  w i th  a p r o t e i n  f r a c t i o n  p r e p a r e d  

from t h e  a d u l t  p a r a s i t e .

2. Im m unisa t ion  o f  r a b b i t s  w i th  p r o t e i n s  o f  F. h e p a t i c a  was shown 

to  s t i m u l a t e  t h e  p r o d u c t i o n  o f  t h e s e  p r e c i p i t i n s  i n  r e l a t i v e l y  l a r g e  

amounts,  as  measured  by q u a n t i t a t i v e  p r e c i p i t i n  t e s t s .

3 .  Im m unisa t ion  of r a b b i t s  w i t h  t h e s e  p r o t e i n s  p r i o r  t o  i n f e c t i o n  

was shown to  p roduce  i n h i b i t i o n  o f  development o f  th e  p a r a s i t e s ,  b u t  

d id  n o t  r e d u ce  t h e i r  numbers s i g n i f i c a n t l y .



XYOl

F ig . 25 . T ypical r a b b i t  l i v e r  9 weeks a f t e r  in fe c t io n  w ith  c e rc a r ia e  
of h e p a tic a . The la rg e  b i l e  d u c ts  are  g re a t ly  en larged  and 
th ickened  and co n ta in  most of the  a d u lt  p a r a s i te s .

F ig , 26. L iver from immunized r a b b i t  V2, 9 weeks a f t e r  in fe c t io n . 
The e x tra -h e p a tic  b i l e  d u c ts  a re  normal in  s iz e .



SUCTION 5

A STUDY OP THE LIVER LESIONS ASSOCIATED 

WITH PASCIOLIASIS IN RABBITS.
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INTRODUCTION

Most o f  the l i t e r a t u r e  d ea lin g  w ith the l e s io n s  caused hy 

F a s c io la  h en a tic a  i s  German in  o r ig in  ( e .g .  J o e s t ,  1921; Bugge,

1988; SohumaGher, O ster tag , 1946) and probably f o r  t h i s

reason the moat complete d e s c r ip t io n  o f  the pathology  of  

f a s c i o l i a s i s  i s  th a t  which i s  contained  in  N ieb er le  and Cohrs* 

"Lehrbuch der S p e z ie l le n  P ath o log isch en  Anatomie der H au stiere" ,

(1952).

In t h e i r  d e s c r ip t io n  o f  the p a th o lo g ic a l  changes in  the  

l i v e r s  o f  a f f e c t e d  sheep and c a t t l e  the authors d ea l f i r s t  w ith  

the t r a c t s  produced by the m igrating  f lu k e s  in  the i n i t i a l  s ta g e s  

of the d is e a s e .  The fresh ly -fo rm ed  ’’BohrgMnge*' are dark red and 

are f i l l e d  with b lood  and l i v e r  d eb r is . L ater , g ra n u lo cy tes ,  

macrophages, and fo re ig n -b o d y  g ia n t  c e l l s  form a p a lisa d e  around 

the edges of each t r a c t ;  th e se  o ld er  t r a c t s  are g re e n ish  in  co lour  

due to  the presence o f  la rg e  numbers o f  e o s in o p h ils  in  th e  in flam ­

matory re a c t io n . The n e c r o t ic  d eb r is  i s  grad u a lly  absorbed and 

i s  rep laced  by g ra n u la t io n  t i s s u e  which i s  i n f i l t r a t e d  w ith  lympho­

c y te s  and la r g e  numbers o f  e o s in o p h ils .  During t h i s  stage  throm­

b o s i s  o f  branches o f  the p o r ta l  v e in  i s  freq u en tly  observed.

They s t a t e  th a t  the chronic phase o f  the d ise a s e  i s  ch a ra c te r ised  

by f ib r o u s  th ic k e n in g  o f  the b i l e - d u c t s  which may be accompanied by 

s t e n o s i s  or d is t e n s io n ;  in  c a t t l e  the b i le - d u c t s  may be c a l c i f i e d .

The ep ithe liu m  o f  the la r g e r  ducts may be n e c r o t ic  or , on the other  

hand, be so h y p e r p la s t ic  as to  resemble papillom atous t i s s u e .  In 

many/
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many p la c e s ,  p a r t ic u la r ly  where the ep ith e liu m  i s  eroded, the  

underly ing  con n ective  t i s s u e  i s  h e a v i ly  i n f i l t r a t e d  v;ith granulo­

c y t e s ,  lym phocytes, macrophages and plasma c e l l s ;  o c c a s io n a l ly  

there i s  suppurative c h o la n g i t i s .

U su a lly ,  the l e f t  lob e o f  the l i v e r  i s  c i r r h o t i c  and the  

r ig h t  lo b e  i s  hypertrophied; the  authors say th a t the  reason fo r  

t h i s  i s  not apparent. The c ir r h o s i s  r e s u l t s  from the h e a l in g  of  

the t r a c t s  produced by the  m igrating f lu k e s ,  and by the p r o l i f e r ­

a t io n  o f  con n ective  t i s s u e  around the p o r ta l  t r a c t s .

Cameron ( l 9 5 l )  and Monnig (1950) s t a t e  th a t  jaundice due to  

b i l i a r y  o b str u c t io n  by the ad u lt  p a r a s i t e s  i s  a c h a r a c t e r i s t i c  

fe a tu r e  o f  f a s c i o l i a s i s .  On the other hand Hutyra and Marek 

(1946) s t a t e  th a t  ic t e r u s  i s  u s u a l ly  absent.

The work d escr ib ed  in  t h i s  s e c t io n  of the t h e s i s  i s  a study  

o f  the l i v e r  l e s i o n s  produced in  th e  rab b it  by in f e c t io n  w ith  P. 

h e p a t ic a . The r a b b its  were k i l l e d  a t  various s ta g e s  o f  the  

in f e c t io n  and the l i v e r s  were examined m acroscop ica lly  and h i s t o ­

l o g i c a l l y .  A fu r th e r  sm all s e r i e s  o f  ra b b its  m B m  su bjected  to  

brora^uXphale in e x c r e t io n  t e s t s  in  order to  confirm th a t  r e te n t io n  

of b i l e  was not a fe a tu r e  of  chronic f a s c i o l i a s i s  in  th e se  

animals.

MATERIALS AND METHODS

P i f t y  ra b b its  were in f e c t e d ,  each w ith  50 7-day old  c e r c a r ia e ,  

by the method d escr ib ed  in  S e c t io n  1 o f  t h i s  t h e s i s .  T h ir ty - s ix  
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of the  ra b b its  were k i l l e d  in  groups o f  four at weekly in te r v a ls  

from two t o  10 weeks a f t e r  in f e c t io n ;  the remaining 14 were 

k i l l e d  at in t e r v a ls  some months l a t e r .

At autopsy the l i v e r  o f  each ra b b it  was examined and the  

l e s i o n s  noted. Blocks o f  t i s s u e  removed fo r  h i s t o l o g i c a l  

exam ination were f ix e d  in  10?-̂  c o r ro s iv e  formol and dehydrated in  

a range of a lc o h o ls  and f i n a l l y  in  amyl a c e ta te ;  th e y  were then  

double-embedded u s in g  a methyl b e n z o a t e - c e l lo id in  s e r i e s  fo llow ed  

by p a r a f f in  wax. S e c t io n s  were r o u t in e ly  s ta in ed  by Mayer's 

haemalum and e o s in ;  o ther techn iques used in  s e le c te d  ca se s  were 

p ic r o -M a llo r y , Gordon and S w eet's  r e t i c u l i n  im pregnation method, 

the p e r io d ic  a c id - S c h i f f  method and carbol-chrom otrope fo r  e o s in -  

p h i l  polymorphonucleara.

During the course o f  the experiment 20 normal ra b b its  were 

a ls o  k i l l e d  and t h e i r  l i v e r s  examined as described  above.

RESULTS

Normal l i v e r s

Macroscopic F indings  

The l i v e r s  o f  a l l  o f  the co n tro l ra b b its  were normal in  

appearance.

M icroscopic F ind in gs  

Most o f  the l i v e r  lo b u le s  and p o r ta l  t r a c t s  in  each of the  

l i v e r s  are com p lete ly  normal. N e v e r th e le ss ,  in  alm ost a l l  o f  

th e  l i v e r s  two l e s i o n s  are p resen t .  One of th e se  i s  a lympho­
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c y t i c  i n f i l t r a t i o n  o f  the parenchyma around a m inority  o f  the  

p o r ta l  t r a c t s ;  the other i s  the presence of f o c i  composed 

p r im a r ily  of lymphocytes s c a t te r e d  apparently  at  random through­

out the parenchyma. The s i z e  o f  the f o c i  range from a few c e l l s  

to  one-quarter o f  a lo b u le  and o c c a s io n a l ly  they incorporate  

m u ltin u c lea ted  l i v e r  c e l l s .

