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The t h e s i s  i s  d iv id e d  in to  two s e c t i o n s .  The 

f i r s t  o f  th e s e  d e s c r ib e s  th e  o c c u rre n c e  an d  i s o l a ­

t i o n  o f  a  s t r a i n  o f  e c t ro m e l ia  v i r u s  from  am 

ep idem ic  i n  w hich  s k in  l e s i o n s  w ere n o t  a  n o ta b le  

f e a t u r e .  The o u ts ta n d in g  f e a t u r e  a t  n e c ro p s y  in  

th e s e  c a s e s  was a  r e g u l a r l y  o c c u r r in g  h e p a t i t i s .

The i d e n t i t y  o f  th e  a g e n t  v/as c o n firm e d  b y  means 

o f  egg in o c u l a t i o n ,  v i r u s  n e u t r a l i s a t i o n  and  haema- 

g g l u t i n a t i o n  t e s t s ,  and  i t  was c o n s id e re d  t h a t  th e  

d i s e a s e  m ig h t s e rv e  a s  a  u s e f u l  e x p e r im e n ta l  m odel 

o f  i n f e c t i v e  h e p a t i t i s .

The seco n d  s e c t io n  o f  th e  t h e s i s  d e a ls  w ith  

th e  e f f e c t s  o f  e n v iro n m e n ta l f a c t o r s  on th e  d ev e lo p ^  

m ent o f  th e  d is e a s e  p ro d u ced  b y  th e  v i i u s .  P r o te in  

d e f i c i e n t  d i e t s  w ere s e l e c t e d  on th e  b a s i s  o f  t h e i r  

a b i l i t y  to  p ro d u ce  d i e t e t i c  n e c r o s i s  i n  r a t s .  Two 

su ch  d i e t s  w rdch d i f f e r e d  o n ly  i n  th e  so u rc e  o f  

c a s e in  u se d  f a i l e d  t o  I n f lu e n c e  a d v e r s e ly  th e  

d eve lopm ent o f  h e p a t i t i s  due t o  th e  v i r u s .  The 

e f f e c t  o f  a  c o ld  en v iro n m en t was n e x t  in v e s t i g a t e d  

and  i t  was d e m o n s tra te d  t h a t  t h e  50 p e r  c e n t .  letha)L  

dose  e n d -p o in t  v/as much h ig h e r  i n  th e  c o ld  e n v iro n ­

m e n t. The r e s u l t s  w ere h ig h ly  s i g n i f i c a n t  and  

in d ic a t e d  t h a t  a  h u n d red  t o  a  th o u sa n d  t im e s  a s  

much v i r u s  i s  r e q u i r e d  to  k i l l  a p p ro x im a te ly  50 p e r  

c e n t ,  o f  m ice in  th e  warm en v iro n m en t u se d  (ap p ro x ­

im a te ly  7 5 °F . ) a s  i s  n eed ed  t o  k i l l  t h e  same p ro ­

p o r t io n  o f  m ice in  t h e  c o ld  en v iro n m en t (a p p ro x ­

im a te ly  4 3 ^ F . ) •



ProQuest Number: 10662391

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 10662391

Published by ProQuest LLO (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 LLO.

ProQuest LLO.
789 East Eisenhower Parkway 

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



T hat t h i s  e f f e c t  was due s p e c i f i c a l l y  to  th e  

a c t io n  o f  th e  v i i u s  was shown b y  th e  f a c t  t h a t  i t  

co u ld  be  p re v en ted  by  th e  p r i o r  a d m in is t r a t io n  o f  

immune serum . In tra v e n o u s  in o c u la t io n  was a s  

e f f e c t iv e  a s  in t r a p e r i to n e a l  a d m in is t r a t io n  in  

e l i c i t i n g  th e  e f f e c t  and i t  p roved  t h a t  m ice 

ad ap ted  from  b i r t h  to  th e  c o ld  environm ent were 

a s  s u s c e p t ib le  a s  mice exposed to  t h a t  environm ent 

on th e  day o f  i n f e c t io n .  The tim e r e l a t i o n s  o f  

th e  e f f e c t  were n e x t in v e s t ig a te d .  P re - tre a tm e n t 

o f  mice v /ith  c o r t is o n e  o r  w ith  th y ro id  e x t r a c t  

f a i l e d  to  rep ro d u ce  th e  e f f e c t  seen In  th e  c o ld  

env ironm en t. I t  n o t  p o s s ib le  to  d em onstra te  

s i g n i f i c a n t l y  g r e a t e r  am ounts o f  v i r u s  in  m ice in  

th e  c o ld  en v iro n m en t, u s in g  th e  i n f e e t i v i t y  o f  

I l i v e r  su sp e n s io n s  a s  th e  in d e x . E xam inations were 

I c a r r ie d  o u t to  exclude th e  p re se n c e  o f  E peiy throzoc 

I  c o c c o id e s .

H is to lo g ic a l  exam ination  o f  th e  l i v e r s  o f  micci 

dying  in  th e  two env ironm ents re v e a le d  t h a t  w ith  

in te rm e d ia te  d o ses  o f  v i r u s  th e  h e p a tic  n e c ro s is  

te n d ed  to  be  c o n f lu e n t and e x te n s iv e  in  th e  c o ld  

environm ent b u t  was f o c a l  and o f  sm a lle r  e x te n t  

in  th e  warm env ironm en t. The s u r v iv a l  tim e s  w ith  

th e  same dose o f  v i r u s  were u s u a l ly  two to  th r e e  

days l e s s  in  th e  c o ld  env ironm ent. I t  i s  c o n s id e red  

t h a t  th e  in c re a s e d  m o i 'ta l i ty  o f  in f e c te d  m ice in  

th e  c o ld  environm ent i s  due p r im a r i ly  to  th e  

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

c o n d it io n s  •
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GEÎ IERAL IlfrRODUCTIOiT

A w ide v a r i e ty  o f  f a c t o r s  i s  ca p ab le  o f  

p ro d u c in g  l i v e r  d i s e a s e .  Himswoith (1947) i n  th e  

L ow ell l e c t u r e s  h a s  su g g e s te d  a  c l a s s i f i c a t i o n  o f  

such  f a c t o r s .  He lia s  em phasised  th e  t e n t a t i v e  

n a tu re  o f  any such c l a s s i f i c a t i o n  b ecau se  he 

c o n s id e r s  t h a t  th e  outcome o f  any in ju r y  i s  d e t e r ­

m ined by  f a c t o r s  in h e re n t  i n  th e  l i v e r  i t s e l f  

r a t h e r  tlia n  by  th e  n a tu re  o f  th e  in ju r io u s  a g e n t .  

T hroughout th e  l e c t u r e s  he c o n s id e r s  n o t  o n ly  th e  

way in  which th e  d is e a s e -p ro d u c in g  f a c t o r s  o p e ra te  

b u t  a ls o  th e  c irc u m s ta n c e s  w hich d e te rm in e  th e  ty p e  

o f  in ju r y  p ro d u ced . T h is  o u tlo o k  on l i v e r  d is e a s e  

i s  l a i g e l y  b a se d  on a  c o n s id e r a t io n  o f  th e  b ack ­

ground  o f  e x p e rim e n ta l work i n  a n im a ls . Himsworth 

i s  p r im a r i ly  co n cern ed  w ith  th e  p a th o g e n e s is  o f  

l i v e r  l e s i o n s ,  an d , o f  th e  f a c t o r s  d e a l t  w ith  in  

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

a r e  d is c u s s e d  a t  g r e a t e s t  l e n g th .

Himsworth g iv e s  a  b ib l io g ra p h y  and an  acco u n t 

o f  th e  developm ent o f  th e  work on d i e t a r y  f a c t o r s  

from  i t s  in c e p t io n ,  and p o in ts  o u t t h a t  i t  v/as n o t  

u n t i l  i t  was shown t h a t  l i v e r  le s io n s  co u ld  be 

p roduced  by  d i e t a r y  d e f i c i e n c ie s  (W eichselbaum , 

1935) t h a t  th e  im portance  o f  d i e t  became g e n e ra l ly  

r e c o g n is e d . Himsworth and G lynn (1944) showed 

t h a t  th e r e  were tv/o k in d s  o f  e x p e rim e n ta l d i e t e t i c  

in ju r y  in  r a t s ;  f i r s t  an  a c u te  m assive  n e c r o s i s ,  

th e  s u rv iv o rs  o f  w hich dev e lo p  p o s t - n e c r o t i s  

s c a r r in g /



s c a r r in g  and n o d u la r  h y p e r p la s ia ,  and second a 

s lo w ly  d ev e lo p in g  d i f f u s e  f i b r o s i s .  The f i r s t  ty p e  

i s  r e l a t e d  to  d e f ic ie n c y  o f  p r o te in  and to c o p h e ro l ,  

t h e  second  to  c h o l in e  d e f ic ie n c y  fo llo w e d  b y  f a t t y  

i n f i l t r a t i o n  o f  th e  l i v e r ,  and a c u te  n e c r o s is  i s  

n e v e r  a f e a tu r e  o f  th e  p r o c e s s .  They d e s c r ib e d  in  

d e t a i l  th e  c o n d i t io n s  n e c e s s a ry  f o r  th e  p ro d u c tio n  

o f  th e s e  le s io n s  i n  r a t s .

Rao (1 9 4 8 ), w orking in  Bombay and u s in g  th e  

m ethods o f  Himsworth and G lynn , r e p o r te d  h i s  f a i l u r ^  

to  p roduce a c u te  d i e t e t i c  n e c r o s is  i n  r a t s  and  

su g g e s te d  t h a t  E n g lan d ’ s c o ld e r  c l im a te  m igh t be  

an  im p o r ta n t f a c t o r .  H a f ta l in  and Howie (1949) 

had  r e p o r te d  th e  o cc u rren c e  o f  "nutmeg" l i v e r  w ith  

c e n t r i l o b u l a r  n e c r o s i s  p ro ceed in g  to  c e n t r a l  and 

p e r i p o r t a l  c i r r h o s i s  i n  su c k lin g  and w ean ling  

p ig s  r e a r e d  i n  a  c o ld  and damp en v iro n m en t.

U a f ta l in  (1951) was th u s  prom pted to  i n v e s t ig a te  

th e  e f f e c t  o f  en v iro n m en ta l te m p e ra tu re  on th e  

developm ent o f  a c u te  d i e t e t i c  n e c r o s is  in  r a t s .

He d e s c r ib e d  in  d e t a i l  th e  am ounts o f  food  In g e s te d  

b y  in d iv id u a l  r a t s ,  and he a l s o  s tu d ie d  th e  e f f e c t s  

o f  food  r e s t r i c t i o n  a t  th e  d i f f e r e n t  e n v i ro n m ^ ta l  

te m p e ra tu re s  w hich he u s e d . C o n tra ry  to  w hat m igh t 

have b een  e x p e c te d , i t  v/as found  t h a t  l i v e r  n ec ro o i|s  

co u ld  b e  p re v e n te d  b y  a  low en v iro n m en ta l tem p era­

t u r e  and t h a t  a  s u f f i c i e n t  d eg ree  o f  food  r e s t r i c t i |o n  

p re v e n te d  l i v e r  n e c r o s i s  a t  a l l  th e  en v iro n m en ta l 

te m p e ra tu re s  s tu d ie d .

T h is  p a r t i c u l a r  c o n d i t io n  o f  a c u te  m assive  

n e c r o s i s /



n e o r o e is  i n  r a t s  i^roduced b y  d i e t a r y  means lias b een  

I  th e  s u b je c t  o f  a  v e ry  cc m sid e ra b le  body o f  r e s e a r c h
I

( s e e  M imsworth, 1947, f o r  b ib lio g ra p h y ^  ^resum ably  

Itecau se  th e  o c n d i t lo n ,  b o th  i n  i t s  d i s t r i b u t i o n  o f  

l e s io n s  and in  i t s  h i s to lo g y ,  c lo s e ly  r e s m h le s  th e  

a c u te  l i v e r  a t r o p h ie s  o f  th e  human s u b je c t .  I t  i s  

n o t e w r th y ,  how ever, t h a t  a t t m ^ s  to  rep ro d u ce  th e  

c o n d i t io n  i n  d i f f e r e n t  l a b o r a to r i e s  liave m et w ith  

w id e ly  v a iy in g  d e g re e s  o f  su c c e s s  « (Himsworth and 

L in d an , 1949; Qyorgy s&g.., 1950; H a f t a l i n ,  1 9 ^ ;

2 ^0 , 1940} • Those a u th o rs  have p u t fo rw ard  a 

nuEÈier o f  a a g g e s t io n s  to  a cco u n t f o r  th e  d is c re p a n ­

c i e s  o b se rv e d .

I t  s liou ld  b e  r e c a l l e d  t h a t  Himsworth lia s  h lm selif 

p o in te d  o u t  t l i a t ,  a t  l e a s t  u n d e r  c o n d i t io n s  o f  

w e s te rn  c i v i l i s a t i c m ,  i t  i s  u n l ik e ly  t lm t  humans ar«  

e v e r  r e q u ir e d  to  s u b s i s t  on d i e t s  coznparable i n  

d e f ic ie n c y  to  tl io se  r e q u ir e d  f o r  th e  p r o m o tio n  o f  

e% )erim en ta l l i v e r  in ju r y  i n  a n im a ls , b u t  i t  i s  

i n t e r e s t i n g  to  n o te  t h a t  a  Swedish w orker (O bel Annsi- 

L is a ,  1953) h a s  d e s c r ib e d  a  n a t u r a l l y  o c c u rr in g  

d is e a s e  in  p ig s  wM ch she d e s ig n a te s  " h e p a to s is  

d i e t e t i c s "  and w hich a p p e a rs  to  b e  com parable b o th  

I i n  p a tlio g e n e a is  and in  a e t io lo g y  w ith  th e  e x p e rim e n ta l 

d is e a s e  d e s c r i b e  in  r a t s .  Qie was a b le  to  rep ro d u q e
I
jtlie d is e a s e  e x p e r im e n ta lly  b y  fe e d in g  s im i la r ly  

d e f i c i e n t  d i e t s .  However, i t  i s  p ro b a b ly  t r u e  to  

Isay t i i a t  " h e p a to s is  d i e t e t i c a " ,  a s  a  n a t u r a l l y  

o c c u r r in g  c o n d i t io n ,  r e p r e s e n ts  a  ccaapara tive



r a r i t y  even in  th e  l i v e r  d is e a s e s  o f  th e  dom estic 

a n im a ls .

I t  h a s ,  how ever, b een  re o o g n ise d  f o r  some tim e  

t h a t  d i e t a r y  f a c t o r s  p la y  an  im p o rta n t p a r t  in  

m od ify ing  h e p a t ic  n e c r o s i s  p roduced  b y  o th e r  a g e n ts  

A g r e a t  d e a l  o f  t h i s  work i s  concerned  w ith  th e  

e f f e c t  o f  d i e t a r y  f a c t o r s  on h e p a t ic  damage produce<p. 

by  p o is o n s . The e a r l i e r  o b s e rv a tio n s  d e a l t  m ain ly  

w ith  th e  e f f e c t  o f  c a ib o h y d ra te s  o r  f a t . I t  was 

shown t h a t  c a ib o h y d ra te - r ic h  fe e d in g  red u ced  th e  

s u s c e p t i b i l i t y  to  ch lo ro fo n n  p o is o n in g , w h ile  f a t  

r i c h  d i e t s  had  th e  o p p o s ite  e f f e c t .  (D avis and W hipple, 

1919; Opie and A lfo rd , 1 9 1 4 ). A c o r r e l a t io n  

betw een  r e s i s t a n c e  to  such p o iso n  and  a  h ig h  l i v e r  

g ly co g en  c o n te n t  was d em o n stra ted  b y  Graham (1 9 1 5 ). 

L a te r  i t  was shown t h a t  s u s c e p t i b i l i t y  to  c h lo ro fo rn  

i s  c lo s e ly  co n n ec ted  w ith  th e  s t a t e  o f  p r o te in  

m etabo lism  in  th e  b o d y , and  t h a t  th e  co m parative  

r e s i s t a n c e  to  c h lo ro fo n a  a n a e s th e s ia  o f  pups b o m  

o f  p r o te in - d e p le te d  b i t c h e s  was a s s o c ia te d  w ith  th e  

h ig h  su lp h u r  c o n te n t  o f  t h e i r  l i v e r s  r e l a t i v e  to  

t h a t  o f  t h e i r  dam s, (M il le r  and W hipp le , 1940 ) .

One e x trem e ly  i n t e r e s t i n g  f in d in g  i s  t h a t  th e  

su lp h u r  c o n ta in in g  am in o -a c id s  w hich c o n t r o l  su s ­

c e p t i b i l i t y  to  ch lo ro fo im  p o iso n in g  a r e  th e  same a s  

th o s e  w hich p r o te c t  r a t s  a g a in s t  e x p e rim e n ta l 

d i e t a r y  n e c r o s i s .  P o s s ib ly  one o f  th e  b e s t  examplejs 

o f  th e  e f f e c t  o f  d i e t  i n  m odify ing  th e  h e p a t ic  

l e s io n s  o f  ex p e rim e n ta l p o iso n in g  i s  in  th e  work o f 

M essinger and Hawkins (1940) who showed t h a t  a rsp h -  

enam ine/



r e a d i ly  cau sed  c e n t r i l o b u l a r  n e c r o s i s  in  an im als  

k e p t on p r o t e i n - d e f i c i e n t  d i e t s  w h ile  r e l a t i v e l y  

h ig h  d o ses  a r e  r e q u ir e d  to  produce even m inim al 

l e s io n s  i n  no im al a n im a ls .

W hile th e r e  i s  a  f a i r l y  e x te n s iv e  l i t e r a t u r e  

o f  e x p e rim e n ta l f in d in g s  d e a lin g  w ith  th e  im p o rt­

ance o f  d i e t  i n  m odify ing  h e p a t ic  damage due to  

p o is o n s , th e  s i t u a t i o n  i s  somewhat d i f f e r e n t  i n  

r e s p e c t  o f  th e  i n f e c t io u s  h e p a t i t i d e s .  T here i s  

p le n ty  o f  good c l i n i c a l  ev id en ce  to  p o in t  to  th e  

im p o rtan ce  o f  n u t r i t i o n ,  a lth o u g h  o n ly  two r e f e r ­

en ces w i l l  b e  c i t e d  h e r e . F in d la y  (1948) h a s  made 

a  s tu d y  o f  i n f e c t iv e  h e p a t i t i s  in  West A f r ic a .  

A lthough  th e  in c id e n c e  o f  th e  d is e a s e  was 2 to  4 

tim e s  a s  g r e a t  i n  w h ite  a s  compared w ith  c o lo u re d  

t r o o p s ,  th e  m o r ta l i ty  r a t e  in  th e  l a t t e r  was 15 

tim e s  a s  g r e a t  -  t h i s  d i f f e r e n c e  was r e l a t e d  to  th e  

n u t r i t i o n a l  l e v e l s  o f  th e  two g ro u p s . Fox e t  a l * 

(1942) d e s c r ib e d  an  o u tb re a k  o f  y e llo w  f e v e r  v acc in ^  

h e p a t i t i s  i n  B r a z i l  i n  w hich th e  m o r ta l i ty  r a t e  

from  m assive  h e p a t ic  n e c r o s i s  was 12 tim e s  h ig h e r  

i n  th e  l o c a l  p o p u la tio n  (p o o r ly  f e d )  th a n  in  th e  

w e l l - f e d  Am erican t r o o p s .  T here i s ,  how ever, 

c o m p a ra tiv e ly  l i t t l e  l i t e r a t u r e  on th e  e x p e rim e n ta l 

a s p e c ts  o f  th e  a s s o c i a t i o n .  WyHe (1946) showed 

t h a t  th e  a d m in s tra t io n  o f  a d d i t io n a l  m e th io n in e  

p roduced  a s t a t i s t i c a l l y  s i g n i f i c a n t  r e d u c t io n  

in  th e  in c id e n c e  o f  l i v e r  n e c r o s is  in  g u in e a -p ig s  

e x p e r im e n ta lly  in f e c te d  w ith  L e p to s p ira  i c t e r -



MacCalluci and M iles  (1946) d em o n stra ted  th e  

en iiancing  e f f e c t  o f  p r o te in  d e f i c i e n t  d i e t s  on a 

h e p a t i t i s  in  r a t s .  A ndersen and T u lin iu s  (1938) 

d e s c r ib e  a s im i la r  e f f e c t  on a  h e p a t i t i s  o c c u rr in g  

in  p i g s .  The p a u c i ty  o f  th e  l i t e r a t u r e  on t h i s  

a s p e c t  i s  a l l  th e  more s u r p r i s in g  when one co n s id e r |s  

th e  la rg e  amount o f  ex p e rim e n ta l ev id en ce  t h a t  lias 

accum ulated  w ith  r e f e r e n c e  to  (a )  th e  e f f e c t s  o f  

n u t r i t i o n  on o th e r  e x p e rim e n ta l i n f e c t i o n s ,  and (b ) 

th e  e f f e c t s  o f  n u t r i t i o n  on th e  developm ent o f  l i v e r  

d is e a s e  w hich h a s  b een  b r i e f l y  rev iew ed  above •

I t  was w ith  t h i s  b ack -g ro u n d  in  th e  l i t e r a t u r e  

t h a t  th e  work to  b e  d e s c r ib e d  i n  t h i s  t h e s i s  v^as 

undert£ iken . When th e  o p p o r tu n ity  a ro s e  f o r  th e  

s tu d y  o f  a  n a t u r a l l y  o c c u rr in g  d is e a s e  in  m ice , 

c h a r a c te r i s e d  a t  post-m ortem  b y  th e  ap p earan ce  o f  

an  a c u te  h e p a t ic  n e c r o s i s ,  i t  was f e l t  t h a t  an  

ex p e rim e n ta l i n v e s t ig a t io n  o f  th e  e f f e c t s  o f  d i e t  

and en v iro n m en ta l te m p e ra tu re  on th e  c o u rse  o f  th e  

d is e a s e  m igh t p ro v id e  v a lu a b le  in fo rm a tio n .