The in c id en ce  and s e v e r i t y  o f  th ese  l e s io n s  in  a f f e c t e d  

l i v e r s  i s  in v a r ia b ly  low and does not hinder to  any grea t  e x ten t  

the in te r p r e ta t io n  o f  the g ro ss  p a th o lo g ic a l  changes consequent 

on in f e c t io n  w ith  F. h e p a t ic a .

In fe c ted  l i v e r s

These are d escr ib ed  under th ree  h ea d in g s:-

( l )  L iv ers  from r a b b its  in fe c te d  fo r  2 weeks.

(S) L ivers  from r a b b its  in fe c te d  fo r  3-7 weeks.

(3 ) L ivers  from r a b b its  in fe c te d  fo r  8 or more weeks.

L ivers  from 8-week in f e c t io n s

Macroscopic F ind in gs  

On the su rface  o f  the l i v e r  were cream-coloured or pink l e s io n s ;  

th e se  appeared as sm all sp o ts  1 -8  mm. in  diameter or as s tre a k s

which were up to  10 mm. in  le n g th  and about 8 mm. wide. S im ilar

l e s io n s  were seen  on the out su r fa c e s  o f  the organ. The e x tr a -  

h e p a t ic  b i l e  ducts were normal in  s iz e .  There was no gross  

p e r i t o n i t i s  o f  the v i s c e r a l  su rface  o f  the l i v e r .

M icroscop ica l F indings  

Examination o f  the l e s io n s  described  above show that they  are 
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n e c r o t i c  t r a c t s  caused  by th e  m i g r a t i o n s  o f  t h e  young f l u k e s  th ro u g h  

th e  l i v e r  parenchyma.

A lthough  t h e s e  young f l u k e s  ( f i g .  2?) a r e  l e s s  t h a n  1 mm. i n  

s i z e ,  t h e  o r a l  and v e n t r a l  s u c k e r s  a r e  e a s i l y  r e c o g n i s e d  and t h e  

c u t i c l e  a l r e a d y  p o s s e s s e s  s m a l l  t h i n  s p i n e s .

The space  l e f t  i n  t h e  wake o f  t h e  f l u k e  i s  f i l l e d  w i t h  c e l l  

d e b r i s ,  n e u t r o p h i l  l e u c o c y t e s ,  l^^niiphocytes and r e d  c e l l s  ( f i g .  2 8 ) .  

The columns o f  l i v e r  c e l l s  which  a r e  im m ed ia te ly  a d j a c e n t  to  t h e  

t r a c t  a r e  a t r o p h i e d  and t h e  n u c l e i  a r e  p y lo io t ic ;  t h e  s i n u s o i d s  i n  

t h i s  a r e a  a r e  d i s t e n d e d  and a re  f i l l e d  w i t h  l a r g e  m ononuclear  c e l l s ,  

ly m p h o cy te s ,  and g r a n u l o c y t e s  ( f i g .  2 9 ) .  The m ononuclear  c e l l s  

p red o m in a te  and a l t h o u g h  a few o f  t h e s e  a r e  t y p i c a l  macrophages 

w i t h  a c l e a r l y  d e l i n e a t e d  e o s i n o p h i l i c  cy to p la sm  t h e  m a j o r i t y  have 

a l a r g e  h y p e rc h ro m a t ic  n u c le u s  w i t h  m a rg in a t io n  o f  t h e  c h ro m a t in  

and a c y to p la sm  which  i s  o n ly  f a i n t l y  v i s i b l e .

At a l a t e r  s t a g e ,  on c r o s s - s e c t i o n  th e  l e s i o n  c o n s i s t s  o f  two 

z o n e s .  The i n n e r  zone i s  composed o f  dead l i v e r  c e l l s ,  e r y t h r o c y t e s , 

and masses o f  g r a n u l o c y t e s ,  p r i m a r i l y  e o s i n o p h i l s .  The d u t e r  zone 

c o n s i s t s  . .pi ' . inçi 'pally o f  th e  m ononuc lears  a l r e a d y  d e s c r i b e d ;  

p h a g o c y to s i s  by t h e s e  c e l l s  i s  n o t  marked.  On t h e  o u t s i d e  edge 

o f  t h i s  a r e a  a few f i b r o b l a s t s  may be obse rv e d ;  t h e y  a r e  p a r t i c u l a r l y  

i n  ev id en ce  a t  any p o i n t  where a p o r t a l  t r a c t  i s  a d j a c e n t  to  t h e  

f l u k e  t r a c t .  As t h e  zone of  a c u t e  in f lam m at io n  d im i n i s h e s  i n  

s i z e ,  t h e  f i b r o b l a s t s  become more numerous and s m a l l  c a p i l l a r i e s  

ap p e a r  on t h e  o u t e r  edge o f  t h e  t r a c t .  E v e n t u a l l y  t h e  t r a c t  i s  
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f i l l e d  w ith  a lo o s e  con n ect ive  t i s s u e  conta in ing  la r g e  mononuclear 

c e l l s  and lymphocytes ( f i g .  30). A lso p resen t are a few la r g e  

m u ltin u c lea ted  l i v e r  c e l l s  and numerous e p i t h e l i a l  c e l l s  which 

resemble l i v e r  c e l l s  but are arranged as sm all b i l e  d ucts .

L iv ers  from 3, 4 , 5, 6 and 7-week in fe c t io n s

The changes observed in  th e se  l i v e r s  may be c o n v en ie n t ly  

d escr ib ed  to g e th e r  as they d i f f e r  in  degree only. In the  o ld er  

in f e c t io n s  the  f lu k e s  are la r g e r  and the l e s io n s  are consequently  

more severe . ,

Macroscopic F ind in gs  

In the h e a v i ly  in fe c te d  an im als, the g rea ter  p art o f  the 

su rface  o f  the l i v e r  was covered by patches o f  f i b r i n  which were 

f a i r l y  f ir m ly  adherent t o  the organ ( f i g .  31). Adhesions were 

p resen t  between the l i v e r  and the stomach, i n t e s t i n e ,  omentum 

and diaphragm, and between the in d iv id u a l lo b es  o f  the l i v e r .

That part o f  the l i v e r  su rface  which was v i s i b l e  showed numerous 

t r a c t  l e s io n s  and s im ila r  l e s i o n s  were seen on c u t t in g  in to  the 

l i v e r .  Wedge-shaped p a le  n e c r o t ic  areas with the apex towards 

th e  cen tre  of the organ and w ith  s id e s  about 15 mm. in  le n g th  were 

common on the edges o f  the l i v e r  lo b e s .  The e x tr a h e p a t ic  b i l e  

ducts were normal in  s iz e .  Of the 20 r a b b its  examined at t h i s  

s ta g e ,  s ix  had d ied  of the in f e c t io n  and the l i v e r s  o f  each of

th ese  s ix  conta ined  50 or more m igrating f lu k e s .

M icroscopic F indings  

The t r a c t s  are s im ila r  to  th o se  described  e a r l i e r  except th a t

th ey  are la r g e r  and more numerous due to  the in cr ea se  in  s i z e  of
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the p a r a s i t e s  and to  t h e ir  continued wandering. The centre of  

the t r a c t  i s  composed o f  c e l l  d e b r is ,  polym orphonuclears, lympho­

c y te s  and la r g e r  mononuclears. E rythrocytes may or may not be 

p resen t  in  la r g e  numbers. E o s in o p h ils  predominate among the  

g ra n u lo cy tes  and may be recogn ised  by the  p oorly  lobed nucleus  

and la r g e  red gran u les  c h a r a c t e r i s t i c  o f  th is  c e l l .  S ince the  

cytoplasm of ra b b it  n eu tr o p h ils  con ta in  red granules which may 

cause them to  be confused w ith  e o s in o p h ils  in  H. and E. s ta in ed  

s e c t io n s ,  the carbol-chrom otrope method was employed to  d i f f e r e n ­

t i a t e  the two typ es o f  c e l l s  s in c e  i t  s e l e c t i v e l y  s t a in s  the  

gran u les  o f  e o s in o p h ile  le u c o c y te s .  The e o s in o p h ils  o f te n  appear 

to  be degenerate and In th ese  c a se s  the cytoplasm i s  com pletely  

e o s in o p h i l i c  and has l o s t  i t s  g r a n u la r ity .

I f  the t r a c t  i s  r e c e n t ly  formed i t  i s  surrounded by a r in g  

of n e c r o t ic  l i v e r  c e l l s  and by d isten ded  s in u so id s  which are 

f i l l e d  w ith  mononuclears and g r a n u lo cy tes  # In o ld er  t r a c t s  ( f ig .  

3 2 )  the zone o f  n e c r o s is  i s  reduced and the space i s  f i l l e d  w ith  

la r g e  mononuclear c e l l s  whose cytoplasm  i s  foamy and p re se n ts  a 

s y n c y t i a l - l i k e  appearance ( f i g .  33) in  the meshes o f  which are 

p resen t  plasma c e l l s ,  lymphocytes and e o s in o p h ils .  F ib r o b la s t s ,  

most o f  which are arranged c o n c e n t r ic k l ly ,  are p resen t  on the  

periphery  o f  th e  t r a c t  ( f i g .  34). C a p i l la r ie s  w ith  sw ollen  

e n d o th e l ia l  c e l l s  grow in  from the periphery o f  the l e s i o n ,  but 

th ese  are not numerous a t  any time. A few mono-and m u lt i­

n u c lea ted  h ep a tic  c e l l s  ( f i g .  35) are commonly p resen t;  the 
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l a t t e r  may have up to  30 n u c le i  which may he d is t r ib u te d  i r r e g u l ­

a r ly  or as an overlapping mass. Small ducts  l in e d  by c e l l s  

resem bling l i v e r  c e l l s  are a ls o  common.

In d iv id u a l p a r a s i t e s  may s e t t l e  down in  the b i l e  ducts as 

e a r ly  as f i v e  weeks a f t e r  in f e c t io n ,  when they  are about 3 mm. in  

le n g th ,  although i t  i s  u s u a l ly  about e ig h t  weeks b efore  they  are  

a l l  in  the b i l e - d u c t s .  T racts ^re, th e r e fo r e ,  formed u n t i l  about 

th e  e igh th  week and in  heavy in f e c t io n s  the l i v e r  may be l i t e r a l l y  

honeycombed.

The b i l e  ducts are a ls o  fre q u e n tly  damaged by the p a r a s i t e s  

and f i g .  36 shows a large  p o r ta l  tr a c t  adjacent to  a f lu k e  t r a c t .  

The w all o f  the b i l e  duct has been ruptured a t  two p o in ts  and the  

lumen i s  f i l l e d  w ith  n e c r o t ic  d eb r is  and polymorphs.

During the m igratory p e r io d ,  p a r t ic u la r ly  in  the  o lder  

in f e c t io n s ,  i t  i s  common to  encounter in fa r c t s .  The s i z e  o f  th ese  

in fa r c t s  ranges from part of a lo b u le  to  part of  a lo b e . The 

la r g e  in fa r c t s  are produced by f lu k e s  track in g  across  a b lood  

v e s s e l ,  by thrombus form ation in  v e s s e l s  adjacent to  a t r a c t ,  and 

p o s s ib ly  by inflammatory changes in  the w a l ls  o f  v e s s e l s .

F ig . 37 shows an in fa r c t  near i t s  s i t e  o f  o r ig in  in  a t r a c t  

produced by a burrowing f lu k e . The next i l l u s t r a t i o n  ( f i g .  38) 

shows the same in fa r c t  at i t s  w idest p o in t;  the b lood v e s s e l  has 

d iv id ed  in to  th ree  branches and each o f  th ese  i s  surrounded by 

n e c r o t ic  l i v e r  t i s s u e .

Thrombus form ation , p a r t ic u la r ly  in  v e in s  i s  commonly 
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encountered and t h i s  i s  i l l u s t r a t e d  by f i g .  39 which shows an 

o rgan is in g  thrombus in  a h ep a tic  v e in . In some damaged a r t e r i e s ,  

thrombosis i s  not found but th ere  occurs se p a ra tio n  and d i s i n t e ­

g r a t io n  o f  the muscle f ib r e s  o f  the media and p r o l i f e r a t i o n  of the  

in tim a i c e l l s ;  in  a d d it io n ,  the w a ll  o f  the v e s s e l  i s  i n f i l t r a t e d  

by gran u locy tes  and lymphocytes ( f i g .  40). In some o f  th ese  

l e s io n s  th e  lumen o f  the v e s s e l  i s  reduced and appears to  be a 

p o s s ib le  cause o f  ischaem ia.

Small f o c i  o f  n e c r o s is  in v o lv in g  lo b u le s  or even p a rts  of  

lo b u le s  are not in fr e q u e n t ly  seen . ^%ile i t  i s  p o s s ib le  th a t  

th ese  are ta n g e n t ia l  s e c t io n s  through the n e c r o t ic  periphery  of  

a f lu k e  t r a c t ,  th ey  may on the other hand be caused by sm all emboli 

o r ig in a t in g  in  vascu lar  damage by the  f lu k e s .

In l i g h t l y  in fe c t e d  l i v e r  or in  lo b es  which are not s e v e r e ly  

damaged by t r a c t  form ation  the p o r ta l  t r a c t s  are u n a ltered . In 

areas which are ad jacent t o ,  or in vo lved  in ,  f lu k e  t r a c t s  three  

changes are noted. Each p o r ta l  t r a c t  i s  surrounded by lymphocytes  

which invade the surrounding l i v e r  parenchyma; th ere  i s  a marked 

h y p erp la s ia  o f  sm all b i l e  ducts on the periphery o f  the p o r ta l  

t r a c t  ( f i g .  41);  f i n a l l y  there i s  e x te n s iv e  oedema o f  the supporting  

p o r ta l  con n ective  t i s s u e ,  the c o l la g e n  f ib r e s  b e in g  w id e ly  separated  

and the lym phatic v e s s e l s  d is ten d ed  ( f i g .  42).

At t h i s  stage  o f  in f e c t io n  one commonly ob serves p a r a s i t e s  or 

t h e ir  t r a c t s  im m ediately below the su rface  o f  the l i v e r .  During 

the subsequent inflammatory r e a c t io n  a th ic k  la y e r  o f  f i b r i n  i s  
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formed on the p e r i to n e a l  su r fa ce ;  th ese  f o c i  o f  f ib r in o u s  p e r i t ­

o n i t i s  o f te n  become co n flu en t  and form adhesions between lo b e s  

and to  the stomach in t e s t i n e  and omentum. O rgan isation  may l a t e r  

supervene on t h i s  p rocess .

L iv ers  from in f e c t io n s  o f  8 weeks and over

Macroscopic F indings  

The l i v e r s  were u su a l ly  adherent t o  the stomach, i n t e s t i n e ,  

omentum and diaphragm by strands o f  con n ective  t i s s u e ;  the lo b e s  

were o f te n  in sep arab le  from each other  due to  s im ila r  changes, and 

were d is to r t e d  and a lt e r e d  in  s i z e .  These changes in  shape 

fo llow èdgno obvious p a tte r n ,  a lthough the main mass o f  lo b e s  was 

u s u a l ly  reduced and the caudate lob e was in creased  in  s i z e  ( f i g .  

43 ). The l i v e r s  were u s u a l ly  p a le r  than normal and the lo b u la r  

p a tte r n  was c l e a r l y  demarcated. M ultip le  nodular h yp erp las ia  as 

seen  in  the human su b jec t  was not a fe a tu r e  o f  th e se  ca ses .  The 

g a l l -b la d d e r  was o f te n  in creased  to  tw ice i t s  normal s i z e  and was 

f i l l e d  w ith  b lack  or brown b i l e .  The w a lls  o f  the ex tra h ep a t ic  

b i l e  ducts were th ickened  and the lumen was se v e r a l  t im es la r g e r  

than normal; the m ajor ity  o f  the p a r a s i t e s  were in  th e se  ducts  

and i f  the l i v e r  was examined immediately a f t e r  death the f lu k e s  

could be observed moving f r e e ly .  On s e c t io n  the l i v e r s  were 

u s u a l ly  f i b r o t i c ;  the in tr a h e p a t ic  b i l e - d u c t s  were d is ten d ed ,  

t h e ir  w a lls  were th ickened  and t h e ir  lumina sometimes contained  

f lu k e s .

M icroscopic F indings  

Numerous areas of f ib r o u s  t i s s u e  may be observed which 

r e p r e s e n t /
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rep resen t advanced s ta g e s  in  the re p a ir  o f  the f lu k e  t r a c t s .  The 

g ra n u la t io n  t i s s u e ,  the form ation o f  which was d escr ib ed  e a r l i e r , i s  

now more h e a v i ly  c o l la g e n is e d ,  there  are very few gran u locy tes  and 

mononuclear c e l l s  p r e s e n t ,  and the t i s s u e  i s  r e l a t i v e l y  avascu lar .  