The t h e s i s  i s  th e r e f o r e  d iv id e d  in to  two main 

s e c t io n s ,  th e  f i r s t  o f  m iic h  d e a ls  w ith  th e  

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

s i b l e  f o r  th e  d is e a s e  i n  m ice , and th e  second p a r t  

w hich d e a ls  p a r t i c u l a r l y  w ith  th e  e f f e c t  o f  d i e t  

and en v iro n m e n ta l te m p e ra tu re  on th e  developm ent o t  

th e  d i s e a s e .
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A v a r i e ty  o f  a g e n ts ,  nam ely G y s t ic e r c i  

f o r m is ) ,  c o c c id ia ,  b a c t e r i a  and v i r u s e s ,  may invade 

th e  l i v e r  o f  th e  mouse and p roduce l o c a l  ch an g es .

Tlie fo llo w in g  re v ie w , how ever, w i l l  b e  r e s t r i c t e d  

to  th o s e  a g e n ts  w hich a r e  n o t  c u l t iv a b le  on o rd in a ry  

b a c t e r i o l o g i c a l  m ed ia .

L iv e r  l e s io n s  o f  unknown e t io lo g y  c h a r a c te r i s e d  

by  i n f i l t r a t i o n  and n e c r o s is  have b een  r e p o r te d  by  

O li ts k y  and C a sa ls  (1945) in  a  p e rc e n ta g e  o f  

su p p o sed ly  norm al m ice o f  d i f f e r e n t  s t r a i n s .

A l i v e r  d is e a s e  o f  p a r t i c u l a r  i n t e r e s t  was 

d e s c r ib e d  b y  T yzzer (1917) w hich o c c u rre d  a s  an 

epidem ic in  a  co lo n y  o f  Jap an ese  w a ltz in g  m ice , 

i n  w hich m ice th e r e  was a  h i ^  r a t e  o f  m o r t a l i t y .

The in c u b a tio n  p e r io d  v a r ie d  from  10 -  40 d a y s .

At post-m ortem  ex am in a tio n  th e  l e s io n s  were l im i te d  

to  th e  l i v e r  and w ere in  th e  fonn  o f  m u l t ip le  

t u b e r c l e - l i k e  n o d u le s .  A n o n - c u l t iv a b le  spo re  

fo rm ing  o igan ism  named B a c i l lu s  o i l i f o m i s  vfas 

r e g u la r ly  seen  in  h e p a t ic  c e l l s  a t  th e  m arg in s o f  t i e  

nec3?otic a r e a s .  The d is e a s e  was t r a n s m is s ib le  b y  

c o n ta c t ,  fe e d in g  and in tra v e n o u s  i n j e c t i o n ,  b u t  n o t 

by  i n t r a - p e r i t o n e a l  in o c u la t io n .  Coimon a lb in o  

m ice were l a r g e ly  r e s i s t a n t .  R ig h ts  e t  a l . (1947) 

en co u n te red  th e  same d is e a s e  in  a  B r i t i s h  s t r a i n  o f  

w h ite  m ic e . B . n l l i f o r m is  was found in  th e  l i v e r  

l e s i o n s ,  b u t  th e  d is e a s e  c o u ld  n o t  b e  t r a n s m i t te d  

t o /
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to  Sw iss m ice b y  f e e d in g  o r  I n t r a p e r i t o n e a l  

i n j e c t i o n . I n t r a c e r e b r a l  i n j e c t i o n  was fo llo w e d  by  

l o c a l  p r o l i f e r a t i o n  o f  B. p i l i f o r m i s  w liich gave 

r i s e  to  p a r a l y s i s  and d e a th .  The o rg an ism  was p ro ­

p a g a te d  in  en b ry o n a ted  eggs b u t  r a p id ly  became 

a v i r u l ^ t .  These a u th o rs  p o in te d  o u t t h a t  th e  

r e l a t i o n  o f  B. p i l i f o n o i s  t o  th e  d is e a s e  was n o t  

c l e a r l y  e s t a b l i s h e d .

A m erican l i t e r a t u r e  c o n ta in s  a  number o f  

r e p o r t s  d e a l in g  w ith  a g e n ts  p ro d u c in g  a s c i t e s  and 

h ep a to sp len o m eg a ly  i n  m ic e . P e r r in  (1943) drew  

a t t e n t i o n  to  th e  p re se n c d  in  h i s  m ice o f  a  p ro to z o a r  

s im i l a r  m o rp h o lo g ic a lly  to  t h a t  d e s c r ib e d  b y  

L e v a d i t i  g i  § 1 . (1923) and c l a s s i f i e d  i t  a s  

E n c e p h a lito z o o n . Jo rd a n  and M iric k  (1955) and 

Lackey e t  &1. (1953) were u n a b le  to  d em o n s tra te  

such  s t r u c t u r e s  i n  th e  t i s s u e s  o f  m ice e x p e rim en t­

a l l y  in f e c te d  w ith  th e  a g e n ts  th e y  i n v e s t i g a t e d .  

M o rris  e t  § 1 . (1956) have r e p o r te d  a  d is e a s e  lahich 

i s  e s s e n t i a l l y  s im i la r  i n  in c u b a t io n  p e r io d ,  low 

m o r t a l i t y ,  sp len o m o g aly , h e p a t ic  p a th o lo g y  and in  

i t s  r e s i s t a n c e  t o  h e a t  and to  a n t i b i o t i c s .  The 

d i s e a s e ,  how ever, i t  c o n s i s t e n t ly  a s s o c ia te d  w ith  tlfe  

p re se n c e  o f  i n t r a c e l l u l a r  p ro to z o a n - l ik e  s t r u c t u r e s  

w hich a r e  n o t  o f te n  num erous. M o rris  and h i s  co ­

w o rk ers  c o n s id e r  t h a t  th e s e  s t r u c t u r e s  may have beert 

o v e rlo o k e d  b y  th e  o th e r  a u th o rs  and t h a t  th e  d is e a s ^  

a r e  v e ry  s im i la r  i f  n o t  i d e n t i c a l . Tlie p ro to z o a n  

i s  c o n s id e re d  to  b e  d i f f e r e n t  from  any p re v io u s ly  

r e p o r te d  . Jo rd a n  and I t i r i c k  (1956) and M o rris  e t
1 -



ta k e  p a r t i c u l a r  c a re  to  ex c lu d e  Toxoplasma rrond ii 

w hich can  a ls o  p roduce  a s c i t e s  and h e p a t i t i s  i n  

m ic e . I t  i s  o f  p a r t i c u l a r  i n t e r e s t  t h a t  th e s e  fo u r  

r e p o r t s  o r ig in a t e  i n  l a b o r a t o r i e s  where e f f o r t s  werje 

b e in g  made to  t r a n s m i t  human h e p a t i t i s  v im s e s  to  

la b o r a to r y  a n im a ls . In  each  c a se  th e  d is e a s e  was 

en c o u n te red  when human m a te r ia l  was in o c u la te d  in to  

m ice wliich h ad  b een  p r e - t r e a t e d  w ith  d ru g s  o r  X -ray  

i r r a d i a t i o n  i n  an  a t te m p t to  make them  s u s c e p t ib le  

to  th e  human v i r u s e s .  None o f  th e  w o rk ers m entione|d 

make any  c la im  t h a t  th e  a g e n ts  th e y  d e s c r ib e  a r e  

r e l a t e d  to  th e  human d i s e a s e .

S in ce  1951 s e v e r a l  v i r u s e s  c a u s in g  h e p a t i t i s  

i n  m ice have b een  r e p o r te d ,  two o f  # i i c h  a r e  o f  

p a r t i c u l a r  i n t e r e s t .  A s e r i e s  o f  p a p e rs  h a s  

ap p e a red  r e l a t i n g  to  each v i m s .

The in f e c t io u s  a g e n t d e s c r ib e d  b y  G le d h i l l  

and Andrewes (1951) v/as o r i g i n a l l y  i s o l a t e d  b y  th « 4  

from  th e  P a rk es  (P ) s t r a i n  o f  m ic e , m a in ta in e d  b y  th e  

M ed ica l R esea rch  C o u n c il L a b o ra to r ie s  in  London.

Mice o f  t h i s  s t r a i n  a r e  r e l a t i v e l y  r e s i s t a n t .  The 

a g e n t was d e s ig n a te d  a s  MHV (Mouse H e p a t i t i s  V im s] 

S in ce  new ly weaned m ice o f  th e  VS s t r a i n  (W eb ster, 

1937) w ere shown to  b e  h ig h ly  s u s c e p t ib le  u n t i l  th ^ y  

a t t a i n e d  a  w e ig h t o f  14 g m ., th e y  w ere u se d  a s  an  

i n d i c a t o r  o f  th e  p re se n c e  o f  th e  a g e n t .  When such 

m ice w ere in f e c te d  w ith  m a te r i a l  from  n a t u r a l l y  

in f e c te d  P s t r a i n  m ic e , th e  m o r t a l i t y  was i n /



i n  th e  r e g io n  o f  100  p e r  c e n t .  I t  was o b se rv e d  

t h a t  t h e  d i s e a s e  c o u ld  b e  p re v e n te d  b y  t r e a tm e n t  w i"^  

au reom ycin  o r  te r ra z n y c in .

I n  a  l a t e r  r e p o r t  ( G le d h i l l  e t  a l . 1962) th e s e  

a u th o r s  fo u n d  t h a t  MHV c o u ld  b e  r e s o lv e d  in to  a  

s t a b l e  com ponent (S ) and  a  l a b i l e  one ( L ) .  B oth  

f a c t o r s  w ere t r a n s m is s ib l e  and f i l t e r a b l e  th ro u g h  

g ra d o c o l  m em branes. N e i th e r  f a c t o r  a lo n e  p ro d u ced  

e v id e n t  d i s e a s e  i n  VS m ice b u t  when com bined p r o ­

duced  f a t a l  h e p a t i t i s .  The (L) com ponent was 

s e n s i t i v e  t o  th e  above m en tio n ed  a n t i b i o t i c s  and 

was d e s tro y e d  b y  ex p o su re  t o  room te m p e ra tu re  f o r  

24 h o u r s ,  ^ i c e  o f  th e  VS s t r a i n  w ere p r o te c te d  i f  

t r e a t e d  w ith  th e  a n t i b i o t i c  on th e  same day b u t  n o t  

i f  t h i s  was i n j e c t e d  24 h o u rs  b e f o r e  th e  v i r u s .  In  

a n o th e r  com m unication  (N iven  e t  a l . 1962) th e  (L) 

com ponent o f  MHV w hich h ad  b e e n  t h o u ^ t  t o  b e  a  

v i r u s  \m s  i d e n t i f i e d  a s  E p e rv th ro z o o n  c o c c o id e s .

MHVl i s  now u s e d  to  r e f e r  to  th e  (8 )  com ponent.

N elso n  (1952) d e s c r ib e d  h e p a t i t i s  a s s o c ia te d  

w ith  a  n a t u r a l l y  o c c u r r in g  and  t r a n s m is s ib l e  mouse 

le u k a e m ia . A f t e r  s e v e r a l  p a s s a g e s  a t  s h o r t  i n t e r ­

v a l s  i n  w ea n lin g  m ice o f  th e  P r in c e to n  s t r a i n  i t  

\m s p o s s ib le  t o  s e p a r a te  th e  a g e n t  p ro d u c in g  h e p a ­

t i t i s .  M arked d i f f e r e n c e s  in  s u s c e p t i b i l i t y  w ere 

shown b e tw een  m ice o f  d i f f e r e n t  s t r a i n s ,  esqzerliaent 

a l  t r a n s m is s io n  g iv in g  r i s e  t o  a  m o r t a l i t y  o f  98 

p e r  c e n t  i n  P r in c e to n  w e a n lin g s  and 4  p e r  c e n t  in  

Sw iss m ic e . /



He com pared th e  d is e a s e  w ith  t h a t  cau sed  b y  

i l e d h i l l ’ s  MÎV and sliowed c e r t a i n  d i f f e r e n c e s  

betw een th e  tw o . The d is e a s e  was n o t  p re v e n te d  b y  

p r i o r  i n j e c t i o n  o f  te r ra m y c ln  and th e  v i r u s  was 

r e s i s t a n t  to  ex posu re  to  room te m p e ra tu re  f o r  a  

p e r io d  o f  24 h o u r s .  B p e ry th ro z oon was n o t  demon­

s t r a t e d  i n  th e  b lo o d  o f  P r in c e to n  m ice in f e c te d  tv ith  

t h i s  v i r u s .  The developm ent o f  E perv th rozoon  in  

mice in f e c te d  w ith  b o th  a g e n ts  had  no e f f e c t  on th e  

outcome o f  th e  d is e a s e  i n  P r in c e to n  m ice b u t  i n  th e  

r e l a t i v e l y  in s u s c e p t ib le  Sw iss m ice th e  d is e a s e  was 

m arkedly  enhanced b y  com bined i n f e c t io n  w ith  

E pery th rozogg i.

More r e c e n t ly  D ick e t  a l ■ (1956) have r e p o r te d  

a  v i r u s  c a u s in g  h e p a t i t i s  i n  m ice w hich was re c o v e r ­

ed from  m ice w hich had  b een  in o c u la te d  w ith  serum 

from  a  human c a se  o f  h e p a t i t i s  fo llo w ed  b y  th e  

i n j e c t i o n  o f  h y p e r to n ic  g lu c o se  s o lu t io n .  The v i iu a  

i s  r e f e r r e d  t o  a s  MW3 and i s  u n r e la te d  to  t h a t  o f  

human h e p a t i t i s .  The v i r u s  i s  in  many ways s im i la r  

to  m v i  b u t  d i f f e r s  i n  i t s  g r e a t e r  v iru le n c e  f o r

w ean ling  m ic e .

The r e l a t i o n s h i p  betw een  th e  v i r u s e s  h a s  been  

th e  s u b je c t  o f  s e v e r a l  p a p e rs  and i t  a p p e a rs  t h a t  

th e y  may b e  g rouped  to g e th e r  on acco u n t o f  many 

common p r o p e r t i e s  amoz% w hich i s  th e  f a c t  t i i a t  th e y  

p roduce  q u a l i t a t i v e l y  s im i la r  h i s t o l o g i c a l  l e s io n s  

and t h a t  th e y  a re  b o th  h e p a to tro p ic  and p o t e n t i a l l y  

n e u r o t r o p ic . The fo llo w in g  n o m en c la tu re  h a s  been  

su g g ested ./
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su g g e s ted  f o r  th e  v i r u s e s  n o te d  above i 

G le d h i l l  *s v i r u s  12KV1

N e lso n ’ s v i r u s  11ÎV2

D ick * 3 v i r u s  MHV2

In  a d d i t io n  to  th e  a g e n ts  d e a l t  w ith  above , 

S ta n le y  e t  a l . (1953) have d e s c r ib e d  a  v i r u s  p ro ­

ducing  h e p a t i t i s  w ith  ja u n d ic e  in  su c k lin g  m ice 

Y/hich can  b e  c u l t i v a t e d  on ti ie  c h o r io a l l a n t o i s  o f  

th e  c h ic k  w ith  th e  p ro d u c tio n  o f  m acroscop ic  

l e s i o n s .

I t  i s  w orthy  o f  m en tion  t h a t  lym phocy tic  

c h o r io -m e n in g i t is  v i r u s ,  w hich i s  u sa ia lly  c o n s id e re d  

a s  a  n e u ro tro p ic  a g e n t ,  i s  known to  in c lu d e  s t r a i n s  

w hich a r e  v is c e r o t r o p ic  and may g iv e  r i s e  t o  l i v e r  

l e s io n s  (T rau b , 1 9 3 6 ).

ECTmmLiA

T h is  d is e a s e  a l s o  i s  a s s o c ia te d  w ith  a c u te  

-n ec ro sis  o f  th e  l i v e r  in  a  p ro p o r t io n  o f  an im als  

a f f e c t e d .  I t  vzas f i r s t  d e s c r ib e d  b y  I% rch a l (1930) 

who gave a  v e iy  com plete  acco u n t o f  th e  c l i n i c a l  s i ^ s  

and th e  post-m ortem  p i c t u r e .  S ince h e r  o r i g i n a l  

p a p e r  th e  d is e a s e  h a s  b een  th e  s u b je c t  o f  a  c o n s id e r ­

a b le  amount o f  r e s e a r c h  which h a s  r e c e n t ly  been  

rev iew ed  by  T u ffe ry  (1 9 5 6 ). The c lo s e  r e l a t io n s h i p

o f  e c tro m e lia  v i r u s  to  v a c c in ia  v i r u s  shown by  

B u m e t & Boake (1 9 4 6 ). S ince  t lm t  tim e  ’mouse pox*

h a s  been  u se d  a s  a  model o f  th e  a c u te  exanthem ata

p r i n c i p a l l y /

12



13

p r i n c i p a l l y  by  F en n er (1949) #10  h a s  s tu d ie d  th e  

p a th o g e n e s is  o f  th e  d is e a s e  in  ra res t d e t a i l .

De Burgh (1950) and H o ssa l and de B u i ^  (1953 and 

1954) have a l s o  found  i t  u se fU l in  s tu d y in g  v i r u s  

m u l t i p l i c a t i o n  in  an im al t i s s u e  and th e  cy tochem ica^  

changes o c c u rr in g  d u r in g  in f e c t io n .

S e v e ra l  a u th o rs  have n o te d  t h a t  i n  th e  i n i t i a l  

s ta g e s  o f  o u tb re a k s  s k in  l e s io n s  w ere n o t  a  n o ta b le  

f e a t u r e  (M eln ick  and  G a y lo rd , 1953; T r e n t in , 1 9 5 3 ). 

I t  i s  a ls o  o f  i n t e r e s t  t h a t  T re n t in  commented t h a t  

th e  t y p i c a l  in c lu s io n  b o d ie s  f i r s t  d e s c r ib e d  b y  

l la rc h a l  a r e  b y  no means a s  num erous in  mouse 

t i s s u e s  a s  th e  l i t e r a t u r e  would s u g g e s t .  G le d h i l l  

(1951) i n  d is c u s s in g  th e  d i f f e r e n t i a l  f e a tu r e s  o f  

MHV p o in ts  o u t t h a t  e c tro m e lia  p ro d u ces  l i v e r  

l e s io n s  h av in g  a  v e ry  c lo s e  resem blance  to  th o s e  

b ro u g h t a b o u t b y  MHV.