The sm all ch a n n e ls ,r e fe rr e d  to  e a r l i e r  as bein g  l in e d  w ith  c e l l s  

of parenchymal ty p e ,a r e  now in d is t in g u is h a b le  from sm all b i l e - d u c t s .  

The mono- and m u lt i-n u c lea ted  l i v e r  c e l l s  which are c h a r a c t e r i s t i c  

f e a tu r e s  o f  the h e a l in g  t r a c t s  are now few in  number and appear 

atrophied; t h e i r  cytoplasm  i s  f i l l e d  with f in e  brown gran u les  and 

t h e ir  n u c le i  are pyknotic  ( f i g .  44). In some areas sm all hyper­

p l a s t i c  f o c i  o f  l i v e r  c e l l s  are seen; these  may a l s o  be found in  

chronic in f e c t io n s  o f  s e v e r a l  months' duration . These h y p e r p la s t ic  

f o c i  appear to  be s h o r t - l iv e d  in  many in s ta n c e s  as degen erating  

circum scribed areas o f  l i v e r  c e l l s  are fr e q u e n tly  encountered in  

the same s e c t io n s .  These f ib r o u s  areas formed during the re p a ir  

of the f lu k e  t r a c t s  are fr e q u e n tly  surrounded by lymphocytes which 

may show a tendency to  invade the surrounding parenchyma.

In some areas the p o r ta l  t r a c t s  remain u na ltered . In o th e r s ,  

p a r t ic u la r ly  when the p a r a s i t e s  are numerous, the p o r ta l  t r a c t s  

are in creased  in  area , are very  f ib r o u s ,  and p o sse ss  a la r g e  number 

o f  sm all b i l e  d ucts. Frequently  i t  i s  im possib le  to  decide i f  a 

g iv e n  s tru ctu re  i s  a p o r ta l  t r a c t  or a healed  f lu k e  t r a c t .  The 

p o r ta l  t r a c t s  may be jo ined  to  the areas o f  r e s id u a l  f i b r o s i s  

( i . e .  the healed  f lu k e  t r a c t s )  by a network of con n ective  t i s s u e  

producing the appearance o f  coarse  c i r r h o s i s  ( f i g .  45).

F lu k e /
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Fluke eggs are commonly found In the sm aller  b i l e  d ucts  and 

a s in g le  f lu k e  egg may com pletely  f i l l  the lumen o f  a sm all duct 

( f i g ,  46) and in  la r g e r  ducts f i v e  or more eggs may produce 

apparent complete o b stru c tio n  ( f i g .  47). The presence of th e se  

eggs in  in ta c t  b i l e  ducts u s u a l ly  provokes no r e a c t io n ,  although  

o c c a s io n a l ly  e p i t h e l i a l  h y p erp la s ia  i s  noted.

In those  ducts which are la r g e  enough to  con ta in  ad u lt  

p a r a s i t e s ,  s e v e r a l  l e s io n s  are p resen t. There i s  a g rea t  in crea se  

in  the  diam eter o f  th e se  b i l e  ducts and in  the th ic k n ess  o f  t h e ir  

w a l l s ,  th e se  changes being  most marked in  the common b i l e  duct  

( f i g .  48). Most o f  the p a r a s i t e s  are found in  t h i s  d u ct, t h e ir  

b od ies  fo ld e d  over one another; the m ajority  appear to  be fr e e  in  

the lumen, although o c c a s io n a l ly  t h e ir  suckers are seen  grasp ing  

the mucosa ( f i g .  21). The sharp c u t ic u la r  sp in es  are prominent 

fe a tu r e s  of t h e ir  anatomy and are o f te n  observed embedded in  the  

ep ith e liu m  o f  the  duct. This t i s s u e  i s  e x t e n s iv e ly  damaged by the  

presence o f  th e se  sp in es  and the movements o f  the f lu k e s .  Numerous 

eggs l i e  f r e e  in  the lumen o f  the duct to g eth er  w ith  red and white  

c e l l s  and c e l l u l a r  dbbris .

The s t a t e  o f  the b i l e  duct ep ith e liu m  v a r ie s  depending on 

the presence and a c t i v i t y  of  the  p a r a s i t e s .  O ccasion a lly  i t  i s  

normal, fr e q u e n t ly  i t  i s  h y p e r p la s t ic  ( f i g .  49). The t a l l  colum­

nar ep ith e liu m  may be rep laced  by a cuboidal or f la t t e n e d  type and 

in  some ducts there  i s  no ep ith e liu m  at a l l ,  the duct c o n s i s t in g  

e n t i r e ly  o f  a f ib r o u s  tube (fig*  50). In p la c e s  where the  

e p ith e l iu m /
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ep ith e liu m  has been f r e s h ly  breached by the p a r a s i t e s  there i s  

f ib r in o id  n e c r o s is  o f  the ep ith e liu m  and u nderly ing  t i s s u e s  ; 

below t h i s  n e c r o t ic  t i s s u e  the w a ll i s  h e a v i ly  i n f i l t r a t e d  with  

plasma c e l l s ,  lym phocytes, e o s in o p h i ls  and f ib r o b la s t s  ( f i g .  51).

In lo n g -s ta n d in g  c a s e s  the w a l ls  o f  the ducts are th ickened  and 

f ib r o u s  due to  the p r o l i f e r a t i v e  changes a s s o c ia te d  w ith  sub-acute  

and chronic inflammation. Not in fr e q u e n t ly  n e c r o s is  o f  the com­

p le t e  w a ll  o f  a th ickened  and p a r a s i t i s e d  duct i s  p resen t  ( f i g .

52);  in  some o f  th e se  ca ses  the n e c r o s is  in v o lv es  the surrounding  

l i v e r  t i s s u e .

In some b i l e  d u c ts ,  p a r t ic u la r ly  those  in  which the ep ith e liu m  

i s  desquamated, the w a ll i s  i n f i l t r a t e d  w ith f lu k e  eggs. Occas­

io n a l ly  th ese  eggs are grouped to g eth er  in  la r g e  numbers ( f i g ,  5 3 ) ,  

but more o f te n  they  l i e  s in g ly  in  the t i s s u e .

I n i t i a l l y  the  ova are surrounded and fr eq u e n tly  invaded by 

e o s in o p h i ls  and macrophages ( f i g .  54); l a t e r ,  each c e l l  i s  

surrounded by co n ce n tr ic  whorls o f  macrophages and f ib r o b l a s t s  and 

an outer r in g  o f  lym phocytes, producing a s p e c i f i c  type o f  fo c a l  

granuloma ( f i g .  55).

Areas of n e c r o s is  in  the l i v e r  parenchyma are fr e q u e n tly  

observed. These range in  s i z e  from th a t  o f  a lo b u le  to  areas of  

1 sq. cm. and may in clu d e p o r ta l  t r a c t s  and areas o f  r e s id u a l  

f i b r o s i s ;  the cause o f  t h i s  l e s i o n  i s  undetermined.
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Bromsulphalein E xcretion  T ests

I f  a s o lu t io n  o f  brom sulphalein  i s  in je c te d  in to  the blood  

stream of the normal human s u b je c t ,  almost a l l  of the drug i s  

excreted  in  the b i l e  w ith in  one h a lf-h o u r  a f t e r  in je c t io n .  When 

h ep a tic  l e s io n s  are p resen t  grades of r e te n t io n  up to  lOOĵ S may be 

encountered. These f a c t s  are the b a s is  o f  the use of bromsul­

p h a le in  as a l i v e r  fu n c t io n  t e s t  (Rosenthal and White, 1985).

This t e s t  was ca r r ie d  out on a number of ra b b its ;  th e se  

included a group of th ree  normal r a b b its ,  a group of three ra b b its  

with chronic f a s c i o l i a s i s ,  and tv/o r a b b its  whose common b i l e  ducts  

were l ig a t e d .  The main o b jec t  o f  the experiment was to  show that  

r e te n t io n  of b i l e  was not a c h a r a c te r i s t i c  fea tu r e  o f  f a s c i o l i a s i s ,

Methods and M ater ia ls

A prepared s o lu t io n  of bromsulphalein^ (5 mg, per k i l o . ) was 

in je c te d  in to  the marginal ear v e in  o f  each rab b it. Samples of  

blood were withdrawn 5, 20, and 40 minutes a f t e r  in j e c t io n .  The 

serum was allowed to  separate  and th e  amount of brom sulphalein  in  

each sample determined as descr ib ed  by Rosenthal and White (1925).

R esu lts

These are d e t a i le d  in  Table 17 and show that the e x c r e t io n  

tim es in  both normal and f lu k e  in je c te d  ra b b its  are s im ila r  while  

t h o s e /

X obtained from Savoury and Moore, Bond S tr e e t ,  London.
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th ose  of the two ra b b its  whose b i l e  ducts were l ig a t e d  are g r e a t ly  

in creased . I t  i s  th e r e fo r e  reasonable to  conclude th a t  gross  

b i l i a r y  o b str u c tio n  does not occur in  chronic f a s c i o l i a s i s .  I t  

i s  n ecessary  to  p o in t  out th a t  i f  the brom sulphalein e x c r e t io n  

tim es of the f lu k e  in fe c te d  r a b b its  had been in creased  i t  could  

not have been ascr ib ed  as being  n e c e s s a r i ly  due to  b i l i a r y  

ob stru ctio n .
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T a b le  17

Bromsulphalein e x c r e t io n  tim es in  normal r a b b its ,  

r a b b its  w ith  chronic f a s c i o l i a s i s ,  

and ra b b its  whose b i l e  ducts were l ig a t e d .

Normal Rabbits

Time a f t e r in j e c t io n  in  mins. r e te n t io n

No. 11 5 9. 6
20 0. 4
40 0

No. 35 5 6. 8
80 1 .1
40 0

No. N475 5 13. 9
20 1 .1
40 0. 3

Fluke-- in fe c te d  Rabbits

Time a f t e r in je c t io n  in  mins. % r e te n t io n

No. 0703 5 28. 7
80 1 .8
40 1 .8

No. 6 5 10. 1
80 0 .7
40 0

No. 13 5 18. 5
20 0. 5
40 0
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Rabbits wâth B i l ia r y  O bstruction

Time a f t e r  in j e c t io n  in  mins. ^ r e te n t io n

No. 456 5
20
40

95. 7 
75. 4 
60. 9

No. 33 5
20
40

97. 7 
6 3 .2  
37. 3
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DISCUSSION

The l e s i o n s  which have been d escr ib ed  above may be conven­

i e n t l y  d iscu ssed  by tak in g  in  turn the ab norm alities  a s s o c ia te d  

w ith the normal l i v e r ,  w ith  the acute  or migratory s ta g e  of  

in f e c t io n  and with the chronic or ad u lt  s tage  o f  in f e c t io n .

Lymphocytic i n f i l t r a t e s  were found in  a small p ercen tage of

lo b u le s  in  almost a l l  o f  the  20 normal l i v e r s  examined. V/hile

h e p a t ic  l e s io n s  are common in  la b ora tory  ra b b its  due to  in f e c t io n  
the

with/^protozoan Eimeria s t i e d a e , i t  seems u n l ik e ly  th a t  th ese  

i n f i l t r a t e s  were produced in  t h i s  way, as t h i s  p a r a s i t e  was 

observed on only one o cca s io n  in  the e p i t h e l i a l  c e l l s  o f  a s in g le  

b i l e  duct in  one o f  the  l i v e r s .  At autopsy, a few c y s t i c e r c i  of  

Taenia p is i fo r m is  were found in  the p e r i to n e a l  c a v i ty  o f  almost a l l  

o f  the r a b b its .  These ce s to d e s  are ca rr ied  from the bowel to  the  

l i v e r  by the p o r ta l  stream and g a in  en try  to  the p e r i to n e a l  c a v i ty  

by in tr a h e p a t ic  m igration . Although no n e c r o t ic  t r a c t s  were ever  

seen in  the l i v e r s  o f  the co n tro l r a b b its  i t  i s  not im p ossib le  

th a t  the l i v e r  l e s i o n s  which were d escr ib ed  r e s u lte d  from th ese  

m igration s.

The re p a ir  o f  the n e c r o t ic  t r a c t s  caused by the m igratory  

forms o f  g. h ep a tic a  was fo llo w ed  by p r o l i f e r a t io n  o f  parenchymal 

c e l l s  and o f  con n ective  t i s s u e  c e l l s ;  u su a l ly  the l i v e r  c e l l s  

f a i l e d  to  e f f e c t  complete r e p a ir  w ith  the r e s u l t  th a t  the healed  

t r a c t s  were u s u a l ly  represen ted  by areas o f  f ib r o u s  t i s s u e  

e n c lo s in g /
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e n c lo s in g  f o c i  o f  degen erating  l i v e r  c e l l s .  During the rep a ir  o f  

th ese  t r a c t s  and on the edges o f  th e  oedematous p o r ta l  t r a c t s  the  

d e d i f f e r e n t ia t io n  o f  l i v e r  c e l l s  in to  b i l e  duct ep ith e liu m  was 

o f te n  observed. I n i t i a l l y ,  t h i s  was c h a r a c te r ised  by the pre­

sence in  th ese  areas o f  numerous channels l in e d  by c e l l s ;  many of  

th e se  c e l l s  were in d is t in g u is h a b le  from h ep a tic  c e l l s  w hile  o thers  

were t r a n s i t io n  s ta g e s  between h e p a tic  c e l l s  and b i l e  duct e p i ­

thelium . U lt im a te ly ,  the parenchymal id e n t i t y  o f  th e se  c e l l s  was 

com p lete ly  l o s t  and the s tr u c tu r e s  were ü e n t ic a l  With: sm all' b i l e  

ducts in  every r e sp e c t .

Severe f ib r in o u s  p e r i t o n i t i s  was a fe a tu r e  of  a l l  o f  the  

l i v e r s  which con ta in ed  young m igrating  f lu k e s ,  except those  from 

ra b b its  k i l l e d  two weeks a f t e r  in f e c t io n ;  in v a r ia b ly  the l i v e r s  

from s i x  and seven  week in fe c t io n s  were the most s e v e r e ly  a f fe c t e d .  

These two f a c t s  show that the g ro ss  p e r i t o n i t i s  cannot be a scr ib ed  

to  the  p e n e tr a t io n  o f  the l i v e r  cap su le  by the young f lu k e s  from 

th e  abdominal c a v i t y ,  but i s  a s s o c ia te d  w ith  th e  acute h e p a t i t i s  

fo l lo w in g  the in tr a h e p a t ic  m igration s  o f  the p a r a s i t e s .

The frequency w ith  which f lu k e  t r a c t s  were rep laced  by 

con n ective  t i s s u e  has a lready been noted. I f  t h i s  o b serv a tio n  

i s  a l s o  a p p lic a b le  to  the l i v e r s  o f  in fe c te d  sheep and c a t t l e  i t  

i s  obvious th a t  the known a n th e lm in tic s  used a g a in s t  f a s c i o l i a s i s ,  

a l l  o f  which are on ly  e f f e c t i v e  a g a in st  f lu k e s  in  the b i l e  d u c ts ,  

w i l l  not prevent the form ation  o f  f o c i  o f  f ib r o u s  t i s s u e  in  

in fe c te d  l i v e r s .  I t  i s  th e r e fo r e  p o s s ib le  th a t  l i v e r s  may be 

rendered /
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rendered u n f i t  fo r  human consumption no matter how freq u en tly  

a n th e lm in tic s  are adm inistered .

The l e s io n s  which were a s s o c ia te d  w ith  chronic f a s c i o l i a s i s  

were p a r t ly  a le g a c y  from the acute  s ta g e  o f  the in f e c t io n  and 

p a r t ly  caused by the presence o f  the p a r a s i te s  in  the b i l e  ducts.  

The in crease  in  th ic k n e ss  and in  diameter of the in tr a h e p a t ic  

b i l e  ducts and the in crea se  in  area o f  the p o r ta l  t r a c t s  was 

u s u a l ly  accomplished at the expense o f  the parenchymal t i s s u e ;  

t h i s  overgrowth o f  con n ective  t i s s u e  o ften  proceeded somewhat 

i r r e g u la r ly  and lo b u le s  or groups o f  lo b u le s  were fr e q u e n t ly  

separated  by bands o f  con n ective  t i s s u e .  These outgrowths, 

to g eth er  w ith  the  f ib r o u s  l e s io n s  which are c h a r a c t e r i s t i c  o f  the  

h ealed  f lu k e  t r a c t s ,  produced a coarse  c ir r h o s is .