In  v iew  o f  th e  p o t e n t i a l l y  n e u ro tr c p lc  

c h a r a c te r  o f  th e  MHV g roup  o f  v i r u s e s  i t  i s  a ls o  

p e r t i n e n t  t h a t  D a l ld o r f  and G if fo r d  (1 9 5 5 ), w orking 

i n  A m erica, d e s c r ib e d  th e  i d e n t i f i c a t i o n  o f  two 

a g e n ts  a s  e c tro m e lia  v i r u s  w hich had  b een  s e n t  to  

them  a s  n e u ro tro p ic  v i r u s e s  o f  human o r i g i n .



SUimEY 0? MAIN FTAWmB

A ll  o f  th e  a g e n ts  d e a l t  w ith  i n  th e  p re c e d in g  

sho rt, re v ie w  o f  th e  l i t e r a t u r e  have b een  shown to  

b e  p o t e n t i a l l y  n e u ro tro p ic  a s  w e ll  a s  h e p a t r o p ic ,  

and  n o t  c u l t i v a b le  on a r t i f i c i a l  m ed ia .

T y z z e r '6 d is e a s e  and th e  d is e a s e s  c o n s id e re d  

b y  M o rris  e t  a l . t o  b e  due to  a  p ro to z o a n  would 

a p p e a r  to  have a  r a t h e r  le n g th y  in c u b a t io n  p e r io d  

com pared w ith  th e  o th e r  v i r u s  d is e a s e s  d e s c r ib e d ,  

w ith  th e  p o s s ib le  e x c e p tio n  o f  LCM.

The VHV g ro u p  o f  v i r u s e s  have one f e a tu r e  in  

common, nam ely , t h e i r  i n a b i l i t y  to  grow in  em biyo- 

n a te d  e g g s .

W ith th e  e x c e p tio n  o f  LCM v i r u s  a l l  th e  ag e n ts  

have b ee n  shown to  have a  v e iy  narrow  h o s t  ran g e  

and m ost o f  them  can  i n  f a c t  p roduce d is e a s e  o n ly  

i n  m ic e .
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QH33GIN OF THE VIRUS 

In  th e  l a t t e r  p a r t  o f  1953 an o u tb re a k  o f  

d is e a s e  o c c u rre d  among m ice k e p t i n  th e  Zoology 

D epartm ent o f  th e  U n iv e r s i ty  o f  G lasgow . F our m ice 

w hich d ie d  d u rin g  t h i s  o u tb re a k  w ere su b m itte d  to  

th e  D epartm ent o f  V e te r in a ry  P a th o lo g y  f o r  p o s t ­

mortem ex am in a tio n  ( r e f .  No. 22887A ). The m ain 

l e s io n s  a t  post-m ortem  were in  th e  l i v e r .  In  two 

o f  th e  m ice th e  l i v e r  was v e ry  p a le  and c l a y - l i k e  

b u t  i n  th e  o th e r  two an im a ls  th e  o rg an  was e n la rg e d  

and 3ho\^d  l o b u la r  m o tt l in g  due to  numerous p in ­

p o in t  h aem o rrh ag es. T here w ere no s i g n i f i c a n t  

b a c t e r i o l o g i c a l  f in d in g s .  H is to lo g ic a l  exam ination  

re v e a le d  an a c u te  h e p a t ic  n e c r o s i s  o f  r a t h e r  i r ­

r e g u la r  d i s t r i b u t i o n  te n d in g  to  b e  z o n a l i n  ty p e  

b u t  o f  such exLŒit a s  to  m e r i t  th e  d e s c r ip t io n  

m a ss iv e . One o f  th e  sp le e n  s e c t io n s  examined 

showed a  few f o c a l  n e c ro s e s .  No o b v io u s changes 

were n o te d  in  s e c t io n s  o f  h e a r t  m u sc le , lu n g , 

p a n c re a s , sm a ll i n t e s t i n e  and k id n e y .

On th e  b a s i s  o f  th e s e  f in d in g s  th e  d is e a s e  

\m s  t e n t a t i v e l y  d iag n o sed  a s  e c tro m e lia  and r e -  

p o i te d  a s  su c h .

F u r th e r  ex am in a tio n  o f  th e  s e c t io n s ,  how ever,

I f a i l e d  to  r e v e a l  th e  p re se n c e  o f  th e  t y p i c a l  c y to ­

p lasm ic  in c lu s io n s  (i.la rch a l: 1 9 3 0 ), and i t  v/as f e l t  

t l i a t  th e  d is e a s e  m e r ite d  f u r t h e r  in v e s t ig a t io n ,  

p a r t i c u l a r l y  i n  view  o f  th e  num erous p u b lis h e d  

a t te m p ts  to  t r a n s m it  th e  v i r u s  ( e s )  o f  hinnan h ep a­

t i t i s  to  m ice .
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I s o l a t i o n  acconanodation was n o t  a v a i la b le  a t  

t h i s  t im e , b u t  p ie c e s  o f  l i v e r ,  sp le e n  and lung  

w ere s to r e d  i n  a  d e e p - f re e z e  c a b in e t  a t  -2 0 °C . 

u n t i l  such tim e  a s  i t  was p o s s ib le  to  c a n y  o u t 

t r a n s m is s io n  e x p e rim e n ts -  In  a d d i t io n  a  f u r t h e r  

f o u r  l i v e  m ice ( r e f , Ho- 2 3 0 0 3 ), w h id i h ad  b een  in  

c o n ta c t  w ith  th o s e  p r e v io u s ly  exam ined, were o b ta in ­

ed from  th e  Zoology D epartm ent and th e s e  were 

s a c r i f i c e d  and p o r t io n s  o f  l i v e r  and s p le e n  c o l l e c t '  

ed w ith  s t e r i l e  p r e c a u t io n s  and s to r e d  i n  th e  same 

m anner- Ho g r o s s  l e s io n s  w ere n o te d  i n  t h i s  l a t t e r  

g ro u p .

T ra n sm iss io n  ex p e rim en ts  w ere n o t  c a r r i e d  o u t 

u n t i l  i s o l a t i o n  accom m odation became a v a i l a b le  some 

te n  weeks l a t e r .
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IDENTIFICATION OF THE VIRUS 

M a te r ia l  and M ethods

M ice: -  Vdiite Sw iss m ice w ere u se d  th ro u g h o u t th e  

e x p e r im e n ts . These m ice w ere from  two c o lo n ie s .

One o f  th e s e  had  b ee n  m a in ta in e d  a t  th e  D epartm ent 

o f  V e te r in a ry  P a th o lo g y , U n iv e r s i ty  o f  G lasgow , 

o v e r  a  p e r io d  o f  t h r e e  y e a r s  im m ed ia te ly  p re c e d in g  

t h e i r  u s e ,  w ith o u t s e r io u s  i n t e r c u r r e n t  d i s e a s e .

Most o f  th e  e a r l i e r  e x p e rim en ts  w ere c a r r i e d  o u t 

w ith  t h i s  s t r a i n .  The o th e r  s t r a i n  u se d  v/as o r ig in -  

a l l y  o b ta in e d  from  an  a c c r e d i te d  b r e e d e r  and had  

been  m a in ta in e d  w ith o u t s e r io u s  lo s s e s  a t  th e  

D epartm ent o f  V e te r in a ry  P a th o lo g y , U n iv e r s i ty  o f  

L iv e rp o o l ,  f o r  a  p e r io d  o f  a t  l e a s t  a  y e a r  p r i o r  to  

t h e i r  u s e  i n  th e  ex p e rim en ts  to  b e  d e s c r ib e d .  So 

f a r  a s  p o s s i b le ,  m ice w eigh ing  16 to  20 gm s. were 

u sed  a n d , on th o s e  o c c a s io n s  vdien i t  was n e c e s s a ry  tja 

use  o ld e r  m ice f o r  t i t r a t i o n  o f  i n f e c t i v i t y ,  c a re  

was ta k e n  to  en su re  an  e q u a l d i s t r i b u t i o n  o f  th e s e  

l a r g e r  m ice i n  th e  e x p e rim e n ta l g ro u p s .

D i e t : -  "H ow ett" cubes (D ie t 4 1 ) w ere f e d  ad  l i b .

w ith o u t iU r th e r  su p p lem en t. The w a te r  b o t t l e s  and 

fo o d  c o n ta in e r s  w ere c o n t in o u s ly  r e p le n is h e d .  

Inoculum : -  M a te r ia l  to  b e  u se d  f o r  p re p a r in g  in o c u lk

17

was c o l l e c te d  w ith  s t e r i l e  p re c a u t io n s  from  m oribund 

n ic e .  O nly i n  th e  i n i t i a l  p a ssag e  was m a te r ia l  

ta k en  from  dead  m ic e . A l l  in o c u la  were p r e p a re d /

34 S c h o f ie ld ,  The M ousery, D elph , N ear Oldham, Lands



p re p a re d  w ith  s t e r i l e  p re c a u t io n s  u n d e r  an  in o c u ­

l a t i n g  hood .

S t e r i l i t y  t e s t s  were c a r r i e d  o u t u s in g  0 .1  m l. 

o f  th e  p re p a re d  su sp e n s io n  i n  McCartney b o t t l e s  

c o n ta in in g  g lu c o se  b r o th .  The c u l tu r e s  were in c u ­

b a te d  a e r o b ic a l ly  and a n a e r o b ic a l ly  a t  37®C. and 

th e  r e s u l t s  r e a d  a f t e r  two d a y s . I f ,  a f t e r  in c u ­

b a t io n ,  th e r e  was any doub t a s  to  th e  p re sen ce  o f  

c lo u d in e s s  in  th e  m edia th e  su sp e c te d  c u l tu r e  was 

s u b - c u l t iv a te d  on b lo o d  a g a r  p l a t e s .

E x t r a c t s  o f  l i v e r  o r  l i v e r  and sp le e n  were 

p re p a re d  b y  g r in d in g  w ith  s t e r i l e  sand  in  a  m o r ta r .  

The t i s s u e  v/as suspended  i n  10 p e r  c e n t  serum b r o th  

so a s  to  form  a 10 p e r  c e n t  (w /v) su sp e n s io n . An 

av e rag e  o f  6 .0  m l. o f  th e  d i lu e n t  v/as r e q u ir e d  f o r  

th e  p o o led  l i v e r  and sp le e n  o f  one m ouse. The su s ­

p en s io n  th u s  form ed was l i g h t l y  c e n tr i fu g e d  so a s  to  

d e p o s i t  g ro s s  p a r t i c l e s  and th e  su p e rn a ta n t f l u i d  

was c o l l e c t e d .  Even v /ith  th e  p re c a u t io n s  m a itio n e d  

above b a c t e r i a l  c o n ta m in a tio n  was o f te n  en co u n te red  

and e a r ly  i n  th e  work th e  e f f e c t  o f  p e n i c i l l i n  and 

s tre p to m y c in  on th e  a c t i v i t y  o f  th e  a g e n t v/as in v e s t  

i g a te d .  A f te r  th e s e  v/ere shown to  b e  w ith o u t e f f e c t  

a n t i b i o t i c s  were added to  a l l  in o c u la  so a s  to  g iv e  

a f i n a l  c o n c e n tr a t io n  o f z -

2000 u n i t s /M . ,  o f  C r y s ta l l i n e  P e n i c i l l i n
2 0 0 ^ g /m l .  o f  D ihydro s tre p to m y c in  su lp h a te

The t r e a t e d  m a te r ia l  p re p a re d  in  t h i s  way i s  r e f e r r e d

to  th ro u g h o u t a s  th e  s ta n d a rd  10-1  d i l u t i o n .  A ll

o th e r  d i l u t i o n s  v/ere p re p a re d  from  t h i s  u s in g  10 p e i 
c e n t  h o rse  serum b r o th  a s  d i l u e n t .
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In  th e  e a r ly  ex p e rim en ts  in o c u la t io n  \m s  n o t  

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

were a v a i l a b l e , th e  s ta n d a rd  su sp e n s io n  b e in g  k e p t 

a f t e r  p r e p a r a t io n  i n  th e  deep f r e e z e  a t  -20^C- 

However, w ith  th e  u se  o f  a n t i b i o t i c s  a t  th e  concen­

t r a t i o n s  s t a t e d ,  b a c t e r i a l  c o n ta m in a tio n  c e a se d  to  

be a  problem  and a lth o u g h  s t e r i l i t y  t e s t s  were s t i l l  

r o u t in e ly  c a r r i e d  o u t ,  th e  m a te r ia l  was u sed  a f t e r  

i t  had b een  a llo w ed  to  s ta n d  f o r  1 h o u r fo llo w in g  

th e  a d d i t io n  o f  a n t i b i o t i c . E xcept where o th e rw ise  

s t a t e d ,  a l l  in o c u la t io n s  c o n s is te d  o f  0 .1  m l. 

am ounts o f  th e  s ta n d a rd  su sp e n s io n  and were c a r r i e d  

o u t b y  i n t r a p e r i t o n e a l  in je c t ic m  u s in g  th e  tu b e r ­

c u l in  ty p e  o f  a l l - g l a s s  s y r in g e .
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F i r s t  a t te m p ts  a t  t r a n s m is s io n

An e x t r a c t  t o s  p re p a re d  o f  iriouse l i v e r  23003 

in  th e  m anner d e s c r ib e d  ab o v e . 0 ,2 5  m l, o f  t h i s  

m a te r ia l  v/as I n je c te d  in t r a p e r i t o n e a l l y  in to  each odf 

f iv e  m ice • These m ice showed no s ig n s  o f  i l l n e s s  

and were s a c r i f i c e d  te n  days a f t e r  in o c u la t io n .

G ro ss l e s io n s  were n o t  o b se rv ed  a t  nost-m ortem  

e x a m in a tio n .

E x tr a c t s  o f  l i v e r  and sp le e n  o f  th e  th r e e  dead 

m ice ( r e f  .22887A) w hich had  b een  s to r e d  in  th e  deep 

f r e e z e  c a b in e t  w ere p re p a re d . One o f  th e s e  proved  

to  be  b a c t e r i o l o g i c a l l y  s t e r i l e  and t h i s  e x t r a c t  

was i n j e c t e d  in  0 .2 5  m l, q u a n t i t i e s  i n t r a p e r i t o n ­

e a l ly  in to  a g roup  o f  t e n  m ice .

Seven days a f t e r  in o c u la t io n  two o f  th e s e  m ice 

were m oribund and th e s e  w ere s a c r i f i c e d  to  y i e ld  

m a te r ia l  f o r  i n j e c t i o n  in to  a  f u r t h e r  g roup  o f  f iv e  

m ic e . The r e s u l t s  o f  th e  f i r s t  f i v e  p assag e s  

c a r r i e d  o u t in  t h i s  way a r e  sum m arised in  th e  

fo llo w in g  t a b l e .

F ig u re  1 ,

P assage
Ho.

Ho, o f  m ice 
i n j e c t e d

No .m oribund 
o r  dead

Days to  d ea th  
o r  k i l l i n g

1 10 2 7

2 5 2 7 - 8

3 5 1 7

4 5 2 6

5 5 4 6 — 9



In  a l l  th e  m ice w hich d ie d  o r  were k i l l e d  

g r o s s  l i v e r  l e s io n s  were p r e s e n t .  These a r e  d e ­

s c r ib e d  in  d e t a i l  on poge 23.

In  a d d i t io n  to  th e  above , a  sm a ll s e r i e s  o f  

c o n t r o l  ex p e rim en ts  was c a r r i e d  o u t .  L iv e r - s p le e n  

su sp e n s io n s  o f  a p p a re n t ly  n o n n a l s to c k  m ice were 

p re p a re d . Two m ice w ere in o c u la te d  w ith  t h i s  

m a te r ia l -  One o f  th e  m ice was s a c r i f i c e d  seven  day: 

a f t e r  in o c u la t io n ,  th e  o th e r  b e in g  l e f t  f o r  o b s e r ­

v a t io n .  A l i v e r - s p l e e n  e x t r a c t  o f  th e  k i l l e d  mouse 

was i n j e c t e d  in to  a  fU r th e r  two m ice and th e  same 

p ro ced u re  r e p e a te d .  F iv e  p a s sa g e s  i n  t h i s  way 

f a i l e d  to  r e v e a l  th e  p re se n c e  o f  l e s io n s  and no 

d e a th s  o c c u rre d -

The s u rv iv in g  m ice in  b o th  in f e c te d  euid c o n tro l  

g ro u p s  were k e p t u n d e r  o b s e rv a tio n  f o r  a  p e r io d  o f  

one m onth. In  t h i s  f i r s t  s e r i e s  no d e a th s  o c c u rre d  

a f t e r  th e  t e n th  day fo llo w in g  i n f e c t i o n .

Some d i f f i c u l t y  i n  o b ta in in g  b a c t e i i o l o g i c a l l y  

s t e r i l e  su sp e n s io n s  was ex p e rie n c e d  in  t h i s  f i r s t  

s e r i e s .

T i t r a t i o n  o f  I n f e c t l v l t y

A s i c k le  t i t r a t i o n  o f  i n f e c t i v i t y  was c a r r i e d  

o u t u s in g  g ro u p s  o f  f iv e  m ice w ith  r e s u l t s  t h a t  a r e  

shown in  F ig u re  2 (page 22)* The s t a r t i n g  m a te r ia l  

was from  one o f  th e  k i l l e d  m ice from  th e  f i f t h  

mouse p a ssa g e  shown in  F ig u re  1 (page 2 0 ) .

The volume o f  inoculum  was n o t  c o n s id e re d  in  

e x p re s s in g  th e  d i l u t i o n  v a lu e .
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F le u r e  2 .
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F ig u re  2 shows r e s u l t s  o f  th e  f i r s t  t i t r a t i o n  
o f  I n f e o t i v i t y  and th e  m ethod o f  c a lc u l a t i n g  th e  
cu m u la tiv e  m o x t a l i t i e s .
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F ig u re  3 shows g rap h  o f  th e  cm n u la tiv e  
m o r t a l i t i e s  and s u r v iv a l s  ( o r d in a te s )  a t  d i f f e r e n t  
l o g .  d i l u t i o n s  o f  v i r u s  ( a b s c i s s a e ) • The l i n e s  
i n t e r s e c t  a t  th e  50 p e r  c e n t ,  l e t h a l  dose end p o in t  
( a f t e r  H eed-lleunch, 1 9 3 8 ) . T h is  i s  b a s e d  on th e  
r e s u l t s  i n  F ig u re  2 .



The e x p e rim e n ta l a i s e a a e  i n  m loe

C l in i c a l  s lim s  i n  a f f e c t e d  m ic e . I n f e c te d  

m ice u s u a l ly  a p p e a red  in  good h e a l th  u n t i l  a  few 

h o u rs  o r  a  day b e f o r e  d e a th ,  when t h e i r  fU r became 

r u f f l e d  and a  few  ^ o w e d  a  r a t h e r  p u f fy  ap p earan ce  

o f  th e  f a c e .  T rem bling  o f  th e  e x t r e m i t i e s  i s  th e n  

som etim es s e e n . O th e r  m ice may b e  found  p rone w ith  

t h e i r  h in d  le g s  ex ten d ed  s h o r t ly  b e fo re  d e a th  an d , 

sh o u ld  th e y  b e  tw i r l e d  b y  th e  t a i l ,  th e y  may go In to  

a  to n ic  spasm . T here i s  u s u a l ly  a  l o s s  o f  v /e ig h t, 

am ounting som etim es to  s e v e r a l  grammes; th e r e  i s  no 

ev id en ce  o f  d ia n h o e a  and no s ig n s  o f  ja u n d ic e  

a lth o u g h  some m ice may show s ta in in g  o f  th e  p e r in e a l  

re g io n  w ith  d e e p ly  c o lo u re d  u r i n e .  The in c u b a tio n  

p e r io d  v a r i e s  i n  d u r a t io n  b u t  fo llo w in g  i n t r a -  

p e r i t o n e a l  i n j e c t i o n  i t  i s  u s u a l ly  from  s ix  t o  te n  

days and a p p e a rs  to  b e  r e l a t e d  to  th e  s i z e  o f  th e  

in f e c t in g  d o se , i . e .  s h o r t e r  w ith  h ig h e r  d o s e s .