Jaundice, caused by m echanical o b stru c tio n  o f  the b i l e  ducts  

by the p a r a s i t e s ,  i s  descr ib ed  by se v er a l  w r iter s  (Cameron, 1951; 

Monnig, 1950) as a common seq u el o f  chronic f a s c i o l i a s i s  in  sheep  

and c a t t l e .  In in fe c te d  r a b b it s ,  jaundice even o f  a very tran ­

s ie n t  nature i s  r a r e ly  encountered io'hO#:); and l i v e r

fu n c t io n  t e s t s  f a i l e d  to  show any evidence o f  o b str u c tio n ;  h i s t o ­

l o g i c a l l y ,  o b s tr u c t io n  was only  noted in  the r e l a t i v e l y  small 

number of ducts which were blocked w ith  eggs. In view o f  the  

f a c t  that the r a b b its  which were su b jected  to  l i g a t i o n  o f  the  

common b i l e  duct showed in te n se  jaundice , almost complete r e te n t io n  

o f  bromsulphalein, in creased  a lk a l in e  phosphatase l e v e l s  in  the  

se r a ,  and numerous p lugs o f  in s p is s a te d  b i l e  in  the b i l e  ducts
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( se e  S ec t io n  2)., i t  i s  reasonable to  conclude that in  the rabbit  

in fe c te d  w ith f a s c i o l i a s i s  o b stru c tio n  of the b i l i a r y  t r a c t s  i s  

s l i g h t  or n o n -e x is te n t  and p lays no s ig n i f i c a n t  part in  the patho­

g e n e s is  o f  the c i r r h o s i s .  I t  i s  a l s o  o f  in t e r e s t  to  note that  

ascending suppurative c h o la n g it i s  freq u en tly  a s so c ia te d  with  

o b str u c tio n  o f  the la r g e  b i l e  ducts in  the human su b jec t  was not 

a fea tu r e  of th ese  l i v e r s .

I t  appears, th e r e f o r e , that the e t io lo g y  of the coarse c i r r ­

h o s is  c h a r a c te r i s t i c  of chronic f a s c i o l i a s i s  in  the rab b it  i s  

e s s e n t i a l l y  f i v e f o ld .  F ir s t  the h ea lin g  of the n e c r o t ic  t r a c t s  

produced by the m igration s of young f lu k e s ,  secondly  the in fa r c t s  

r e s u l t in g  from the vascu lar  damage produced by the l a t t e r ,  and 

t h ir d ly  the chronic c h o la n g i t i s  caused by the presence o f  the  

p a r a s i t e s  in  the ducts- To th ese  may be added the p r o l i f e r a t i v e  

chqnges on the periphery of both the  p o rta l t r a c t s  and the healed  

f lu k e  t r a c t s  and the granulomatous l e s io n s  which are formed in  

response to  the presence of f lu k e  eggs in  the t i s s u e s .

The p re se n c e  in  th e s e  l i v e r s  o f  numerous granulom at a  c o n ta in in g  

f lu k e  eggs has a w ell-know n c o u n te r p a r t  in  human s c h i s to s o m ia s i s .

One of the c l a s s i c a l  l e s io n s  of t h i s  d ise a se  and, according to  

Craig and Faust ( l 9 5 l )  the most important, i s  the form ation  of  

pseudotubercles  around eggs lodged in  the p e r i -v a s c u la r  t i s s u e s .

The adult worms l i v e  in  the m esen ter ic -p o r ta l v e s s e l s  and in  the  

a sso c ia te d  v e s ic a l  and p e lv ic  p lex u ses  and the eggs are d ischarged  

in to  sm all ven u les;  from there they  f i l t e r  through the w a ll o f  

the venu les  and p en etra te  the mucosa of the bowel or b ladder to  

reach the lumen. According to  Shaw and Ghareeb (1938) t h i s

m ig r a t io n /
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m igration  i s  accomplished w ith  the aid. o f  a n e c r o t iz in g  ferment 

which i s  produced by the  mi^racidium and d i f f u s e s  through the  

pores of the e g g - s h e l l .  In chronic ca ses  of the  d is e a s e  the eggs  

are attacked  in  the p e r iv a sc u la r  t i s s u e s  by le u c o c y te s  w ith  the  

eventu a l production  o f  e g g -a b sc e sse s  and m ilia r y  p seu dotu bercles .  

In th e  rab b it  l i v e r s  in fe c te d  w ith  F. h ep a tica  the eggs are 

norm ally d ischarged d i r e c t l y  in to  the b i le - d u c t s  and so reach the  

e x t e r io r ;  t i s s u e  m igration  i s  th e r e fo re  not a n ece ssa r y  part of 

the l i f e - c y c l e .  No n e c r o s is  was observed around the eggs in  the  

p e r id u c ta l  t i s s u e s  and i t  was probable th a t  they  en tered  th ese  

t i s s u e s  through abrasions produced by the ad u lts  in  the w a l ls  o f  

the d ucts . One other fe a tu r e  a s so c ia te d  w ith  the eggs o f  F. 

h ep a t ic a  was the frequency w ith  which a sm all b i l e  duct was obser­

ved to  be plugged by a s in g le  f lu k e  egg. The mechanism whereby 

t h i s  occurred i s  unknown; i t  i s  p o s s ib le  th a t the g e n i t a l  pore  

of a f lu k e  was o c c a s io n a l ly  ap p lied  to  a small b i l e  duct and th a t  

the eggs were shed in to  t h i s  duct and in  some way fo rced  up the  

lumen.
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F ig . 27. Young f lu k e , 2 weeks a f t e r  in fe c t io n ,  m ig ra tin g  through 
l i v e r  parenchyma. H.&.E. x 100,

I

s

F ig . 28. T .S . of f re s h ly  formed f lu k e  t r a c t .  The space l e f t  by the 
p a r a s i te  i s  f i l l e d  w ith  polym orphonuclears, lym phocytes, red  blood 
c e l l s ,  and l i v e r  d e b r is .  M allory x 180.
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h

F ig . 29. D egenerating  l i v e r  c e l l s  and d is ten d ed  s in u so id s  on the 
p e rip h e ry  of a f lu k e  t r a c t .  The s in u so id s  a re  f i l l e d  w ith  la rg e  
m ononuclears and lym phocytes. H.f-.E. x 60O,

&

F ig . 30 . F re sh ly  h ea led  sm all f lu k e  t r a c t  j u s t  below su rfa c e  of l iv e r ,  
I t  i s  composed of lo o se  connective t i s s u e ,  in te rs p e rs e d  w ith  
phagocytes, d eg en era tin g  m u lti-n u c le a te d  l iv e r  g ia n t  c e l l s ,  and a  few 
young b i l e  d u c ts . H.&.E. x 100.
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F ig , 51 . L iver of r a b b i t  6 weeks a f t e r  in fe c t io n  w ith ^0 c e rc a r ia e , 
The su rface  i s  covered w ith  patches of f i b r i n .

F ig , 52 . P a r t i a l ly  healed  f lu k e  t r a c t  showing n e c ro tic  d e b r is  
in  c e n tre , surrounded by young connective t i s s u e  and 
mononuclear c e l l s ,  H,&,E, x
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F ig . 55* Appearance of mononuclear c e l l s  in  h ea lin g  f lu k e  t r a c t .  
H. ".E . X 500 .

F ig .  $4. P a r t  of c irc u m fe re n ce  o f h e a lin g  f lu k e  t r a c t  shov/ing
c o n c e n tr ic  arrangem ent of f i b r o b l a s t s  on p e r ip h e ry . H. E. x 110.
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I

F ig , 5^. M u lti-n u c lea ted  l i v e r  g ia n t c e l l  formed during  re p a ir  of 
f lu k e  t r a c t .  H.&.E. x 1$0.

F ig . $6. P o r ta l  t r a c t  of l i v e r  6 weeks a f t e r  in fe c t io n .  The b i l e  
d u c t i s  ru p tu red  a t  two p o in ts  and th e  h e p a tic  a r te r y  i s  damaged; 
th e  su p p o rtin g  connective t i s s u e  i s  oedematous and th e  lym phatic 
v e s s e ls  a re  d is te n d e d . H.&.E. x 5^.
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Fig , 57. I n f a r c t  of l i v e r  of r a b b i t  6 weeks a f t e r  in fe c t io n .  
H.&.E. X 15 .

F ig . 58" Same i n f a r c t  a t  w id est p a r t  ; th e  blood v e s se l  has 
d iv id ed  in to  th re e  b ran ch es. H.&.E. x I 5 .



yxH

F ig . 59 . Thrombus in  h e p a tic  v e in . H.&.E. x 60 .

F ig . 4 0 . H ep a tic  a r t e r y  showing in flam m atio n  and oedema o f w a l l .
H.&.E. X 110.
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F ig . 41. H y p erp lasia  of b i l e  d uo ts  on p e rip h e ry  of p o r ta l  t r a c t ,  
H .S.E. X 400.