Changes o b se rv e d  a t  p o s t -m ort cm ex am in a tio n  »

A t n e c ro p sy  some m ice show a  s l i g h t  e x c e ss  o f  p e r i ­

to n e a l  f l u i d  bub th e  o n ly  c o n s ta n t  p a th o lo g ic a l  

changes w ere found  in  th e  l i v e r .  T h is  o rg an  i s  

u s u a l ly  sw o lle n , th e  c o lo u r  v a ry in g  from  l i g h t  p in k  

to  y e l lo w is h  w h ite  and m o tt le d  f ^ m  p e te c h ia l  

h aem o rrh ag es . T h is  ap p ea ran ce  i s  q u i te  u n ifo itn  

th ro u g h o u t th e  l i v e r  ( s e e  F ig u re  4 ,  page 2 4 ) .  The 

sp le e n  i s  u s u a l ly  deep re d  and may b e  e n la rg e d  w ith  

som etim es, p a le  f o c a l  m ark ings on th e  c a p s u le .  The 

k id n e y s  a r e  som etim es p a le  and  sw o lle n .
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F ig u re  4  allows th e  t y p i c a l  a p p e a ra n c e  a t  
n e c ro p g y  w ith  th e  l i v e r  sw o lle n  and u n if o n n ly  
m o tt le d  due t o  p e t e c h i a l  haem orrhages*

F ig u re  5 shows th e  g r o s s  a p p e a ra n c e  o f  th e  
o n ly  mouse i n  th e  p r e s e n t  s e r i e s  w hich  d e v e lo p ed  
a  g e n e r a l i s e d  e^en them a.

I  i



The p ro x im al p a r t  o f  th e  l a r g e  i n t e s t i n e  i s  o f te n  

d e e p ly  c o n g e s te d . In  th e  i n i t i a l  s e r i e s  o f  e x p e r i ­

m ents no g ro s s  changes were o b se rv e d  in  ap p aren tly - 

re c o v e re d  m ice s a c r i f i c e d  a t  v a ry in g  i n t e r v a l s  from
!

I  th e  f o u r te e n th  t o  th e  - t h i r t i e t h  day fo llo w in g  i n -  

, f  e c t i o n .

H is to lo g ic a l  c h a n g e s . Tlxese w i l l  n o t  b e  

r e f e r r e d  to  in  d e t a i l  a t  t h i s  p o in t  b u t  a r e  de­

s c r ib e d  l a t e r  i n  th e  t e x t  ( P a r t  I I ) .  I t  i s  w orthy  

o f  m en tion  hez*e t h a t  ex am in a tio n  o f  s e c t io n s  o f  

k id n e y , p a n c re a s ,  i n t e s t i n e  and b la d d e r  f a i l e d  to  

show th e  p re se n c e  o f  cy to p la sm ic  in c lu s io n s  such  a s  

a r e  d e s c r ib e d  in  i n f e c t io u s  e c tro m e lia  (M archai ,193C| ) 

In  o th e r  r e s p e c t s  "the l e s io n s  a r e  s i m i l a r ,  "the 

changes in  th e  l i v e r  b e in g  e s s e n t i a l l y  th o s e  o f  an  

a c u te  parenchym al n e c r o s i s .  The s p le n ic  l e s io n s  

a r e  somewhat v a r ia b le  b u t  th e r e  i s  u s u a l ly  an  a p p a r­

e n t  d e c re a se  i n  "the p ro p o r t io n  o f  lym phocytes and thje 

e n d o th e l i a l  c e l l s  a p p e a r  more p ro m in e n t. O ccasio n - 

ja l ly  th e  l a t t e r  a r e  th e  s e a t  o f  n e c r o s i s ,  w hich 

jv a r ie s  v e ry  l a r g e ly  i n  e x te n t  from  one mouse to  

a n o th e r .  In  a  v e ry  few  an im a ls  la r g e  w edge-shaped 

a r e a s  o f  s p le e n  a r e  co m p le te ly  n e c ro s e d  and  i^ sem b le  

j i n f a r o t s .

E a r ly  in  th e  work p a r t i c u l a r  c a re  was ta k e n  to  

jexclude th e  p o s s i b i l i t y  o f  B a c i l lu s  p i l i f o n n i s  

d e s p i te  th e  more c h ro n ic  n a tu r e  o f  -the d is e a s e  

d e s c r ib e d  b y  ï ’y x z e r  (1 9 1 7 ). Giem sa s ta in e d  s e c t io n s  

and /
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and sm ears were exam ined from  r e p r e s e n ta t iv e  

m a te r ia l  i n  a l l  o f  th e  f i r s t  s e r i e s  o f  p a s s a g e s . 

Com parison sm ears o f  th e  o rgan ism  were a v a i la b le  

on v/hich th e  o rg an ism s were h ig h ly  d i s t i n c t i v e  and 

i t  was n e v e r  o b se rv ed  in  sm ears o r  s e c t io n s  o f  l iv e i js  

from  m ice in f e c te d  w ith  th e  a g e n t u n d e r  i n v e s t i g a t i o n .

In  view  o f  th e  a s s o c ia t io n  o f  E p erv th ro zo o n  

c o c c o id e e  w ith  MHV a  s e a rc h  was made f o r  t h i s

o rgan ism  in  f i lm s  o f  p e r ip h e r a l  b lo o d . The d e t a i l s  

o f  th e s e  ex a m in a tio n s  a r e  g iv e n  l a t e r  ( P a r t  I I ) .

A n o te  on th e  o c c u rre n c e  o f  l e s io n s  o f  th e  sk in  

F enner (1948) lia s  p o in te d  o u t t h a t  c u ta n eo u s  l e s io n s  

may n o t  b e  o b se rv e d  in  th e  a c u te  r a p id ly  f a t a l  form  

o f  e c t r o m e l ia .  The p rim a ry  s k in  l e s io n  w ith  s w e llin g  

and oedema was o f te n  seen  on th e  f a c e  i n  th e  p r e s e n t  

e x p e rim e n ts . S econdary  s k in  l e s io n s  were n e v e r  a  

prom inent f e a t u r e  and in d e e d  among th e  many an im a ls  

i n je c te d  o n ly  one was n o t ic e d  to  have a  g e n e r a l i s e d  

sxanthem a. A p h o to g rap h  o f  t h i s  mouse i s  sliown in  

F ig u re  5 (page 2 4 ) .  I t  nm st b e  p o in te d  o u t ,  howeverj, 

t h a t  in tr a d e rm a l  in o c u la t io n  was r a r e l y  u se d  s in c e  

lay m ain i n t e r e s t  was in  th e  developm ent o f  th e  

biepatic l e s io n  and th e  m o r ta l i ty  w ith  w hich i t  may bp 

a s s o c ia te d .

H is to lo g ic a l  ex am in a tio n  o f  s e c t io n s  o f  sk in

from t h i s  an im al was c se rried  o u t .  The changes seen

vere e s s e n t i a l l y  th o s e  d e s c r ib e d  b y  F enner and

c o n s is te d  o f  oedema o f  th e  s k in  and su b cu tan eo u s

t i s s u e s  w ith  w id esp read  lym phocy tic  i n f i l t r a t i o n  o f  
t h e /
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th e  d e rm is . Most o f  th e  ep idezm is was n e c r o t ic  b u t  

a  few f o c i  o f  oedem atous e p ith e liu m  were s t i l l  

v i s i b l e .  The n u c le i  in  th e s e  p a tc h e s  w ere d e e p ly  

bB B oph llic  and  th e  cy to p lasm  o f  th e  c e l l s  was r e ­

p la c e d  b y  la x g e  v a c u o le s . E o s in o p h il ic  cy to p la sm ic  

in c lu s io n s  o f  th e  ty p e  f i r s t  d e s c r ib e d  b y  l ia re h a l 

(1930) were c l e a r l y  v i s i b l e  in  th e s e  a r e a s .

P h o tog raphs i l h i s t r a t i n g  th e s e  changes a r e  

shown in  F ig u re s  SB and 5C (page 2 8 ) .
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K esis ta n c e

P r im a r i ly  from  th e  p o in t  o f  view  o f  com parison 

v /ith  th e  a g e n t d e s c r ib e d  by  G le d h i l l  and Andrewes 

(1961) th e  e f f e c t s  o f  h e a t  and e th e r  on t l ie  a c t i v i t y  

o f  th e  v i r u s  w ere in v e s t ig a te d .

Two g ro u p s  o f  te n  m ice were u s e d . A 10 

■uiQDensicm o f  i n f e c t iv e  mouse l i v e r  vms u s e d , th e  

LD50 o f  vAiich was known from  a  p re v io u s  experim en t 

t o  l i e  betw een  10"^ and 10~^. The su sp en s io n  was 

p re p a re d  in  th e  u s u a l  \my  i n  te n  p e r  c e n t ,  serum - 

s a l in e  b u t  a n t i b i o t i c s  were n o t  ad d ed . A liq u o ts  

o f  t h i s  m a te r ia l  were u se d  and t r e a t e d  b y  (a )  h e a t  

o f  56®C. i n  a  w a te ib a th  f o r  30 ladnutes and (b ) th e  

a d d i t io n  o f  an  e q u a l volume o f  e th e r  fo llo w ed  b y  

s to ra g e  o v e ro ig h t a t  2®C. 0*25 m i. o f  each o f  th e

above p r e p a r a t io n s  was in j e c t e d  i n t r a - p e r i t o n e a l l y  

in to  each  o f  th e  m ic e . IJo d e a th s  o c c u rre d  in  any of 

th e  in o c u la te d  m ic e .

I n  a  f u r t h e r  ex p erim en t a  s im i la r  10*^^ su sp en ­

s io n  was a llo w ed  to  s ta n d  a t  room te n p e r a tu r e  (20^0 . )  

f o r  30 h o u rs  befoz*e in o c u la t io n  (0 .2 6  m l .)  in to  each 

o f  th e  m ic e . E ig h t o f  t e n  ndce th u s  i n j e c t e d  d ie d  

p e fo re  th e  tw e l f th  day a f t e r  in o c u la t io n .

! S uspensions have b een  found  to  r e t a i n  t h e i r  

[ in f e c t iv i ty  f o r  a t  l e a s t  e ig h te e n  m onths a t  -SÛ^C.
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F ig u re  5B. -  S e c tio n  o f  sk in  o f  th e  zoouse 
shown in  F ig u re  5 showing oedema o f  th e  sk in  and 
su b cu tan eo u s t i s s u e s  w ith  u n d e r ly in g  lym phocy tic  
i n f i l t r a t i o n .

H eam atoxylin  and e o s in .  x  160 .

F ig u re  5C. -  S e c tio n  o f  ep id e rm is  showing 
cy to p la sm ic  in c lu s io n s ,  th e  n u c le i  a r e  d e e p ly  
b a s o p h i l ic  and th e  in c lu s io n s  i n  t h i s  f i e l d  have 
a lm o st e n t i r e l y  r e p la c e d  th e  cy to p lasm  o f  th e  c e l l s  

lîaem ato x y lin  and e o s in .  x  800»
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The e f f e c t  o f  a n t i b i o t i c  g

G roups o f  t e n  xaice w ere u s e d .  A s ta n d a rd  lO ^ l 

su sp e n s io n  was p re p a re d  and  t r e a t e d  w ith  p e n i c i l l i n  

so a s  to  c o n ta in  a  f i n a l  c o n c e n tr a t io n  o f  1000 u n i t é  

o f  P o tass iu m  P e n i c i l l i n  G p e r  m l. A s im i la r  su s ­

p en s io n  was t r e a t e d  w ith  D ihydro s trep tcm y c  in  

s u lp h a te  so a s  to  c o n ta in  2 0 0 fn g /h l .  Both t r e a t e d  

su sp e n s io n s  were a llo w ed  to  s ta n d  o v e m ig h t  in  th e  

r e f r i g e r a t o r  a f t e r  t r e a tm e n t  w ith  th e  a n t i b i o t i c s  

b e fo re  b e in g  i n j e c t e d .  0 .2 5  m l. am ounts o f  th e  t r e a t e d  

su sp e n s io n s  w ere i n j e c t e d  in t r a p e r i t o n e a l l y  in to  

two g ro u p s o f  t e n  m ic e .

E ig h t  o f  th e  t e n  m ice in j e c t e d  w ith  th e  

p e n i c i l l i n  t r e a t e d  suspensicm  and n in e  o f  th e  te n  

m ice i n j e c t e d  w ith  th e  s trep to m y cin  t r e a t e d  eu sp en s i^ n  

succumbed w ith in  n in e  days fo llo w in g  th e  i n j e c t i o n .
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I n o c u la t io n  o f  th e  v i r u s  in to  em bryonated egp:s

M a te r ia l  and M ethods F e r t i l e  eggs o f  th e  

W hite Leghorn B reed  w ere u se d  and v/ere in c u b a te d  

a t  37®C. f o r  tw e lv e  days p r i o r  to  in o c u la t io n *  

I n o c u la t io n s  w ere made o n to  th e  c h o r io  - a l l a n t o i s  

u s in g  B u rn e t and Bosikes* m o d if ic a t io n  o f  draw ing 

th e  inoculum  (0 .1  m l .)  in to  th e  egg d u r in g  th e  

p ro c e s s  o f  lo w erin g  th e  c h o r io - a l l a n to i c  m enbrane 

to  form  th e  b a s e  o f  th e  a r t i f i c i a l  a i r  s a c .  The 

d r i l l  h o le s  i n  th e  s h e l l  w ere s e a le d  w ith  ’S e l lo -  

tap e*  p r i o r  to  f u r t h e r  in c u b a t io n .

The i n i t i a l  inoculum  c o n s is te d  o f  a  10“^ su s ­

p e n s io n  o f  mouse l i v e r  p re p a re d  a s  a l r e a d y  d e sc r ib e e  I
!

F o r s e r i a l  t r a n s f e r  i n  eggs a  10 p e r  c e n t ,  su sp e n s ic ^  

o f  th e  m echranes i n  norm al s a l in e  s o lu t io n  v/as em­

p lo y e d . The membranes w ere m a ce ra ted  w ith  th e  a id  

o f  a  G r i f f i t h s  tu b e ,  and a n t i b i o t i c s  added to  th e  

same f i n a l  c o n c e n tr a t io n  a s  t h a t  r o u t in e ly  u se d  f o r  

mouse t i s s u e  su e p e n s io n s . A l l  d i l u t i o n s  w ere made 

in  noxm al s a l in e  s o lu t io n s .  Membranes were h a rv e s te c  

w ith  s t e r i l e  p r e c a u t io n s  a f t e r  th r e e  t o  f o u r  days 

in c u b a tio n  and rem oved to  a  P e t r i  d is h  f o r  exam ina- 

j t io n  u n d e r  a  d i s s e c t in g  m ic ro sco p e .

' R e s u l ts  The r e s u l t s  o f  th e  f i r s t  few p assag es 

( S e r ie s  A) a r e  sum m arised in  F ig u re  6 (page 3 2 ) .

The l e s io n s  ta k e  th e  form  o f  sm a ll ( 0 .2  to  0 .4  mm.) 

th ic k e n in g s  w hich te n d  to  b e  c o n f lu e n t  when h ig h e r  

^ o s e s  o f  inoculum  a r e  u s e d ,  ( s e e  F ig u re  7 , page 3 6 ) .



F ig u re  6 .
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Inoculum
P a s s ,  

î io .
L og. dose 
o f  v i r u s

Temp, o f  
in c u b a tio n

E e a i l t s
X

I n c lu s io n s

Mouse S e r ie s
l i v e r A .I 10"^ 37®C 3 /5 —

Egg S e r ie s 1 0 -1 4 /6
membrane A .I I 1 0 -2 37°C 4 /6 —

% g S e r ie s 1 0 -1 6 /6
m anbrane A . I l l 1 0 -2 35°C 6 /6 +10-3 S /5

Egg S e r ie s 1 0 -2 4 /5
membrane A .IV 1 0 -3 6 /6

10-4 36°C 4 /6 -4"
10-3 1 /6 1
10-3 0 /6

Mouse S e r ie s
l i v e r B .I 1 0 -2 36°C 3 /3 +

Egg S e r ie s
membrane B . I I 1 0 -2 35°C 3 /3 - f

% g S e r ie s
membrane B . I I I 1 0 -2 35®C 2 /3 - h

X The n u m e ra to r  shows tl ie  number o f  eggs w ith  l e s i o n s ,  
th e  d en o m in a to r th e  number o f  eggs i n j e c t e d .
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At th e  t h i r d  p assag e  th e  te m p e ra tu re  o f  in c u b a tio n  

a f t e r  in o c u la t io n  was red u ced  to  35®C. (B u m et and 

L ush , 1936) and in d eed  g row th  d id  ap p e a r  to  b e  inore 

r e g u la r  a t  t h i s  te m p e ra tu re .

H is to lo g ic a l  ex am in a tio n  o f  th e  membrane le s io h

S e le c te d  c h o r io - a l l a n to i c  m enbranes were f ix e d  in

10 p e r  c e n t ,  f o r m o l - s a l in e , p ro c e s se d  and embedded

in  p a ra f f in -w a x  in  th e  u s u a l  w ay. The fo llo v /in g

s ta in in g  m ethods were u s e d : -

îîaemalum (Mayer 1903) and E o s in ,
P h lo x in e  T a r t r a z in e  (Lendrum 1947) and 
M ann's E o sin  M ethyl B lu e .

H is to lo g ic a l ly  th e r e  i s  ec to d e im a l p r o l i f e r ­

a t i o n  w ith  a  m esoderm al i n f i l t r a t i o n  o f  in f la n sn a to iy  

c e l l s  w hich i s  m ost m arked a t  th e  p e r ip h e ry  o f  th e  

l e s i o n s ,  (s e e  F ig u re  8 , page 3 5 ) .  T h is  i s  fo llo w ed  

b y  n e c r o s i s  o f  th e  s u p e r f i c i a l  e c to d e rm a l l a y e r s ,  

w hich i s  p r e s e n t  in  m ost membranes in c u b a te d  f o r  

f o u r  days a f t e r  in o c u la t io n .

An i n t e r e s t i n g  f in d in g  was t h a t  th e  t y p i c a l  j 

cy to p la sm ic  in c lu s io n s  (B urnet and L ush , 1936) were 

n o t  o b se rv ed  u n t i l  th e  t h i r d  egg i^assage, a lth o u g h  

d e f i n i t e  ec to d e rm a l p r o l i f e r a t i o n s  w ere p r e s e n t  in  

th e  f i r s t  two egg p a s s a g e s .  I t  w i l l  b e  o b se rv ed  

from  th e  t a b l e  t h a t  t h i s  c o in c id e s  w ith  th e  r e d u c t io n  

in  p o s t - in o c u la t io n  te m p e ra tu re  o f  in c u b a tio n  

( S e r ie s  A) •

The p ro ced u re  was th e r e f o r e  r e p e a te d  u s in g  

m ouse/



34

mouse l i v e r  a s  inoculum  (su sp e n s io n  10""^) and  

in c u b a tin g  th e  eggB a t  35®C. a f t e r  in o c u la t io n .  

A l l  e ig h t  m esbranes o f  t h i s  s e r i e s  were h a rv e s te d  

on th e  t h i r d  day and exam ined h i s t o l o g i c a l l y . In  

t h i s  s e r i e s  th e  t y p i c a l  cy to p la sm ic  in c lu s io n s  

ap p eared  a t  th e  f i r s t  egg p a ssa g e  ( S e r ie s  B ) .

In  b o th  s e r i e s  th e  la r g e  cy to p la sm ic  e o s in ­

o p h i l i c  I n c lu s io n s  a r e  r e a d i ly  d em o n strab le  v /ith  

a l l  th r e e  m ethods o f  s t a in in g  u s e d .  R e fe ren ce  

s e c t io n s  o f  mouse e c tr (x a e lia  l e s io n s  on th e  c h o rio  

a l l a n t o i s  were a v a i l a b l e ,  and th e  in c lu s io n s  were 

s im i la r  to  th o s e  d e s c r ib e d  ab o v e .





F ig u re  7 shows th e  ap p earan ce  o f  th e  le s ic m s  
on th e  c h o r io a l la n to iB  a f t e r  f o u r  days in c u b a tio n  
a t  36*^C. D is c re te  f o c i  a r e  num erous a t  th e  p e r i ­
p h e ry  w h ile  a t  th e  c e n t r e  th e y  have become con­
f l u e n t  ,

35

F ig u re  8 , -  S e c tio n  o f  th e  c h o r io a l la n to ic  
membrane shown above showing e c to d e im a l p r o l i f e r ­
a t i o n .  S e v e ra l cy to p la sm ic  in c lu s io n s  a r e  p r e s e n t  
in  th e  p r o l i f e r a t e d  c e l l s .

H ilo x in e  T a r t r a z in e .  % 520 .
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C ross n e u t r a l i s â t  io n  t e s t s  i n  ch ick  em brvoa.

McCarthy and Bov/nie (1948) showed t h a t  th e  

^:p?owth o f  e c tro m e lia  v i r u s  on th e  c h o r io  a l l a n t o i s  

o f  d ev e lo p in g  eggs co u ld  b e  in h ib i te d  b y  a n t i -  

v a c c in ia  serum a s  w e ll  a s  by  homologous a n t i- s e ru m . 

The te c h n iq u e  ad o p ted  h e re  i s  e s s e n t i a l l y  t h a t  

d e s c r ib e d  b y  th o s e  a u th o rs  ex cep t t h a t  th e  f i n a l  

t i t r e  o f  th e  a n t i- s e ru m  employed was n o t  m easured 

n o r  was th e  50 p e r  c e n t ,  in f e c t io u s  dose en d p o in t 

e s t im a te d .

M a te r ia l  and M ethods. The v i r u s e s  used, were : -

( a ]  an  eg g -ad a p ted  s t r a i n  o f  v a c c in ia  v i r u s
o r ig in a t in g  in  th e  L i s t e r  I n s t i t u t e  o f  
P re v e n tiv e  M ed ic in e , London,

and (b ) th e  unknown v i r u s  from  th e  f o u r th  p assag e  ;ln 
eg g s .

The a n t i - s e r a  u se d  w e re :-

( i )  hyperiimnune v a c c in ia  a n ti- s e ru m  p re p a re d  in  a
r a b b i t  b y  r e p e a te d  im m unisa tion  w ith  r a b b i t f  
p assag ed  v i r u s  i n  th e  fonn  o f  p u r i f i e d  
e lem e n ta ry  b o d ie s .

( i i )  serum from  m ice w hich had  su rv iv e d  th e  i n t r a ­
n a s a l  in o c u la t io n  o f  th e  unknown v i r u s  f o r  
a  p e r io d  o f  s ix te e n  d a y s . The in o c u la t io n  
was th e n  r e p e a te d  and th e  a n t i - s e r a  c o l l e c te d  
a t  tw e lv e  days a f t e r  th e  second in o c u la t io n  j, 
C o n v a lescen t e c tro m e lia  serum h a s  p o o r 
n e u t r a l i s i n g  a b i l i t y  (M elnlck and G ay lo rd , 
1 9 5 3 ).

A ll  s e ra  were i n a c t i v a te d  a t  560C. f o r  t h i r t y  

m in u tes  b e fo re  u s e .

D r. Dumb e l l  o f  th e  B a c te r io lo g y  D epartm en t, 
U n iv e r s i ty  o f  L iv e rp o o l,  k in d ly  p ro v id e d  tiie  
v a c c in ia  serum and v i r u s .



The maximum d i l u t i o n  o f  v i r u s  f o r  u s e  in  th e  

t e s t  was ro u g h ly  s e le c te d  a s  t h a t  d i l u t i o n  a t  wliich 

th e  g row th  on th e  c h o r io a l l a n t o i s  c e a se d  to  rem ain  

c o n f lu e n t  i . e .  lo g  dose  10"*^ in  th e  c a se  o f  th e  

unknown and 10“^  in  th e  c a se  o f  th e  s t r a i n  o f  

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

w ere p re p a re d  a s  f o l lo w s : -

1 0 -1 , 1 0 -2 , 1 0 -3 , 1 0 -4 .

E qual volum es o f  s e r i a l  d i l u t i o n s  o f  v i r u s  

and  u n d i lu te d  serum w ere m ixed , h e ld  a t  room temper")" 

a tu r e  f o r  two h o u r s ,  and  0 .1  m l. o f  t h i s  m ix tu re  

i n j e c t e d  in to  fo u r  eggs o f  each g ro u p . C o n tro ls  

c o n s is te d  o f ; -

(1 ) s a l in e  +  v i r u s  a t  maximum d i l u t i o n

(2 ) u n d i lu te d  norm al r a b b i t  serum 4- v i r u s  a t  
maximum d i l u t i o n

i . e .  v a c c in ia  lo g  dose 10*^ 

unknown lo g  dose 10 

The tv/o v i r u s e s  were t e s t e d  on d i f f e r e n t  days 

b u t  th e  r e s u l t s  a r e  in c lu d e d  to g e th e r  i n  F ig u re  9 ,  

(page 39) • In  b o th  c a s e s  th e  eggs were exam ined 

fo u r  days a f t e r  in o c u la t io n .

R e s u l t s . The r e s u l t s  a r e  shown in  th e  fonn  

o f  a  t a b l e , F ig u re  9 .  The norm al serum c o n t r o ls  

showed some d eg ree  o f  i n h i b i t i o n  in  t h a t  s e v e r a l  

o f  th e  qggs i n  th e s e  g ro u p s  d id  n o t  show c o n f lu e n t 

l e s io n s  a s  com pared v i t h  th e  s a l in e  c o n t r o l s ,  b u t  

n e v e r th e le s s  o b v io u s  grow th  was p r e s e n t .
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I t  i s  e v id e n t from  th e  above t h a t  some c ro s s  

r e l a t i o n s h i p  e x i s t s  betw een  th e  two v i r u s e s .  

N e u t r a l i s a t io n  w ith  a  known s t r a i n  o f  e c tro m e lia  

\ma n o t  s tte m p te d  s in c e  i t  was deemed in a d v is a b le  

to  in tro d u c e  t h i s  in to  th e  l a b o r a to iy .



F ig u re  9 .

R e s u l ts  o f  C ro ss  n e u t r a l i s a t i o n  t e s t s  b e tw een  th e  

unknown and v a c c in ia  v i r u s

39

Serum X Loff. dose o f  v i r u s

unknown v a c c in ia

an ti-u n k n o w n  mouse 
serum . 10-1 10 -1

a n t i - v a c c i n i a  r a b b i t  
serum . 1 0 -1 10“ 1

n orm al mouse seium 10“ 3 10-4

norm al r a b b i t  serum 1 0 -3 10 -4

s a l in e  c o n t r o l 1 0 -3 10-4

X maximum d i l u t i o n s  
o b v io u s  l e s i o n s .

a t  w iiich a l l  f o u r  eggs showed



HaemarÂp:lutination

M a te r ia ls  and M ethods. The v a c c in ia  u se d  

was th e  "H art"  s t r a i n . *  S tock  su sp e n s io n s  o f  t h i s  

v i r u s  and th e  unknown v i r u s  were o b ta in e d  b y  i n ­

o c u la t in g  a  s e r i e s  o f  e le v e n -d a y  o ld  c h ic k  embryos 

and. l ia rv e s t in g  th e  m e ib ran es a f t e r  th r e e  days * 

in c u b a tio n  a t  35®C. The membranes w ere a llo w ed  to  

d r a in  and th e n  g round  w ith  s t e r i l e  sand in  a  m o rta r  

and  p e s t l e .  1 .0  m l. o f  s a l in e  p e r  menbrane was 

added and th e  su sp e n s io n  c e n tr i f u g e d  f o r  te n  m inu te^  

in  a  sm a ll B .T -L . Angle c e n t r i f u g e  a t  maximum 

r e v o lu t io n s  (a p p ro x im a te ly  11 ,000  r  .p  .m. ) .  The 

s u p e rn a ta n t  f l u i d  was u se d  a s  s to c k  m a te r i a l .

C o n tro l a n t ig e n  c o n s is te d  o f  n o m a l  membranes 

p re p a re d  in  th e  same way.

The te c h n iq u e  u se d  in  th e  h a e m a g g lu tin a tio n  

t e s t s  v/as e s s e n t i a l l y  t h a t  o f  B u rn e t and Boake (194^ 

ex c ep t t h a t  th e  t e s t s  v/ere c a r r i e d  o u t on p e rsp e x  

p l a t e s .  D i lu t io n s  o f  a n t ig e n  were made in  s a l in e  

u s in g  0 .2  m l. a s  th e  s ta n d a rd  volum e, one volume 

o f  s a l in e  s o lu t io n  and one volume o f  2 p e r  c e n t .  rep. 

c e l l s  b e in g  su b se q u e n tly  ad d ed . The m ix tu re s  were 

in c u b a te d  a t  35®C. f o r  one h o u r b e fo r e  th e  t e s t  was 

r e a d .

X D r. Koiman G r i s t  o f  th e  U n iv e r s i ty  o f  
G lasgow k in d ly  s u p p lie d  t h i s  v i r u s .
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Hed c e l l s  from  te n  fo w ls  were t e s t e d  f o r  

h a e m a g g lu tin a tin g  a c t i v i t y  w ith  th e  v a c c in ia  s to c k  

m a t e r i a l , and two o f  th e s e  were s e le c te d ,  one from 

a fowlwhose c e l l s  were s u s c e p t ib le  to  a g g lu t in a ­

t i o n  w ith  th e  v i r u s ,  and one f^om a  b i r d  whose 

c e l l s  were i n s u s c e p t i b l e . The l a t t e r  p roved  a  

c o n v e n ie n t check a g a in s t  n o n - s p e c if ic  a g g lu t in a t io n  

Red c e l l s  were c o l l e c t e d  lYom m ice b y  b le e d in g  from  

th e  c a u d a l v e in .  R e s u l ts  o f  th e  h a e m a g g lu tin a tio n  

t e s t  a r e  sliown in  F ig u re  10 (page 4 3 ) ,  from  vAiich 

i t  can  b e  seen  t h a t  th e  unknown a g e n t behaved  a s  

e c tro m e lia  i n  t h a t  i t  a g g lu t in a te d  v a c c in ia -p o s i t iv i !  

fow l re d  c e l l s  and mouse re d  c e l l s  and f a i l e d  to  

a g g lu t in a te  v a c c in ia -n e g a t iv e  fow l r e d  c e l l s ,

On th e  b a s i s  o f  th o s e  r e s u l t s  an  h a e m a g g lu tin a tio n -  

i n h i b i t i o n  t e s t  was s e t  u p , 

l ia e m a g g lu t in a t io n - in h ib i t io n .

A n tig e n s , Two d i l u t i o n s  o f  v a c c in ia  a n t ig e n  

w ere u s e d , v i z , ,  a  1 /8  and a  1 /1 6  d i l u t i o n  o f  th e  

s to c k  m a te r ia l  a s  d e s c r ib e d  u n d e r  lia e m a g g lu tin a tio n  

O nly one d i l u t i o n  o f  th e  "unknown" a n t ig e n  was u se d  

i . e . 1 /4  o f  th e  s to c k  m a te r i a l .

S e ra , The s e ra  u se d  v /e re :-

A, V acc in ia  immune serum p re p a re d  in  r a b b i t s  
b y  r e p e a te d  i n j e c t i o n  o f  p u r i f i e d  e lem en ta ry  
b o d ie s ,

B , Immune seium  a g a in s t  th e  "unknown" v i r u s  
p re p a re d  b y  i n j e c t i n g  a  r a b b i t  in tr a v e n o u s ly  
w ith  a  su sp e n s io n  o f  i n f e c t iv e  mouse l i v e r  
a t  i n t e r v a l s  o f  t e n  days w ith  a  t o t a l  o f  f iv e  
i n j e c t i o n s .  The serum was c o l l e c te d  te n  days 
a f t e r  th e  f i n a l  i n j e c t i o n .
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C . Serum p re p a re d  a g a in s t  norm al mouse l i v e r  
by  i n j e c t i n g  a  r a b b i t  v /ith  th e  same amount 
o f  norm al mouse l i v e r  a s  t h a t  u se d  o f  i n f e c t ­
iv e  mouse l i v e r  in  B , th e  same number o f  
i n j e c t i o n s  b e in g  u s e d .

D. Normal r a b b i t  serum .

In  each  c a se  th e  serum v/as d i lu t e d  1 /10  in  
norm al s a l in e  p r i o r  to  u s e .

Red c e l l s .  Two so u rc e s  o f  r e d  c e l l s  were u sed  

one from  a  fow l whose c e l l s  v/ere s u s c e p t ib le  to  

a g g lu t in a t io n  w ith  v a c c in ia  v i r u s  and one from  a 

b i r d  whose c e l l s  w ere in s u s c e p t ib le .

T ech n iq u e . 0 .2  m l. o f  a n t ig e n  was m ixed w ith  

0 .2  m l. o f  serum i n  th e  d i l u t i o n s  d e s c r ib e d  ab o v e . 

C o n tro ls  c o n s is te d  o f  0 .2  m l. o f  a n t ig e n  v /ith  0 .2  ml 

o f  s a l in e  • The m ix tu re s  were a llo w ed  to  s ta n d  a t  

room te m p e ra tu re  f o r  one h o u r when 0 .2  m l. o f  a  

2 p e r  c e n t ,  su sp e n s io n  o f  r e d  c e l l s  was ad d ed .

The m ix tu re s  were th e n  in c u b a te d  a t  35^0 . f o r  one 

h o u r b e fo re  th e  t e s t s  were r e a d .
I
I R e s u l ts .  No h a e m a g g lu tin a tio n  o c c u rre d  w ith

I v a c c in ia -n e g a t iv e  fow l r e d  c e l l s .  The r e s u l t s  

! shown in  F ig u re  11 (page 44 ) th e r e f o r e  r e f e r  to  

! th e  t e s t  in  v h ic h  v a c c in ia - p o s i t iv e  fow l r e d  c e l l s  

I v/ere em ployed. I t  i s  e v id e n t t h a t  th e r e  i s  good 

c ro s s  i n h i b i t i o n  o f  h a e m a g g lu tin a tio n .
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Figure 10.

V acc in ia
an ti;?en

V acc in ia  
P o s i t iv e  
fow l IRC8

Vacc in i a  
N eg a tiv e  
fow l BBC8

Mouse
BBCs

Stock •+• - -

' 1 :2 4 - -

1 :4 4 - -

1 :8 4 - -

1:16 4 - -

1 :32

Unknown

+

a n t ig e n

S tock 4 - - 4
1 :2 4 - 4
1 :4 4 - 4
1 :8 4 - -

1 :1 6 — — -

C o n tro l
a n t i s e n

S tock - - -

1 :2 - - -

1 :4 - - -

s  com plete  a g g lu t in a t io n  

= no a g g l u t in a t io n .



Figure 11.
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S a lin e
C o n tro l

Serum A 
V ac c in ia

Serum B 
unknown

Serum C 
Normal 
Mouse L iv e r

Serum D
N onsal
B ab b it

V acc in ia
a n t ig e n

1 /8 + 4 4
1 /16 + — — 4 4

Unknown
a n t ig e n

1 /4 + - - 4 4

com plete  a g g lu t in a t io n  

no a g g l u t i n a t i o n .



CONCLUSIONS

The com bined ev id en ce  o f  th e  post-m ortem  and 

h i s t o l o g i c a l  f in d in g s ,  to g e th e r  w ith  th e  r e s u l t s  

o f  th e  n e u t r a l i s a t i o n  and h a e m a g g lu tin a tio n  t e s t s ,  

make i t  cleeu? t h a t  th e  v i r u s  h e re  d e s c r ib e d  i s  in  

f a c t  a  s t r a i n  o f  e c t r o m e l ia . The o n ly  u n u su a l 

f e a tu r e s  o f  th e  e x p e rim e n ta l d is e a s e  were (a )  th e  

f a i l u r e  to  d em o n stra te  v i s c e r a l  cy to p la sm ic  i n c lu ­

s io n s  and (b ) th e  r a r i t y  o f  secondary  sk in  le s io n s  

The r e g u la r  o c c u rren c e  o f  h e p a t i t i s  in  th e  in o c u l­

a te d  m ice su g g e s te d  i t s  u se  a s  an  ex p e rim en ta l mode]), 

o f  t h a t  c o n d i t io n .
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SECTION TWO 

C o n s id e ra tio n  o f  th e  l i t e r a t u r e  rev iew ed  in  

th e  g e n e ra l  in t r o d u c t io n  su g g e s te d  t h a t  th e  d is e a s e  | 

d e s c r ib e d  in  S e c tio n  One m igh t se rv e  a s  a  u s e f u l  

e x p e rim e n ta l m odel on v h ic h  th e  e f f e c t  o f  e n v iro n -  i
I

m e n ta l f a c t o r s ,  p a r t i c u l a r l y  th o s e  a s c r ib e d  to  | 

d i e t a r y  d e f ic ie n c y ,  m igh t be  exam ined.

Two p r o t e i n - d e f i c i e n t  d i e t s  w ere em ployed in  

t h i s  s e r i e s  o f  e x p e rim e n ts . They were s e le c te d  on 

th e  b a s i s  o f  th e  work o f  N a f ta l in  (1961 , 1962) who 

showed t h a t  en v iro n m en ta l te m p e ra tu re  p la y e d  an 

im p o rta n t p a r t  i n  th e  p ro d u c tio n  o f  a c u te  d ie t a r y  

l i v e r  n e c r o s is  in  th e  r a t .  In  my hands th e s e  d i e t s  

f a i l e d  to  provoke th e  c o n d i t io n  in  r a t s .  The 

p ro b a b le  re a s o n  f o r  t l i a t  f a i l u r e  a s  g iv e n  by  

N a f ta l in  (1954) was th e  n a tu re  o f  th e  c a s e in  u sed  

a s  th e  so u rce  o f  p r o t e i n .

The ex p e rim en ts  can  b e s t  b e  d e s c r ib e d  b y  

d iv id in g  them u n d e r  two h e a d in g s  (a )  th o s e  in  r a t s  

(E xperim en ts 1 and 2 ) ,  th e  s o le  p u rpose  o f  which 

was to  r e p e a t  th e  e f f e c t  d e s c r ib e d  b y  N a f ta l in ,  and 

(b ) th o s e  w ith  m ice (E xperim en ts 3 and 4 )  in  which 

th e  same d i e t s  were f e d  p r i o r  to  in f e c t io n  w ith  th e  

v i r u s  a l r e a d y  d e s c r ib e d .

T h is  method o f  d e s c r ip t io n  i s  u se d  f o r  con­

v en ien ce  a lth o u g h  i t  does n o t  r e p r e s e n t  th e  ch ro n o ­

l o g i c a l  sequence in  w hich th e  ex p e rim en ts  were 

c a r r i e d  o u t .
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E:a?EPJ3/ISIITS I  and 2 

O b jec t t -  th e  p ro d u c tio n  o f  d i e t a r y  l i v e r  n e c r o s i s  

in  r a t s .

M ethods. Male a lb in o  r a t s  were u se d  in  each o f  th e  

fo llo w in g  e x p e r im e n ts . These an im a ls  w ere from  a  

s to c k  m a in ta in e d  i n  th e  U n iv e r s i ty  o f  G lasgow 

D epartm ent o f  V e te r in a ry  P a th o lo g y . The w eaning 

age o f  th e  r a t s  u se d  was n o t  known e x a c t ly  b u t  none 

o f  th e  a n im a ls  was o ld e r  tlia n  seven w eeks.

D i e t . A f te r  w eaning and p r i o r  to  t h e i r  u se  

th e  young r a t s  had  a c c e s s  to  Itow ett r a t  cubes fe d  

ad  l i b . In  b o th  e x p e r im ^ ts  a  p re l im in a ry  h ig h  

p r o t e i n  d i e t  (N a fta lin *  s  No .157) was f e d  f o r  a 

p e r io d  o f  one week p r i o r  to  th e  low  p r o te in  d i e t  

( N a f t a l i n ’ s  No .8 4 ) .  The p e rc e n ta g e  c o i i ^ s i t i o n  o f  

th e s e  d i e t s  i s  shown in  F ig u re  13 (p ag e  5 0 ) .

I In  none o f  th e  g ro u p s  was any a tte m p t made
I
I to  r e s t r i c t  th e  amount o f  fo o d  in t a k e .  The food  

' consum ption  o f  in d iv id u a l  r a t s  was n o t  m easu red .