F ig . 42. Oedema of co n n ec tiv e  t i s s u e  of p o r t a l  t r a c t .  H.&.E. x 110.
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F ig , 45 , L iv e r of r a b b i t  w ith  chron ic  f a s c i o l i a s i s .  The main 
lobe mass i s  reduced and th e  caudate lobe i s  in c reased  in  s iz e .

F ig . 44 . H ealed  f lu k e  t r a c t .  H.&.E. x 5 0 ,
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F ig . 45. Coarse c i r rh o s is  of ch ron ic  f a s c i o l i a s i s .  H.&.E. x 20.

9

F ig . 46. Fluke egg in  b i l e  d u c t. M allory x 4^0.



XXIX

P ig . 47 . Fluke eggs b lo ck in g  lumen of b i l e  d u c t. M allory x 110.

F ig . 48 . In c re a se d  diaim eter and th ic k n e s s  of conmon b i l e  d u c t in
ch ro n ic  f a s c i o l i a s i s .  I n s e r t  shows norm al common b i l e  d u c t .
M allo ry  x 6.
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F ig . 49 . H yperp lasia  af*‘b i l l a r y  ep ith e liu m  of oomnon b i l e  d u c t. 
H.&.E, X 5 5 .

F ig . 9 0 . Common b i l e  d u c t  showing f i b r o s i s  of w a l l .  The o r a l  and
v e n tr a l  su c k e rs  and th e  sp in e s  o f th e  f lu k e  can be s e e n . M allo ry  x 12.



XXXI

F ig , 51" H loer of w a ll of commoin b i l e  d u c t, H.&.E. x 59.

F ig . 9 2 . N e c ro s is  o f com plete w a ll of common b i l e  d u c t .  The o ra l
su ck e r and th e  s p in e s  of th e  f lu k e  a re  p ro m in en t. H.&.E. x 59»
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F ig . 95* Seeding of l i v e r  t i s s u e  w ith  f lu k e  eggs. M allory  x 59.

m M

F ig . 94 . Fluke egg surrounded and invaded by e o s in o p h ils  and 
macrophages. H.&.E. x 420.
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F ig . Egg granulom ata. M allory x 110.
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SUMARY

It. The l i t e r a t u r e  p e r t a i n i n g  to  th e  h e p a t ic  l e s i o n s  a s s o c ia t e d  

w ith  f a s c i o l i a s i s  i.S; d is c u s se d .

2. An experim en t i s  d e s c r ib e d  in  which th e  s e r i a l  u a th o lo g y  of 

f a s c i o l i a s i s  i s  d e s c r ib e d  in  r a b b i t s ,

3a These l e s i o n s  a re  d is c u s s e d  and i t  i s  concluded  t h a t  th e  c irrho^  

s i s  c h a r a c t e r i s t i c  o f  f a s c i o l i a s i s  i s  due t o : -

(a )  th e  h e a l in g  o f  th e  t r a c t s  and i n f a r c t s  p roduced  by th e  

m ig ra t in g  f l u k e s ;

(b )  ch ro n ic  c h o l a n g i t i s  caused  by th e  p re se n ce  o f  th e  a d u l t s  

in  th e  l a r g e  b i l e - d u c t s ;

(c )  h y p e r p la s i a  o f  b o th  c o n n e c t iv e  t i s s u e  and b i l i a r y  e lem en ts  

in  th e  p o r t a l  t r a c t s ;

(d) g ranu lom atous l e s i o n s  formed in  re sp o n se  t o  th e  p re se n c e  

of f lu k e  eggs in  th e  t i s s u e s ,

4. O b s t ru c t io n  of th e  b i l i a r y  t r a c t s  appears  to  p la y  no p a r t  in  

th e  p a th o g e n e s is  of th e  c i r r h o s i s .
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The s n a i l s  were o b ta in e d  from a f i e l d  h a b i t a t  n e a r  A b erfo y le  

i n  J a n u a ry ,  1949. The farm  was one i n  which f a s c i o l i a s i s  was common 

i n  th e  c a t t l e  and sheep  and th e  h a b i t a t  was l o c a t e d  d u r in g  a j o i n t  

e x p e d i t i o n  w ith  Mrs. Drummond of th e  Zoology D epartm ent o f  t h i s  

U n iv e r s i t y .  S n a i l s  and mud were removed to  th e  V e t e r i n a r y  S choo l, 

Glasgow, where th e  c u l tu re ,  h as  s in c e  been  m a in ta in e d .

Appendix D

The s p e c t r o p h o to m e t r i c  d e t e c t i o n  o f  b i l i v e r d i n  i n  p lasm a 

d e s c r ib e d  by L a rso n ,  Evans and Watson, (1 9 4 7 ) ,  depends on th e  marked 

l i g h t  a b s o r p t i o n  o f  b i l i v e r d i n  a t  w av e len g th s  betv/een 550 m jyy and 

700 m jA , maximal a t  650 m ^  . I n  th e  method used , 1 m l. o f  p lasm a 

was added to  8 m l. d i s t i l l e d  w a te r .  The d i l u t i o n  was made up to  

10 m l. w i th  a  s a t u r a t e d  s o l u t i o n  o f  NaOl which h a s  th e  e f f e c t  of 

c l e a r i n g  o p a c i ty .  The l i g h t  a b s o r p t io n  c u rv e s  o f  t h e s e  d i l u t i o n s  

were examined u s in g  a Unicam S .P . 500 s p e c t r o p h o to m e te r .  The 

a b s o r p t i o n  cu rve  o f  t h e  p la sm a o f  i n f e c t e d  r a b b i t s  was compared 

v /ith  t h a t  o f  th e  p lasm a o f  norm al r a b b i t s  s i m i l a r l y  d i l u t e d .  No 

d e t e c t a b l e  amount o f  b i l i v e r d i n  was p r e s e n t  i n  th e  p la sm a  o f  e i t h e r  

g roup .

Appendix Q

The r a b b i t  r e d  c e l l s  were t e s t e d  f o r  th e  p re s e n c e  o f  ad so rb e d  

in c o m p le te /
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in c o m p le te  a n t ib o d y  by th e  d i r e c t  a n t i g l o b u l i n  t e s t .  In  t h i s ,  

t h e  r e d  c e l l s  were t h r i c e  washed w i th  norm al s a l i n e  and d i l u t e d  

to  5̂  ̂ w i th  norm al s a l i n e .  One drop  of th e  s u s p e n s io n  o f  c e l l s  

was in c u b a te d  f o r  one hour a t  37^0. w ith  one drop o f  a  s u i t a b l e  

d i l u t i o n  of an a n t i - r a b b i t  g l o b u l i n  serum. The c e l l s  were th e n  

examined f o r  a g g l u t i n a t i o n .  The o c c u rre n c e  o f  a g g l u t i n a t i o n  

i n d i c a t e d  th e  p re s e n c e  of  ad so rb e d  in co m p le te  a n t ib o d y  on th e  

r e d  c e l l s .

The a n t i - r a b b i t  g lo b u l i n  serum was deve loped  by im m unising 

g o a t s  a g a i n s t  r a b b i t  serum w ith  in t r a m u s c u la r  i n j e c t i o n s  o f  

a l u m - p r e c i p i t a t e d  r a b b i t  serum (Proom, 1943) fo l lo w e d  by i n t r a ­

venous i n j e c t i o n s  of r a b b i t  serum.

The g o a t serum v/as th e n  a b so rb e d  w ith  w e l l —washed norm al 

r a b b i t  r e d  c e l l s  to  remove a g g l u t i n i n s  and t i t r a t e d  by t e s t i n g  

d o u b l in g  d i l u t i o n s  w i th  r a b b i t  r e d  c e l l s  c o a te d  w ith  in c o m p le te  

i s o —a n t ib o d y .  S u i t a b l e  d i l u t i o n s  f o r  t e s t s  were d e te rm in e d  by 

t h i s  t i t r a t i o n .
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■ The a u th o r  w ish e s  to  e x p re s s  h i s  th a n k s  to: P r o f e s s o r  J ;  Y/. ' 

E m slie ,  w ho. s u p e rv is e d  t h i s  w ork, f o r  h i s  h e l p .and e n c o u ra g em e n t. 