I Two s im i la r  e2Q )erim ents w ere c a r r i e d  o u t and th e  

I o n ly  d i f f e r e n c e  in  th e  d i e t s  u se d  was in  th e  source 

I o f  th e  c a s e in .  In  E xperim en t 1 th e  " lo w -v itam in "

I c a s e in  o f  G enatosan  L t d . ,  Loughborough, was u se d
I

I i n  b o th  th e  h ig h  and th e  low p r o te in  d i e t s ,  v /h ile  

I i n  E xperim ent 2 G laxo c a s e in  C o f  G laxo L a b o ra t-  

I o r i e s  L t d . ,  G re e n fo rd , M id d lesex , was u se d  in  b o th  

I th e  h ig h  and th e  low p r o te in  d i e t s .  A copy o f  th e  

I a n a l y t i c a l /



a n a l y t i c a l  f ig u r e s  o f  th e  G enatosan  " lo w -v itam in "  

c a s e in  i s  g iv e n  in  F ig u re  12 (page 4 9 ) .

E nv ironm en t. In  each exp erim en t sev en -d ay  th e m o -  

g ra p h s  were u se d  to  re c o rd  th e  d ry  b u lb  a i r  tem p er­

a tu r e  .

E xperim ent 1 . Two en v ironm en ts v/ere s tu d ie d .

The f i r s t  o f  th o s e  was p ro v id e d  b y  an u n h ea ted  

an im al h o u s e , th e  te m p e ra tu re  o f  w hich v a r ie d  from 

50 to  60® F., and t l ie  second b y  a  h e a te d  room, th e  

te m p e ra tu re  o f  which v a r ie d  from  68 to  74°F . 

E xperim ent 2 .  The same rooms were u se d  and th e  

te m p e ra tu re  ran g e  in  th e  h e a te d  room was o f  th e  

same o rd e r  a s  in  E xperim ent 1 ,  b u t  th e  te m p e ra tu re  

i n  th e  u n h ea ted  i*oom ran g ed  from  58 to  64°F .

D e s ig n . Groups o f  t e n  r a t s  w ere u sed  in  b o th  c a s e s . 

In  a d d i t io n  two s im i la r  g ro u p s o f  t e n  r a t s  were 

k e p t a s  c o n t r o l s ,  i . ^ .  th e y  w ere k e p t on th e  h ig h  

p r o te in  d i e t  t h r o u ^ o u t  th e  c o u rse  o f  th e  e x p e r i ­

m en t. The p la n  common to  b o th  ex p e rim en ts  i s  

shovn i n  F ig u re  14 (page 5 0 ) .

R e s u l t s . I n  E xperim ent 1 ,  i n  w hich G enatosan  case lx  

was u se d  a s  th e  so u rce  o f  p r o t e in ,  no d e a th s  

o c c u rre d  w ith in  a  p e r io d  o f  120 days i n  any o f  th e  

g ro u p s  a t  e i t h e r  o f  th e  e n v iro n m en ta l te m p e ra tu re s  

s tu d ie d .  The an im a ls  were s a c r i f i c e d  a t  t h i s  tim e  a 

p ost-m ortem  ex am in a tio n  f a i l e d  to  r e v e a l  any evidenc 

o f  d i s e a s e -
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Figure 12.

COPY OF Til: AIOLYPXCAL FIGURES CF GHIATOSAIi 

"LOW VITAMIN** CASEBT

LOW VITAMIN CASEIN (c h . 7 .8 .8 .1 0  107313), II 0365

A ppearance

Ash

L oss a t  lOO^C.

N i t r % e i

C ase in

A lc o h o lic  a c i d i t y  

pH

L ac to se

F a t

T o ta l  P

F in e  W hite I'owder 

1.34%

4.73%

14 *66%

93.53%

0.036%

5 .6

Ho d e te c te d  

0 .11%

0.80%

A ppearance 

A neurine 

R ib o f la v in  

N ic o t in ic  a c id  

P a n to th e n ic  a c id

F in e  W hite Powder 

0 .3 2  ÿ/gm .

0 .1 2  &/gm.

0 .2 5  y%gm.

0 .1 4  &/gm.

PASSED
R.G.

10 O c t. 1951.
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Figure 13.

P e rc en tag e  co m p o sitio n  o f  d i e t s  u sed

C o n s ti tu e n t
High p r o te in  

d i e t
Low p r o te in  

d i e t .

C ase in 16 8

Y east * 3 3

L ard 7 7

S ucrose 68 76

McCollum’s T 
s a l t  m ix . 4" 4

C o d - l iv e r  o i l  
(B .P .)  ( c . c . ) 2 2

C ho line  c h lo r id e  
(mg. p e r  100 g . d i e t )  200 200

The fo llo w in g  B v ita m in s  (mg. p e r  100 g . d i e t )  
were added to  a l l  th e  above d i e t s ;  a n e u r in  0 .3 ,  
r i b o f l a v in  0 .3 ,  Ca p a n to th e n a te  2 .0 ,  p y r id o x in  0 .3 ,  
i n o s i t o l  0 .6 ,  n i c o t i n i c  a c id  4 .0 .

M D ried  y e a s t  powder (P u lv . sa cch a ro m y ce tis  c e r e -
v i s i a e  e x s ic c  . ) The Pharm aco-C hem ical P ro d u c ts  L td . ,  
London and B u r to n -o n -T re n t .

i  McCollum’ s s a l t  m ix tu re  185 -  0 .2 2  g .  KI p e r  k i lo  o f  
s a l t .

F ig u re  1 4 .

Number 
o f  r a t s

High p r o te in  
d i e t .  ’

Low p r o te in  
d i e t .

E nv ironm en ta l
te m p e ra tu re

10

10

10

10

7 days 

7 days

T hroughout
ex p erim en t

T h ro u ^ o u t
ex p erim en t

T i l l  d ea th  
o r  k i l l i n g

T i l l  d e a th  
o r  k i l l i n g

High

High

Low



H is to lo g ic a l  ex am in a tio n  o f  a  g e n e ra l  s e t  o f  

t i s s u e s  in c lu d in g  s p le e n ,  k id n e y , lu n g s ,  h e a r t  

m u sc le , p a n c re a s  and sm a ll i n t e s t i n e  l ik e w is e  

f a i l e d  to  r e v e a l  o b v io u s  a b n o im a l i ty .  S e v e ra l 

l i v e r  s e c t io n s  w ere exam ined from  each an im al and 

th e s e  v/ere a ls o  a p p a re n t ly  n o iro a l.

On th e  o th e r  hand in  E xperim ent 2 in  which 

G laxo c a s e in  was u se d  a s  th e  so u rce  o f  p r o t e i n ,  

f i v e  o u t o f  t e n  a n im a ls  k e p t  a t  an  en v iro n m en ta l 

te m p e ra tu re  o f  68 to  74®F. on th e  lov/ p r o te in  d i e t  

succumbed and a t  n e c ro p sy  th e s e  siiowed t y p i c a l  

m assiv e  h e p a t ic  n e c r o s i s .  O nly two o f  th e  r a t s  

k e p t  a t  th e  lo w er te m p e ra tu re  on th e  low p r o te in  

d i e t  d ie d  and a t  n e c ro p sy  th e s e  an im a ls  a l s o  

allowed m assiv e  h e p a t ic  n e c r o s i s .

I n t e r p r e t a t i o n . These r e s u l t s  co n firm  th o s e  o f  

N a f ta l in  (1 9 5 4 ). I t  sh o u ld  b e  em p h asised , how ever 

t h a t  th e  p r e c i s e  d a te  o f  w eaning v/as n o t  r e c o rd e d . 

N e v e r th e le s s  th e  r e s u l t s  were s u f f i c i e n t l y  c l e a r  cu|t 

to  e n a b le  th e  s e l e c t i o n  o f  d i e t s  f o r  u se  i n  m ic e .

51
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EXPERIMENTS 3 and 4 

O b je c t ; -  t o  examine th e  e f f e c t  o f  th e  d i e t s  u sed  

i n  E xperim en ts  1 and 2 on th e  c o u rse  o f  th e  d is e a s e  

p roduced  b y  th e  v i r u s  o f  e c tro m e lia .

M a te r i a l s . V iru s .  The v i r u s  u se d  v/as t h a t  

d e s c r ib e d  in  S e c tio n  1 ,  w hich i s  c o n s id e re d  a s  an 

h e p a to tro p ic  v a r i a n t  o f  th e  e c tro m e lia  v i r u s .  The 

m ethods o f  p r e p a r a t io n  o f  v i r u s  su sp e n s io n s  a re  a s  

i n  S e c tio n  1 ex c ep t t h a t  l i v e r  su sp e n s io n s  and 

t h e i r  su b seq u en t d i l u t i o n s  w ere made in  norm al 

s a l in e  s o lu t io n .  The m ice u se d  av e rag ed  fo u r  to  

s ix  weeks o f  a g e . Sexes were m ixed a t  random .

A ll  i n j e c t i o n s  v/ere c a r r i e d  o u t i n t r a - p e r i t o n e a l l y  

u s in g  0 .2 5  m l . am ounts ex c ep t where o th e rw ise  

s t a t e d .

E n v iro n m en t. The same rooms were u se d  a s  in  

E xperim en ts 1 and 2 .

D i e t . The d i e t s  u se d  were o f  th e  same co m p o sitio n  

a s  i n  E xperim en ts 1 and 2 and in  each c a se  th e s e  

w ere f e d  f o r  one week p r i o r  to  th e  i n j e c t i o n  o f  th e  

v i r u s  d i l u t i o n s .

D e s ig n . E xperim ent 3 . P a r a l l e l  t i t r a t i o n s  o f  

i n f e c t i v i t y  v/ere c a r r i e d  o u t i n  g ro u p s  o f  f iv e  m ice 

p e r  d i l u t i o n  o f  v i r u s  su sp e n s io n . F iv e  d i l u t i o n s  

v/ere u se d  f o r  each  t i t r a t i o n .  In  t h i s  experim en t 

G enatosan  "low  p r o te in "  c a s e in  was u se d  a s  th e  

d i e t a r y  so u rce  o f  p r o t e i n .
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E xperim ent 4 .  The same d i l u t i o n s  o f  v i r u s  

v/ere u se d  a s  in  E xperim ent 3 and th e  la y o u t  i s  a ls o  

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

c a s e in  C was u se d  a s  th e  d i e t a r y  so u rce  o f  p r o t e i n - 

The d e s ig n  o f  th e  ex p e rim en ts  i s  shown in  

F ig u re  16 (page 6 6 ) .

V.here such  co m p ara tiv e  t i t r a t i o n s  w ere c a r r ie d  

o u t th e  d i l u t i o n s  w ere p re p a re d  a s  q u ic k ly  a s  

p o s s ib le  u s in g  th e  r e a g e n ts  a t  4®C. and th e  h ig h e s t  

d i l u t i o n s  v/ere i n j e c t e d  f i r s t ,  i . e .  a l l  g ro u p s  a t  

10~® th e n  a l l  g ro u p s  a t  10"^ and  so o n .

R ecord c a rd s  o f  th e  k in d  i l l u s t r a t e d  in  

F ig u re  15 (page 55) were k e p t f o r  each  group  o f  

m ice i n j e c t e d  and p ro v ed  to  b e  p a r t i c u l a r l y  u s e f u l  

where materieûL v/as c o l l e c te d  f o r  h i s to lo g y ,  a s  w el] 

a s  f a c i l i t a t i n g  a  com parison  o f  th e  p e r io d s  o f

I s u r v iv a l .  Post-m ortem  and h i s t o l o g i c a l  exam inatio r. 

was c a r r i e d  o u t on a l l  m ice w hich d ie d .

I  The r e s u l t s  a r e  shown i n  F ig u re  17 (page 5 7 )•
i

I n t e r p r e t a t i o n . In  any a t t e n p t  to  show th e  e f f e c t  

o f  d i e t  o r  o th e r  s t im u l i  two m ain c r i t e r i a  a r e  

a v a i l a b l e .  T hus, th e  s iz e  o f  th e  i n f e c t iv e  dose 

r e q u ir e d  to  produce d e a th  u n d e r  th e  c o n d i t io n s  o f  

th e  ex p erim en t may be  c a lc u la te d  an d , i f  t h i s  can  

b e  shown to  v a ry  s u f f i c i e n t l y  w ith  changed c o n d i­

t i o n s ,  i t  may n o t  o n ly  p ro v id e  ev id en ce  f o r  th e  

e x is te n c e  o f  th e  e f f e c t  b u t  a l s o  c o n s t i t u t e  a  

m easure o f  i t s  m ag n itu d e . S im i la r ly ,  when a  con­

s t a n t /



c o n s ta n t  dose o f  th e  I n f e c t iv e  a g e n t i s  u s e d , i f  

th e  p e r io d  o f  s u r v iv a l  can  be shown to  v a ry  w ith  

d i f f e r e n t  e x p é rim e n ta l c o n d i t io n s ,  t h i s  p e r io d  may 

b e  u se d  a s  an  in d e x . S econd ly , post-m ortem  and 

h i s t o l o g i c a l  ex am in a tio n s  may r e v e a l  d i f f e r e n c e s  in  

th e  ty p e  o f  l e s io n  p ro d u ced .

In  th e  ex p e rim en ts  d e s c r ib e d  h e re  b o th  

ap p ro ach es  w ere u s e d .  The 50 p e r  c e n t ,  l e t h a l  dose 

e n d -p o in ts  (ID50) w ere c a lc u la te d  ac c o rd in g  to  th e  

m ethod o f  Reed and Muench (1 9 3 8 ). I t  seemed l i k e l y  

t î i a t  any m arked d i f f e r e n c e  due to  th e  e x p e rim e n ta l 

s t im u lu s  v/ould b e  r e f l e c t e d  by  d i f f e r e n c e  in  th e  

d o ses  th u s  c a lc u l a t e d .

The d i f f e r e n c e s  shown i n  E xperim en ts 3 and 4 

(see F ig u re  1 7 , page 57) t a r e  n o t  i n  f a c 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 .  N e v e r th e le s s  i n  b o th  experiments^ 

a l l  g ro u p s k e p t a t  th e  low er en v iro n m en ta l tem per­

a tu r e  d id  a p p e a r  to  show a s l i g h t l y  h ig h e r  LD50. 

T h is ,  how ever, was o b v io u s ly  n o t  r e l a t e d  to  th e  

amount o f  p r o te in  in  th e  d i e t  s in c e  th e  same s l i g h t  

d i f f e r e n c e  was p r e s e n t  in  th e  c o n t r o l  g ro u p s g iv e n  

th e  h ig h  p r o te in  d i e t  and k e p t a t  th e  lo w er tem p er­

a tu r e  .

Post-m ortem  and h i s t o l o g i c a l  ex am in a tio n  o f  

m ice dy ing  in  E xperim en ts 3 and 4  f a i l e d  to  r e v e a l  

obv io u s d i f f e r e n c e  in  h e p a t ic  p a th o lo g y .

I t  was th e r e f o r e  d e c id e d  to  a t te m p t to  enhance 

th e  e f f e c t  by  f u r t h e r  lo w erin g  o f  th e  en v iro n m en ta l 

te m p e ra tu re  and to  u se  th e  u s u a l  "R ow ett" cubes 

(D ie t 4 1 ) i n  p la c e  o f  th e  s y n th e t ic  d i e t s .
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m ice have b een  k e p t f o r  p e r io d s  up  to  two m onths in  

th e  r e f r i g e r a t o r  d e s c r ib e d  ab o v e ,w ith o u t i H  e f f e c t  

These env ironm en ts a r e  r e f e i r e d  to  h e r e a f t e r  a s  th e  

c o ld  and warm env ironm ents r e s p e c t iv e ly *

D esign  % P a r a l l e l  t i t r a t i o n s  w ere c a r r i e d  o u t u s in g  

g ro u p s o f  f i v e  m ice and e ig h t  d i l u t i o n s  o f  v i r u s  in  

each  o f  th e  env ironm ents*  0 .2 6  m l. am ounts were 

i n j e c t e d  i n t r a - p e r i t o n e a l l y .

R e s u l t s . A g rap h  o f  th e  cu m u la tiv e  t o t a l s  from  

t h i s  t i t r a t i o n  i s  shown in  F ig u re  18 (page 6 0 ) .

T h is  shows a  d i f f e r e n c e  betw een  th e  two e n v iro n ­

m ents am ounting to  3 l o g .  p la c e s  i n  th e  c a lc u la te d  

60 p e r  c e n t ,  l e t h a l  dose e n d -p o in ts .  The a c tu a l  

r e s u l t s  to g e th e r  w ith  t h e i r  s t a t i s t i c a l  a n a ly s i s  

a r e  g iv e n  in  th e  ap p en d ix  (page 1 2 9 ) . I t  i s  

s u f f i c i e n t  to  say  h e re  t h a t  th e  r e s u l t s  a r e  h ig h ly  

s i g n i f i c a n t  and  in d ic a t e  t h a t  100 to  1 ,000  tim e s  

a s  much v i r u s  i s  r e q u ir e d  to  k i l l  a p p ro x im a te ly  

60 p e r  c e n t ,  o f  m ice in  th e  warm environm ent a s  i s  

n eeded  to  k i l l  th e  same p ro p o r t io n  in  th e  c o ld  

en v iro n m en t.

The g ro s s  changes o b se rv e d  a t  n ec ro p sy  w ere 

a s  th o s e  a l r e a d y  d e s c r ib e d  e x c ep t t h a t  th e  m o ttlin g  

o f  th e  l i v e r  was u s u a l ly  more ob v io u s in  m ice 

dy ing  in  th e  c o ld  en v iro n m en t. M a te r ia l  f o r  h i s t o ­

l o g i c a l  ex am in a tio n  was c o l l e c te d  from  a t  l e a s t  one 

o f  th e  m ice dy ing  in  each  g ro u p . C e r ta in  d i f f e r ­

e n c e s /
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EXPERIMENT 5

O b je c ts -  t o  exam ine th e  e f f e c t  o f  a  c o ld  e n v iro n ­

m ent on th e  i n f e c t i v i t y  o f  e c tro m e lia  v i r u s  i n  m ice 

M eth o d s. I n  th e  p re v io u s  e x p e rim e n ts  an  u n h e a te d  

I'oom was u se d  to  p ro v id e  th e  c o ld  environm ent*  The 

te m p e ra tu re s  w ere r e c o rd e d  on a  sev en -d ay  th e rm o ­

g ra p h  b u t  even in  th e  w in te r  m onths th e  te m p e ra tu re  

r a r e l y  f e l l  b e lo w  60^F . In  a d d i t io n  th e r e  was 

m arked d a i l y  v a r i a t i o n -  F o r t h i s  re a s o n  th e  m ice 

w ere h o u sed  i n  a  com m ercia l r e f r i g e r a t o r ,  t h e  d o o r 

o f  w hich was wedged open  f o r  a p p ro x im a te ly  h a l f  an  

in c h  a t  i t s  f r e e  e d g e , to  p ro v id e  v e n t i l a t i o n .

By t h i s  means e ig h t  mouse b o x e s  c o u ld  b e  c o m fo rt­

a b ly  accom m odated. The e n v iro n m e n ta l te m p e ra tu re  

re a c h e d  w ith  th e  d i a l  a t  i t s  lo w e s t s e t t i n g  and  

w ith  f i v e  o r  s i x  m ice i n  each  box  was approx im ­

a t e l y  4 3 ° F . w ith  a  r e l a t i v e  h u m id ity  o f  ap p ro x ­

im a te ly  50 p e r  c e n t ,  and  t h i s  te m p e ra tu re  was w e ll  

m a in ta in e d , th e  v a r i a t i o n  n o t  ex ceed in g  Z  5®F. 

e x c e p t when th e  d o o r was opened  IX illy  and  th e  

b o x es  rem oved f o r  i n s p e c t i o n .  G a lv a n iz e d  m e ta l  

b o x es  v/ere u se d  w ith  w ire  mesh l i d s  c a r r y in g  th e  

fo o d -h o p p e r  and th e  w a t e r - b o t t l e .