The e x p e r im e n ts , ;d e s c r ib e d  i n  S e c t io n  3 and S e c t io n  . 4 w e re . c a r r i e d  

o u t i n  c o l l a b o r a t i o n  w i th  Dr* W. M u ll ig an  and k lr . F . W:.. J e n n in g s  

o f  t h e  D epartm ent o f  V e te r i n a r y  D io c h e m is t ry  o f  t h i s  S ch o o l ,  and 

th e  a u th o r  i s  d ee p ly , in d e b te d  to  th e s e  two * Thanks a r e  a l s o  due 

to  Dr 6 J c. A nderson of. . th e  D epartm ent o f  P a th o lo g y ,  The W este rn  

I n f i r m a r y , Glasgow, who. examined th e  sm ip le s  o f  r a b b i t  r e d  c e l l s  

by th e  Ooombs.* t e s t , and : 'to  D r.  A. D a ik ie  o f  th e  D epartm ent o f  : ,

M edicine 5 The Royal . I n f i r m a r y ,  Glasgow who c a r r i e d  o u t ■ t h e  work on 

s p e c t ro p h o to m e try ;  -to A-br.. J . G* G 'S u l l iv a n  o f  th e  D epartm ent . 

o f  P a th o lo g y ,  f o r  h e lp  on .freq^uent o c c a s io n s  and t o  Mr # W. P .  H* 

J a r r e t t  o f  - t h e  V e te r i n a r y  H o s p i t a l ,  G a rsc u b e , f o r  a d v ic e  in . - 

oonneo.tion w i th  S e c t io n ,  5j to  P r o f e s s o r  G. L .  Montgomery f o r  

p e rm is s io n  t o  w o rk / fo r  some months i n  h i s  D epartm ent and to  ;

P r o f  essor: D. P  ̂ O a p p e l l ,  who a llo w ed  th e  a u th o r  to  examine th e  

s l i d e s  i n  th e  micro-museum o f  t h e  W este rn  I n f i r m a r y ;  % to  Mr.. W. 

G ra n t ,  D i v i s i o n a l  V e te r i n a r y  O f f i c e r ,  M in i s t r y  o f  A g r i c u l t u r e  

and .F i s h e r i e s ,  S t i r l i n g ,  f o r  h e lp  in . the; f i e l d ;  t o  Alt. W. Penny . 

and. th e  t e c h n i c a l  s t a f f  o f  th e  Departm ent, o f  V e te r in a r y ;P a th o lo g y  

and to  Mr 1 A. F i n n i e , t h e  Sohool P h o to g ra p h e r .  * ,

. The vfhole o f  t h i s  work was f in a n c e d  by a G rant from  th e  

A g r i c u l t u r a l  R e se a rc h  O o u n c i i .  -. .I,
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SülfflvIAHY

This t h e s i s  d e s c r ib e s  some a s p e c t s  of th e  e x p e r im e n ta l  i n f e c t i o n  

o f  r a b b i t s  w i th  F a s c i o l a  h e p a t i c a *

The f i r s t  p a r t  i s  co ncerned  w i th  th e  v a lu e  of th e  r a b b i t  as h o s t  

i n  e x p e r im e n ta l  f a s c i o l i a s i s .  To t h i s  end, some e x p e r im e n ts  were 

c a r r i e d  o u t to  d e te rm in e  th e  im p o rtan ce  of some of th e  f a c t o r s  which 

m ight in f lu e n c e  th e  number o f  a d u l t  f l u k e s  d e v e lo p in g  i n  a r a b b i t  

from a g iv e n  number o f  c e r c a r i a e .  I t  was co nc luded  t h a t  two of th e  

m ost im p o r ta n t  f a c t o r s  a r e  th e  teohnitpue of i n f e c t i o n  and th e  n a t u r a l  

r e s i s t a n c e  o f  t h e  r a b b i t .  D e t a i l s  a r e  g iv en  of a s im p le ,  r a p i d  and 

e f f i c i e n t  techniq_ue o f  i n f e c t i o n  and i t  was co n c lu d e d  t h a t  th e  n a t u r a l  

r e s i s t a n c e  of th e  r a b b i t  to  i n f e c t i o n  w ith  F̂ . h e p a t i c a  was about th e  

same l e v e l  and w i th in  th e  same l i m i t s  as  t h a t  of t h e  sh e ep .

The work d e s c r ib e d  i n  th e  second p a r t  of th e  t h e s i s  i s  co n c e rn ed  

w ith  th e  anaem ia a s s o c i a t e d  w ith  f a s c i o l i a s i s .  T h is  was sh o rn  to  be 

m a c ro c y t ic  and hypochrom ic and accom panied by a c o n s ta n t  r e t i c u l o -  

c y t o s i s ;  th e  p lasm a c o n ta in e d  no e x c e s s  b i l i r u b i n  o r  b i l i v e r d i n  and 

th e  s p le e n  was alw ays d e f i c i e n t  i n  i r o n .  The marrow was h y p e r p l a s t i c  

and n o r m o b la s t ic .  B lood or b lo o d  p ro d u c ts  were c o n s i s t e n t l y  

d e m o n s tra te d  i n  th e  common b i l e  d u c t s  o f  i n f e c t e d  r a b b i t s  and i n  th e  

c a e c a  of t h e  f l u k e s .  The anaem ia d is a p p e a re d  when th e  f l u k e s  were

\rem oved  by an a n t h e l m i n t i c .  I t  was conc luded  t h a t  th e  anaem ia was
\
s 'à m ila r  i n  a l l  e s s e n t i a l  r e s p e c t s  t o  t h a t  p roduced  i n  r a b b i t s  by 

i )4 p e a te d  b le e d in g ,  _ i.e . , t h a t  t h e  anaem ia was p o s t -h a e m o r rh a g ic  i n  

y  ty p e .  .

A ttem pts  were made to  e s t im a te  th e  b lo o d  l o s s e s  p ro d u ced  by th e  

a d u l t /



a d u l t  f lu lces  i n  th e  b i l e  d u c t s  by r a d i o a c t i v e  i s o t o p e  t e c h n iq u e s  i n
^2 1^1w hich  r e d  c e l l s  and p lasm a were l a b e l l e d  w ith  P and I  r e s p e c t ­

i v e l y ,  and i n j e c t e d  i n t o  i n f e c t e d  r a b b i t s .  These were k i l l e d  and 

th e  amount o f  b lo o d  i n  th e  f l u k e s  c a l c u l a t e d  by m e asu r in g  t h e i r  

r a d i o a c t i v i t y .  I t  v/as co n c lu d ed  t h a t  each  f lu k e  rem oves 0 .2 5  ml. 

d a i l y .

A f u r t h e r  s e c t i o n  d e s c r ib e s  th e  r e s u l t s  o b ta in e d  by th e  

im m u n isa tio n  o f  r a b b i t s ,  w i th  p r o t e i n s  o f  F. h e p a t i c a . T h is  was 

shown to  s t im u la te ,  t h e  p r o d u c t io n  o f  p r e c i p i t i n s  i n  r e l a t i v e l y  

l a r g e  amounts a s  m easured  by q u a n t i t a t i v e  p r e c i p i t i n  t e s t s .  Immun­

i s a t i o n  of r a b b i t s  w i th  t h e s e  p r o t e i n s  p r i o r  to  i n f e c t i o n  was shown 

to  p roduce  i n h i b i t i o n  o f  developm ent of  th e  p a r a s i t e s ,  b u t  d id  no t 

r e d u c e  t h e i r  numbers s i g n i f i c a n t l y *

In  th e  l a s t  s e c t i o n  o f  th e  t h e s i s ,  th e  s e r i a l  p a th o lo g y  of 

e x p e r im e n ta l  f a s c i o l i a s i s  i s  d e s c r ib e d  i n  r a b b i t s .  These l e s i o n s  

a r e  d i s c u s s e d  and i t  i s  co nc luded  t h a t  th e  c i r r h o s i s  c h a r a c t e r i s t i c  

o f  f a s c i o l i a s i s  i s  due t o : -

(a )  th e  h e a l i n g  o f  t h e  t r a c t s  and i n f a r c t s  p ro d u ced  by t h e

m ig r a t in g  f l u k e s  ;

(b) c h ro n ic  c h o l a n g i t i s  cau sed  by th e  p re s e n c e  of th e  a d u l t s

i n  th e  l a r g e  b i l e  d u c t s ;

(c )  h y p e r p l a s i a  of b o th  c o n n e c t iv e  t i s s u e  and b i l i a r y  e lem e n ts

i n  t h e  p o r t a l  t r a c t s ;

(d) g ran u lo m ato u s  l e s i o n s  formed i n  r e s p o n s e  to  t h e  p r e s e n c e  of

f lu k e  eggs i n  t h e  t i s s u e s .
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