The c o n t r o l  g ro u p s  o f  m ice w ere k e p t  i n  a  

h e a te d  t h e r m o s ta t i c a l l y  c o n t r o l l e d  room a t  75^F . 

w ith  a  v a r i a t i o n  o f  £  70p . and w ere f e d  d i e t  41 

(R ow ett cu b e s  u n s u p p le n e n te d ) .  On such  a  d i e t  

m ic e /
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Figure 17.
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Group
Log. dose 
o f  v i r u s

UuEiber o f  m ice dyliiK 
liumber o f  m ice i n j e c t e d LD50

10-2 5 /5
X0“3 3 /5

3A 10-4 2 /5 10 -3  «6
10-g 1 /5
10-6 0 /5

10-2 4 /5
10-3 4 /5

2B 10-4 3 /5 1 0 -4 .3
10-5 3 /5
10-6 0 /4

10-2 5 /5
10-3 4 /5

3C 10-4 2 /5 10-4
10-5 1 /5
10-6 1 /5

10-2 5 /5
10-3 5 /5

3D 10-4 3 /5 1 0 -4 .5
10-5 2 /5
10-6 1 /5

10-2 3 /5
10-3 4 /5

4A 10-4 2 /5 10"3 .54
10-6 1 /5
10-6 0 /5

10-2 5 /5
1 0 -3 5 /5

4B 10-4 3 /5 10-4 • 31
1 0 -0 1 /5
10-6 0 /5

10-2 4 /5
10-3 4 /5

4C 10-4 2 /5 IQ—3#54
10-6 0 /5
10-6 0 /5

10-2 4 /5
10-3 5 /5

4D 10-4 2 /5 10 - 3 .5 7

10-^ 1 /5
10-6 1 /5



F ig u re  1 5 . -  E^eolmmi reco rd , c a rd  u se d  in  
t i t r a t i o n s  o f  i n f e c t i v i t y  to  f a c i l i t a t e  oongpariBons 
o f  in c u b a tio n  p e r io d s .
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Figure 16.
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Group
Log. dose 
o f  v im s

Im nber 
o f  m ice

High p r o te in  
d i e t

Low p r o te in  
d i e t

E nv ironm en ta l
te m p e ra tu re

1 0 -2 5

1 0 -3 5
T hroughout

A 1 0 ^ 5 th e  co u rse H i ^
o f  th e

10-6 6 ex p erim en t

10-6 5

10-2 5

10-3 6
Throughout

B 10-4 5 th e  c o u rse Low
o f  th e

10-5 6 ex p erim en t

10-6 5

i o “^ 5

10-3 5
'fb roughou t

C 10-4 5 th e  c o u rse High
o f  th e

10-6 5 ex p erim en t

10-6 5

10-2 5

10-6 5
T hroughout

D 10-4 5 th e  c o u rse Low
o f  th e

10-6 5 exp erim en t

10-6 5
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F ig u re  1 8 . -  Graph o f  GU M ilative m o r t a l i t i e s  
c o n s tru c te d  from  r e s u l t s  o f  ex p e rim en t 6 .  The 50% 
l e t h a l  dose e n d -p o in t i s  slK>\m in  each c a se  Where 
l i k e  l i n e s  i n t e r s e c t .  The a c tu a l  m o r t a l i t i e s  on 
w hich t h i s  g rap h  i s  b a s e d  a re  shown in  th e  appendia:
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d i f f e r e n c e s  w ere n o ted *  These were th e  s u b je c t  o f  

f u r t h e r  s tu d y  (se e  page 8 8 ) .

In  a d d i t io n  to  th e  d i f f e r e n c e  i n  60 p e r  c e n t * 

l e t h a l  dose e n d -p o in ts ,  i t  was n o te d  t h a t  th e  m ice 

k e p t  in  th e  c o ld  environm ent te n d e d  to  d ie  so o n er 

th a n  th o s e  m a in ta in e d  u n d e r warm c o n d i t io n s .  T h is  

can  b e  m ost c l e a r l y  shown in  th e  form  o f  a  g rap h  

(F ig u re  1 9 , page 6 3 ) ,  v ^ ic h  i s  b a se d  on th e  sum o f  

th e  r e s u l t s  o f  E xperim en ts lOA and IOC.

C o n tro l t e s t s  were a l s o  c a r r i e d  o u t and th e s e  

v/ere o f  two ty p e s  (a )  exposure  o f  m ice to  th e  c o ld  

environm ent w ith o u t o th e r  t r e a tm e n t  f o r  p e r io d s  o f  

up to  two m on ths. Twenty m ice were u se d  f o r  t h i s  

p u rp o se , (b ) i n t r a - p e r i t o n e a l  in o c u la t io n  o f  0 .2 6  

m l. o f  a  10*"^ su sp e n s io n  o f  norm al mouse l i v e r  

fo llo w ed  b y  exposu re  to  th e  c o ld  environm ent f o r  

one m onth. T h i r ty  m ice v/ere t r e a t e d  in  t h i s  way. 

Ko d e a th s  o c c u rre d  in  e i t h e r  g ro u p .

I t  sh o u ld  b e  n o te d  t h a t  m ice a re  ca p ab le  o f  

re p ro d u c tio n  a t  te m p e ra tu re s  lo w er th a n  th o s e  u sed  

h e r e .  L a u r ie  (1946) h as  o b se rv ed  t h a t  th e  house 

m ouse, Mus m usculus L . ,  can  b re e d  in  c o ld  s to r e s  

k e p t p e rm an en tly  a t  w e ll  below  0 °C . B a rn e t t  and 

Manly (1964) have shown t h a t  la b o r a to r y  m ice a r e  

a b le  to  make a  p h y s io lo g ic a l  a d a p ta t io n  to  tem per­

a tu r e s  below  f r e e z in g - p o in t  w ith o u t m a jo r lo s s  o f  

f e r t i l i t y  • T h e ir  c ag es  w ere in  f a c t  in  a  room k e p t 

a t /



a t  -2 °C . t o  -4 °C .
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F ig u re  1 9 . -  th e  d a ta  o f  F x p erim en ts  lOA
( w n a  en v iro m ie n t)  and IOC (c o ld  e n v iro n m e n t) . 
O rd in a te s  in d ic a t e  th e  number o f  m ice (o u t o f  16) 
s u rv iv in g  a t  d i f f e r e n t  p e r io d s  o f  tim e  a f t e r  
i n f e c t io n  ( a b s c i s s a e ) .  Large n u m era ls  I n d ic a te  
lo g .  dose o f  v i r u s .



■ EXPERIMENT 

O b je c ts -  to  show t h a t  th e  e f f e c t  o f  th e  c o ld  

environm ent on th e  I n f e c t i v i t y  o f  e c tro m e lia  v i r u s  

i n  m ice can  b e  p re v e n te d  b y  th e  p r i o r  ad m in is tra tio j( i 

o f  s p e c i f i c  immune serum .

P esiflR . Two g ro u p s o f  te n  m ice were u s e d . On th e  

day b e fo re  i n j e c t i o n  o f  th e  v i r u s ,  one group  

r e c e iv e d  by  i n t r a - p e r i t o n e a l  i n j e c t i o n  0 .5  m l. o f  

th e  hyperimmune v a c c in ia  a n ti-s e ru m  t h a t  vias em­

p lo y ed  in  th e  n e u t r a l i s a t i o n  t e s t s  i n  c h ic k  embryos 

(se e  page 36)* The o th e r  group  was g iv e n  th e  same 

amount o f  norm al r a b b i t  serum b y  th e  same r o u t e .

Mice o f  b o th  g ro u p s  were in f e c te d  b y  i n t r a - p e r i t o n ­

e a l  i n j e c t i o n  o f  0 .2 6  m l. o f  a  10*^ su sp en sio n  

o f  i n f e c t iv e  mouse l i v e r .  A l l  th e  m ice were th e n  

t r a n s f e r r e d  to  th e  c o ld  en v iro n m en t.

R e s u l t s . 1Î0 d e a th s  o c c u rre d  d u r in g  a  p e r io d  o f  

one month fo llo w in g  in f e c t io n  in  th e  group g iv e n  

immune serum , w hereas a l l  t e n  m ice p r e - t r e a t e d  w ith  

no im al r a b b i t  serum succumbed w ith in  n in e  days 

fo llo w in g  i n f e c t i o n .

I n t e r p r e t a t i o n . The in c re a s e d  m o r ta l i ty  shown in  

E xperim ent 5 in  th e  c o ld  environm ent i s  s p e c i f ic a l ly  

r e l a t e d  to  th e  v i r u s  u se d  s in c e  d e a th s  a t  t h i s  tem ­

p e r a tu r e  c a n  b e  p re v e n te d  by  th e  p r i o r  a d m in is tra tic jn  

o f  immune serum .
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EXPERIMENT 6 

O b je c ts -  to  exam ine th e  m ethod o f  in tra v e n o u s  

in o c u la t io n  o f  th e  v i n i s  in  th e  c o ld  and th e  wazm 

e n v iro n m e n ts .

D e s to x . The same p o o l o f  v i r u s  a s  t h a t  u se d  in  

E xperim ent 6 was p re p a re d  and th e  experim en t i s  

e s s e n t i a l l y  th e  same in  t h a t  p a r a l l e l  t i t r a t i o n s  

w ere c a r r i e d  o u t u s in g  g ro u p s  o f  f iv e  m ice and 

e ig h t  s im i la r  d i l u t i o n s  o f  v i r u s  in  each  o f  th e  

en v iro n m e n ts , th e  o n ly  d i f f e r e n c e  b e in g  t h a t  th e  

v i i u s  v/as g iv e n  in tr a v e n o u s ly  in  0 .2  m l. am ounts. 

R e s u l t s . As in  E xperim ent 5 a  s im i la r ly  s t r i k i n g  

d i f f e r e n c e  was seen  in  th e  50 p e r  c e n t ,  l e t h a l  dose 

e n d - p o in ts .  The g rap h  o f  th e  r e s u l t s  i s  ^ o w n  in  

B 'igure SO (page 66)» The c a lc u la te d  t i t r e s  were 

10*6*17 th e  c o ld  en v iro n m a it and  10*'^ • ̂ 7 th e  

warm e n v iro n m en t. The a c tu a l  r e s u l t s  on which theaja 

f ig u r e s  a r e  b a se d  a r e  shown in  th e  m o r ta l i ty  t a b le  

i n  th e  ap p en d ix  (page 129) •
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F ig u re  2 0 . -  G raph o f  cu m u la tiv e  m o r ta l i t ie B  
io n B tz^ c ted  ATom th e  r e s u l t s  o f  E xperim ent 6 . The 
60% l e t h a l  dose e n d -p o in t i s  shoim in  each  ca se  
«here  l i k e  l i n e s  i n t e r s e c t .  The a c tu a l  m o r t a l i t i e s  
on iS iich  t h i s  g rap h  i s  b a s e d  a re  shown in  th e  
ap p e n d ix .



O b je c t î -  to  compare th e  s u s c e p t i b i l i t y  o f  g ro u p s 

o f  m ice a d a p te d  to>m b i r t h  and u n ad ap ted  to  th e  

c o ld  en v iro n m en t.

M ethods. Twelve a d u l t  fem a les  w ere m ated and,vàien 

th e y  p roved  to  b e  p r e n a n t ,  t r a n s f e r r e d  to  th e  o o ld  

en v iro n m en t. To p ro v id e  f b r  n e s t in g  th e  b o x es were 

f u rn is h e d  w ith  c o t to n  wool which was removed when 

th e  l i t t e r s  w ere t e n  days o ld .  In  t h i s  way, 

tM r t y f o u r  an im a ls  were o b ta in e d  from  th e  l i t t e r s  

bona and v/ere u se d  f o r  ex p erim en t when th e y  w ere 

ap p ro x im a te ly  f iv e  to  s ix  weeks o ld  a t  which tim e 

t h e i r  w e ig h ts  v a r ie d  from  14 to  17 grammes. These 

a r e  r e f e r r e d  to  a s  m ice b o rn  and r e a r e d  in  th e  c o ld  

en v iro n m en t.

D e s ig n . P a r a l l e l  t i t r a t i o n s  w ere c a r r i e d  o u t u s in g  

th e s e  m ice f o r  one g ro u p . The o th e r  g ruup  con­

s i s t e d  o f  m ice o f  s im i la r  age and w eig h t w hich had 

b een  b o m  and r e a r e d  a t  room te m p e ra tu r e . The 

l a t t e r  g roup  o f  m ice was c:jQ>osed to  th e  c o ld  e n v i­

ronm ent on th e  day o f  i n f e c t io n  w h ile  th e  fo n a e r  

g ro u p  o f  m ice was in f e c te d  on th e  same day and 

r e tu m e d  to  th e  c o ld  env ironm ent im m ed ia te ly  

fo llo w in g  th e  i n j e c t i o n .

The p o o l o f  v i r u s  u se d  was th e  same a s  t h a t  

employed in  E xperim en ts 5 and 6 . F iv e  d i l u t i o n s  o f  

v i r u s  w ere t e s t e d  in  g ro u p s o f  s ix  m ice in  each 

c a s e . T h e /
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The in j e c t io n s  were c a r r i e d  o u t i n t r a - p e r i t o n e a l l y  

u s in g  0 .2 5  m l. am ounts. The rem ain in g  fo u r  m ice 

w hich had  b een  b o m  and r e a r e d  in  th e  co ld  en v iro n ­

m ent were n o t  in o c u la te d  b u t  were k e p t in  th e  c o ld  

environm ent and ap p eared  norm al th ro u g h o u t th e  

c o u rse  o f  th e  ex p e rim en t.

R e s u l t s . The t i t r e s  i n  each  c a se  were v i r t u a l l y  

th e  sam e. The c a lc u la te d  50 p e r  c e n t ,  l e t h a l  dose 

e n d -p o in ts  were 10*6 .2 8  and io * 6 .1 7  ̂ a c tu a l

r e s u l t s  on w hich th e s e  f ig u r e s  a r e  b a se d  a r e  shown 

i n  th e  m o r ta l i ty  t a b l e  in  th e  append ix  (page 1 3 0 ). 

I n t e r p r e t a t i o n  * Mice b o m  and r e a r e d  in  th e  c o ld  

environm ent sire q u i t e  a s  s u s c e p t ib le  to  th e  en­

h an c in g  e f f e c t  o f  th e  th e  co ld  environm ent a s  m ice 

exposed to  t h a t  env ironm ent on th e  day o f  in o c u la ­

t i o n  w ith  th e  v i r u s .
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EîCPEiïlBMC 8 

O b jec t î -  to  exam ine th e  e f f e c t  o f  a  s m a lle r  

d i f f e r e n c e  i n  en v iro n m en ta l te m p e ra tu re  th a n  t h a t  

u se d  in  th e  p re v io u s  e x p e rim e n ts .

D esiim . T hree g ro u p s o f  f i f t y  m ice each were 

u s e d . These were in je c te d  w ith  th e  same p o o l o f  

v i r u s  u sed  in  E xperim en ts 6 and 6 d i lu t e d  so a s  to  

k i l l  o n ly  a sm a ll p ro p o r t io n  o f  an im als  in  th e  

warm en v iro n m en t. The a c tu a l  dose o f  v i r u s  b e in g

0 .2 5  m l. o f  a  10*6 d i l u t i o n  o f  in f e c te d  l i v e r  givejn 

i n t r a p e r i t o n e a l l y .

'Three en v iro n m e n ta l te m p e ra tu re s  w ere s tud ied ,

1 . e .  680 to  72® F., 54° to  S8° F . and 43®F. As in

E xperim en ts 5 and 6 th e  m ice were t r a n s f e r r e d  tran  

th e  s to c k  an im al house ( th e  te m p e ra tu re  o f  which 

v a r ie d  from  68^ to  74®F .)  to  th e  e x p e rim e n ta l 

env ironm en ts on th e  same d ay  a s  th e y  were in j e c t e d  

w ith  th e  v i r u s  in f e c te d  l i v e r  su sp e n s io n .

R e s u l ts  » In  th e  g roup  k e p t a t  68°  to  72®F. n in e  

o f  th e  f i f t y  m ice i n j e c t e d  d ie d ;  in  th e  g roup  k e p t 

a t  54® to  58°F . s ix te e n  m ice d ie d  and in  th e  group  

k e p t a t  43®F. t h i r t y - f i v e  o f  th e  m ice d ie d .  

I n t e r p r e t a t i o n . These r e s u l t s  su g g e s t a  d i r e c t  

r e l a t i o n s h i p  betw een  th e  p e rc e n ta g e  m o r ta l i ty  and 

th e  d eg ree  o f  c o o lin g  to  which th e  m ice w ere ex­

posed  fo llo w in g  i n f e c t i o n .  Hov/ever th e r e  i s  no 

s i g n i f i c a n t  d i f f e r e n c e  betw een  a  ta k e  o f  9 /50  a s  

a g a in s t  a  ta k e  o f  1 6 /5 0 . On th e  o th e r  hand th e  

d i f f e r e n c e /



d i f f e r e n c e  b etw een  a  ta k e  o f  16 /50  and a  ta k e  o f  

35 /50  i s  h ig h ly  s i g n i f i c a n t  (p < 0 .0 0 1 ) .

As h a s  a l r e a d y  b een  m en tio n ed , th e  u s u a l  

p e r io d  o f  o b s e rv a t io n  was t h r e e  weeks f o r  e x p e r i ­

m ents o f  t h i s  ty p e .  The s u rv iv o r s  from  th e  warm 

en v iro n m en ts  (680 to  72®F. and 54® to  58®F.) in  

E xperim en t 8 w hich had  su rv iv e d  f o r  t h i s  p e r io d  

w ere s e v e n ty - f iv e  i n  num ber. These m ice w ere 

c o l l e c t e d  and e x i^ s e d  to  th e  c o ld  env ironm ent f o r  

a  f u r t h e r  p e r io d  o f  th r e e  w eeks. No d e a th s  o c c u rre d  

i n  th e s e  a n im a ls  d u r in g  t h i s  p e r io d  o f  o b s e rv a t io n .  

I t  was th u s  d e s i r a b le  to  exam ine th e  e f f e c t  o f  

exp o su re  to  th e  c o ld  env ironm ent a t  s h o r t e r  i n t e r ­

v a l s  fo llo w in g  i n f e c t i o n .
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EXPEHIMENT 9

O b je c ts -  to  examine in  more d e t a i l  th e  tim e 

r e a l t i o n s  o f  th e  e f f e c t  d em o n stra ted  in  Experimentg 

5 and 6«

D esig n . The same dose o f  v i r u s  v;as u se d  a s  in  

E xperim ent 8 i . e .  0 .2 5  m l. i n t r a - p e r i t o n e a l l y  o f  

a  10“̂  d i l u t i o n .  Two g ro u p s o f  tw en ty  m ice were 

u s e d .  One o f  th e s e ,  g roup  A, was k e p t in  th e  warm 

env ironm ent f o r  fo u r te e n  days b e fo re  th e  day o f  

in o c u la t io n ,  when i t  was t r a n s f e r r e d  to  th e  c o ld  

en v iro n m en t. The o th e r ,  g roup  B , was k e p t in  th e  

c o ld  env ironm ent f o r  fo u r te e n  days b e fo re  th e  day 

o f  in o c u la t io n ,  when i t  was t r a n s f e r r e d  to  th e  

warm en v iro n m en t.

R e s u l t s . In  g roup  A e ig h te e n  o f  th e  tw en ty  m ice 

in j e c t e d  d ie d  w hereas i n  group  B o n ly  th r e e  m ice 

succum bed. From th e s e  r e s u l t s  i t  a p p e a rs  t h a t  

exposure  to  th e  c o ld  environm ent p r i o r  to  i n f e c t i e r l 

v /ith  th e  v i r u s  i s  i n e f f e c t i v e .

The e f f e c t  o f  exposu re  to  th e  c o ld  environm ent 

a t  s h o r te r  p e r io d s  a f t e r  in f e c t io n  v/as n e x t  in v e s t ­

ig a te d  .

D es im i. G roups o f  tw en ty  m ice were u se d  and thesei 

were i n j e c t e d  w ith  th e  same dose o f  v i r u s  a s  in  

E xperim ent lOA and  lOB. T hree such g ro u p s were 

k e p t in  th e  warm env ironm ent and in f e c te d  on th e  

same d ay . The f i r s t  g roup  (group  C) was t r a n s f e r r 4  

to  th e  c o ld  environm ent on th e  t h i r d  day fo llo w in g  

i n f e c t i o n /

71



i n f e c t i o n .  The second  g ro u p  (g ro u p  D) vms t r a n s ­

f e r r e d  on th e  s i x t h  day fo llo w in g  in f e c t i o n  and th e  

th i r d ,  g ro u p  (g ro u p  E) on th e  n in th  day fo llo w in g  

i n f e c t i o n .

R e s u l t s . I n  g ro u p  C f o u r te e n  o f  th e  m ice d ie d  

w i th in  a  p e r io d  o f  t h r e e  w eeks, w hereas i n  g ro u p s  

D and E o n ly  one mouse and f o u r  m ic e , r e s p e c t iv e ly ,  

d ie d  d u r in g  th e  same le n g th  o f  t im e .

I n te i* p r e ta t io n . T here  i s  no s i g n i f i c a n t  d i f f e r e n c e  

b e tw een  th e  tadces o f  1 ,  3 o r  4  o u r  o f  2 0 , (g ro u p s  

9B and  9E) o r  b e tw een  ta k e s  o f  14 and 18 o u t o f  2 0 , 

(g ro u p s  9C and  9A ). On th e  o th e r  h an d , th e  d i f f e r ­

ence b etw een  a  ta k e  o f  14 /20  and  4 /2 0  i s  h ig h ly  

s i g n i f i c a n t  ( p ^ . O l ) .  From th e s e  r e s u l t s  i t  i s  

c l e a r  t h a t  m ice m ust b e  p r e s e n t  in  th e  c o ld  e n v iro n  

m ent a t  l e a s t  d u r in g  th e  f i r s t  t h r e e  days fo llo w in g  

i n f e c t i o n  and  t h a t  ex p o su re  o n , o r  a f t e r ,  th e  s ix th  

p o s t - i n f e c t i o n  day i s  i n e f f e c t i v e ,  a t  any  r a t e  w ith  

th e  p r e s c r ib e d  dose o f  v i r u s  u s e d .
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EÜPSIÜXIKNT 10

O b je c t : -  to  examine th e  e f f e c t  o f  th e  a d m in is t r a ­

t i o n  o f  c o r t i s o n e  on th e  i n f e c t i v i t y  o f  th e  v i r u s .  

C o r tiso n e  i s  know to  a f f e c t  th e  outcome o f  many 

i n f e c t i o n s .  I t  a l s o  seemed l i k e l y  t h a t  th e  e f f e c t  

o f  exposing  mice to  a  c o ld  environm ent m igh t b e  

t h a t  o f  a  s t r e s s  p ro d u c in g  a g e n t ,  c a u s in g  e x c e ss iv e  

s e c r e t io n  o f  a d r e n o - c o r t ic a l  s t e r o i d s .  I t  i s  known 

how ever, t h a t  w h ile  in j e c t e d  c o r t i s o n e  w i l l  enhance 

s e v e r a l  i n f e c t io n s  i n  m ic e , s t im u la t io n  o f  th e  

m ouse’ s own a d r e n o - c o r t i c a l  f u n c t io n  w ith  in j e c t e d  

ACTH i s  n o t  u s u a l ly  e f f e c t iv e  (Southam and B abcock, 

1951; K ass e t  g l . , 1 9 5 4 ).

M ethods. C o r tis o n e  a c e ta t e  was u se d  (" C o r to n e " , 

M erck) and t h i s  \m s g iv e n  d a i ly  b y  in tra rm isc u la r  

i n j e c t i o n .  From th e  f ig u r e s  o f  P a t r ic k  (1955) a  

dose o f  2 mg. p e r  100  gms* body  w eig h t p e r  day 

was s e le c te d  f o r  th e  p r e s e n t  p u rp o se . Im m ediate ly  

b e fo re  u s e ,  th e  su sp e n s io n  was d i lu t e d  w ith  n in e  

tim e s  i t s  volume o f  norm al s a l in e  s o lu t io n  and 

h o m o n a l t r e a tm e n t  was begun  one day b e fo re  ad m in i­

s t r a t i o n  o f  th e  v i r u s .

D e s ig n . G roups o f  s ix te e n  m ice were u se d  in  each 

c a s e .  In  E xperim en ts lOA, lOB and IOC fo u r  d ilu tio iji  

o f  v i r u s  v/ere a d m in is te re d  i n t r a - p e r i t o n e a l l y  in  

th e  u s u a l  way, th e  a c tu a l  d i l u t i o n s  b e in g  10* ^ ,

1 0 "^ , 10*6  and 10"6 . I n  E xperim ent lOD one group  o:ü 

s ix te e n  m ice was g iv e n  th e  hormone b u t  no v i r u s .
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E xperim ent lOA. Four g ro u p s  o f  s ix te e n  m ice 

w ere g iv e n  v i r u s  and m a in ta in e d  in  th e  warm environ-j- 

m ent t h e r e a f t e r .

Hbcperiment lOB. F our g ro u p s  o f  s ix te e n  m ice 

w ere g iv e n  c o r t i s o n e  d a i l y ,  th e  i n j e c t i o n s  b e in g  

s t a r t e d  on th e  day p r i o r  to  i n f e c t i o n .  A d m in is tra ­

t i o n  o f  th e  v i r u s  was c a i r i e d  o u t on th e  same day 

a s  in  E xperim ent lOA and th e  m ice w ere k e p t t h e r e ­

a f t e r  in  th e  warm en v iro n m e n t.

E xperim ent IOC. F ou r g ro u p s  o f  s ix te « a  m ice 

w ere g iv e n  v in z s  and th e n  exposed to  th e  c o ld  

en v iro n m en t, th e  i n f e c t io n  b e in g  c a rr ie d , o u t on th e  

same day a s  i n  E xperim en ts  lOA and 1C©.

R e s u l t s . I t  sh o u ld  b e  em phasised  t h a t  th e  m ice 

u se d  in  t h i s  ex perim en t were g iv e n  c o r t i s o n e  up to  

th e  l i m i t  o f  t h e i r  t o l e r a n c e , ! . e .  to w ard s th e  end 

o f  th e  d u r a t io n  o f  th e  ex p e rim en t, A?om th e  tw i th  

day onwards, th e  w e ll  known s ig n s  o f  c o r t i s o n e  o v e r­

dosage w ere a p p a re n t (p en d u lo u s abdomen, a tro p h y  o f  

th e  m u sc les  o f  th e  b a c k , e t c . ) .  These s ig n s  were 

e v id e n t in  th e  c o n t r o l  g roup  (E xperim ent lOD) g iv e n  

hormone a lo n e ,  a s  w e ll  a s  in  th e  s u rv iv o r s  o f  th e  

ex p e rim e n ta l g roup  (E xperim ent lOB ) .

The r e s u l t s  o f  th e  t i t r a t i o n  a r e  shown in  th e  

form  o f  a  g rap h  (F ig u re  2 1 , page 7 5 )  from  w hich i t  

can  be  seen  t h a t  th e r e  i s  no s i g n i f i c a n t  d i f f e r e n c e  

in  t i t r e  betw een  m ice k e p t in  th e  environm ent

and th o s e  k e p t i n  th e  waim environm ent and g iv e n  

c o r t i s o n e  -
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F ig u re  2 1 . -  Graph o f  cu m u la tiv e  m o r t a l i t i e s  
c o n s tru c te d  from  th e  r e s u l t s  o f  E xperim ent 1 0 . !Hie 
50% l e t h a l  dose e n d -p o in t shown in  each  c a se  where 
l i k e  l i n e s  i n t e r s e c t .  The a c tu a l  m o r t a l i t i e s  on 
which t h i s  g rap h  i s  b a se d  a r e  shown i n  th e  append ix  
The 50% l e t h a l  dose e n d -p o in t i n  th e  c o ld  e n v iro n ­
ment i s  n o t  in c lu d e d  w ith in  th e  dose ran g e  u sed  
h e re  b u t  i s  o b v io u s ly  g r e a t e r  th a n  10*^.
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EXPERIMKt̂ r 11 

Ob.iect ?- to  exam ine th e  e f f e c t  o f  th e  c o ld  e n v iro n -

76

cient on th e  g row th  r a t e  o f  norm al m ic e . In  p re c e d ln  

ex p e rim en ts  i t  had  b een  n o te d  t h a t  m ice k e p t in  

c o n t r o l  g ro u p s  in  th e  c o ld  env ironm ent ap p ea red  to  

e a t  more o f  th e  d i e t  o f f e r e d  tiia n  th o s e  k e p t in  th e  

warm en v iro n m en t. In  o rd e r  to  check t h i s  o b se rv a ­

t i o n  th e  fo llo w in g  t e s t  was c s tr r ie d  o u t .

M ethod. Twenty m ice were u s e d .  They were o f  th e

same age and a p p ro x im a te ly  o f  th e  same w eig h t a s  

th o s e  u se d  in  th e  p re c e d in g  e x p e rim e n ts , i . e .  

r e c e n t ly  weaned an im a ls  w eigh ing  ab o u t 16 gms. The] 

were housed  in  th e  u s u a l  b oxes in  g ro u p s o f  f iv e  anc 

each  g roup  v/as v/eighed once d a i ly  d u r in g  th e  ex p e r­

im e n t. Ten m ice were m a in ta in e d  in  th e  warm e n v i r ­

onment f o r  a  p e r io d  o f  te n  d a y s , w h ile  th e  rem a in in g  

te n  an im a ls  were k e p t in  th e  c o ld  en v iro n m en t.

These an im a ls  were n o t  in f e c te d  and ap p ea red  norm al 

th ro u g h o u t. T h is  p e r io d  o f  o b s e rv a tio n  was s e le c te e  I 

s in c e  i t  in c lu d e d  th e  tim e  i n t e r v a l  d u r in g  which 

th e  en liancing  e f f e c t  o f  th e  c o ld  env ironm ent on th e  

i n f e c t i v i t y  o f  th e  v i r u s  had b een  d e m o n s tra te d . Th<fe 

u s u a l  d i e t  in  th e  form  o f  cubes was o f f e r e d  (D ie t 4+) 

b u t  th e  amount g iv e n  to  each  g roup  was w eighed . No 

a tte m p t v/as made to  r e s t r i c t  th e  fo o d  o r  v /a te r  

i n t a k e .

f ï e s u l t s .  The r e s u l t s  a r e  shown in  th e  form  o f  a

g rap h  (F ig u re  2 2 , page 78) wlilch r e l a t e s  th e  food  

i n t a k e /
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I in ta k e  to  th e  g row th  c u rv e s  in  th e  two environm ents 

I I t  can  b e  seen  t h a t  w h ile  th e  r a t e  o f  w e ig h t g a in  

I  i s  l e s s  in  th e  c o ld  en v iro n m en t, th e  amount o f  food
I

e a te n  i s  s l i g h t l y  g r e a te r #  T ld s  su g g e s ts  t h a t  th e  

m e tab o lic  r a t e  o f  m ice in  th e  c o ld  environm ent i s  

much in c r e a s e d .  I t  i s  p ro b a b le  t h a t  t h i s  i s  due to  

in c re a s e d  th y r o id  a c t i v i t y  u n d e r  th e s e  c irc u m sta n c e s
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F ig u re  2 2 . -  From th e  r e s u l t s  o f  Eb^periment 11 
th e  o r d in a te s  In  th e  u p p e r  p a r t  o f  th e  f ig u r e  
in d ic a te  th e  am ounts o f  fo o d  e a te n  b y  g ro u p s o f  
t e n  mice on each  su cceed in g  day ( a b s c is s a e  ; . a f t e r  
exposure  to  th e  e x p e rim e n ta l en v iro n m e n ts . The 
lo w er p a r t  o f  th e  f ig u r e  shows a  g rap h  o f  th e  w eig^  
g a in s  f o r  each  g roup  o f  te n  m ice ( o rd in a te s )  on each 
su cceed in g  day ( a b s c is s a s )  a f t e r  exposure  to  th e  
e x p e rim e n ta l en v iro n m e n ts .

78



EXPERBIEd^T 12 

O b je c t : -  t o  examine th e  e f f e c t  o f  th y r o id  e x t r a c t  

on th e  i n f e c t i v i t y  o f  th e  v i r u s .

PesiCTL and L lethods. T hree p a r a l l e l  t i t r a t i o n s  o f  

i n f e c t i v i t y  v/ere c a r r i e d  o u t .  In  E xperim en ts 12A, 

12B and 12C. e ig h t  te n f o ld  d i l u t i o n s  o f  v i r u s  v/ere 

in j e c t e d  i n t r a p e r i t o n e a l l y  in  th e  u s u a l  way5 th e  

a c tu a l  d i l u t i o n s  b e in g  from  1 0 -2  to  1 0 "^ . Groups 

o f  s ix  m ice were u se d  in  each c a s e .  In  E xperim ent 

12D one g roup  o f  tw e lv e  m ice v/as g iv e n  hormone 

v d th o u t v i r u s .

E xperim ent 12A. T h is  exp erim en t v/as c a r r i e d  

o u t a s  ab o v e , th e  m ice b e in g  k e p t in  a warm e n v iro n  

m en t. The an im a ls  r e c e iv e d  0 .8  p e r  c e n t ,  s a l in e  

s o lu t io n  a s  d r in k in g  f l u i d .

E xperim ent 12B. I h i s  g roup  was a ls o  n m in ta in e^  

i n  th e  warm en v iro n m en t. They re c e iv e d  a s o lu t io n  

( a ls o  in  0 .8  p e r  c e n t .  NaCl) o f  0 .0 5  p e r  c e n t ,  

th y r o id  e x t r a c t  B .P . The th y r o id  e x t r a c t  ixaed was 

s t a t e d  to  c o n ta in  n o t  l e s s  th a n  0 .0 9  p e r  c e n t ,  and 

n o t  HK>re th a n  0 .1 1  p e r  c e n t ,  io d in e .  T h is  concen­

t r a t i o n  v/as s e le c te d  on th e  b a s i s  o f  th e  work o f  

Dubos (1955) who u se d  th y r o id  e x t r a c t  in  th e  manner 

d e s c r ib e d  h e re  and showed t h a t  m ice th u s  t r e a t e d  

succumbed more q u ic k ly  th a n  c o n t r o ls  when in f e c te d  

v /ith  s ix  s t r a i n s  o f  th e  tu b e r c le  b a c i l l u s .

E xperim ent 12C. In  t h i s  c a se  th e  t i t r a t i o n  

was c a r r i e d  o u t i n  m ice m a in ta in e d  in  th e  c o ld  

e n v iro n m en t. T hey /
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They a ls o  re c e iv e d  0 .8  p e r  c e n t ,  s a l in e  s o lu t io n  a s  

d r in k in g  f l u i d .

rxperixnen t 12D. T h is  c o n s is te d  o f  a  g roup  o f  

tw e lv e  m ice w hich were k e p t in  th e  warm environm ent 

and re c e iv e d  a  s o lu t io n  o f  0 .0 6  p e r  c e n t ,  th y r o id  

e x t r a c t  B .P . i n  0 .8  p e r  c e n t ,  s a l in e  s o lu t io n  a s  

d r in k in g  f l u i d .  These an im a ls  were n o t  in j e c t e d  w ith  

v i r u s  and no d e a th s  o c c u rre d  in  t h i s  g ro u p .

R e s u l t s . The cu m u la tiv e  m o r t a l i t i e s  a re  shown in  

th e  form  o f  a  g rap h  (F ig u re  2 3 , page 8 1 ) , from 

w hich i t  can  he seen  t h a t  th e  a d d i t io n  o f  th y r o id  

e x t r a c t  in  t l i i s  way ap p e a red  to  enhance th e  t i t r e  

o f  th e  v i r u s .  The c a lc u la te d  LD50 in  th e  waim 

environm ent (E xperim ent 12A) b e in g  10'""  ̂ w h ile  

t h a t  in  th e  warm environm ent w ith  th e  a d d i t io n  o f  

th y r o id  e x t r a c t  was 1 0 -5 .4 ,  The m o r ta l i ty  in  

E xperim ent 12C f e l l  o u tw ith  th e  ran g e  o f  th e  LD50 

a s  can  be  seen  from  th e  g ra p h .

The d i f f e r e n c e  betw een  an ID50 o f  1 0 -4 .1 7  and 

and LD5G o f  10""^ *4 ±q n o t  in  i t s e l f  s t a t i s t i c a l l y  

s i g n i f i c a n t ,  and in  any ca se  does n o t  app roach  t h a t  

p roduced  b y  th e  same dosages o f  v i r u s  in  th e  c o ld  

en v iro n m e n t.
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F ig u re  2 3 . -  Graph o f  cu m u la tiv e  m o r t a l i t i e s  
B o n s tru c ted  from  th e  r e s u l t s  o f  E xperim ent 1 2 . The 
50^ l e t h a l  dose e n d -p o in ts  a re  shomi in  each  c a se  
idiere l i k e  l i n e s  i n t e r s e c t .  The a c tu a l  m o r t a l i t i e s  
□s wMch t h i s  g rap h  i s  b a se d  a r e  shovm in  th e  
ap p en d ix , page 130.



TI-iE II-ireCTIVITY OF LIVER SüSPEIISIQlTS

The a p p a re n t enhancing  e f f e c t  o f  th e  c o ld  

env ironm ent may be  due to  one o r  b o th  o f  two main 

c a u s e s ,  n am e ly :-

(a )  an  in c re a s e d  s u s c e p t i b i l i t y  to  th e  a c t io n  
o f  th e  v i r u s  i n  m ice k e p t in  th e  c o ld  
c o n d i t io n s  o r

(b ) an  in c re a s e d  growth o f  v i r u s  in  th e  m ice 
k e p t a t  th e  lo w er te m p e ra tu re .

To d i s t in g u i s h  betw een  th o s e  p o s s i b i l i t i e s ,  

th e  fo llo w in g  ex p erim en t was c a r r i e d  o u t .

M ethods. Two g ro u p s o f  f iv e  m ice were each 

in j e c t e d  w ith  th e  same amount o f  v i r u s  (0 .2 5  m l.)  o f  

a  10"^ d i l u t i o n  o f  mouse l i v e r  su sp e n s io n . T h is  

dose was s e le c te d  to  show c l e a r l y  th e  d i f f e r e n c e s  

a l r e a d y  d e s c r ib e d .  One o f  th e s e  g ro u p s was t r a n s ­

f e r r e d  to  th e  c o ld  environm ent (a p p ro x im a te ly  43®F. 

fo llo w in g  i n j e c t i o n ,  w h ile  th e  o th e r  was k e p t in  

th e  warm env ironm ent (ap p ro x im a te ly  75® F.). On th e  

f i f t h  day fo llo w in g  in f e c t io n  th r e e  o f  th e  m ice in  

th e  c o ld  env ironm ent were m oribund and th e s e  were 

s a c r i f i c e d  b y  c e r v i c a l  d i s l o c a t io n .  A lthough none 

o f  th e  m ice in  th e  warm environm ent showed obv ious 

s ig n s  o f  i l l n e s s  a t  t h i s  t im e , th r e e  o f  them were 

s a c r i f i c e d .  The l i v e r s  o f  b o th  g ro u p s were 

c o l l e c te d  w ith  s t e r i l e  p re c a u t io n s  and v;eighed 

in d iv id u a l ly  a s  d e s c r ib e d  in  S e c tio n  1 .  The th r e e  

l i v e r s  from  th e  m ice in  th e  c o ld  environm ent were 

p o o le d /
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p o o le d  and g round  to g e th e r  v d th  s t e r i l e  sand  in  a  

m o r ta r .  The t i s s u e  v/as th e n  suspended  i n  10 p e r  

c e n t ,  h o rs e  serum b r o th  to  form  a  10 p e r  c e n t .  (w/v)| 

s u s p e n s io n . The th r e e  l i v e r s  from  th e  m ice k e p t 

i n  th e  warm env ironm ent w ere s im i l a r ly  t r e a t e d .

The su sp e n s io n s  so p re p a re d  w ere th e n  t i t r a t e d  in  

m ice u s in g  th e  Reed and lâiench (1938) m ethod o f  

c a l c u l a t i n g  th e  LD50. F o r t h i s  t i t r a t i o n  s ix  

g ro u p s  o f  f i v e  m ice w ere u se d  in  each  c a se  and 

th e s e  a n im a ls  v/ere in f e c te d  i n t r a p e r i t o n e a l l y  

u s in g  s ix  t e n f o ld  d i l u t i o n s  o f  th e  i n i t i a l  l i v e r  

s u s p e n s io n . They w ere m a in ta in e d  i n  th e  c o ld  

env ironm ent fo llo w in g  i n f e c t i o n .

R e s u l t s . The LD50 o f  th e  mouse l i v e r  su sp e n s io n

from  an im a ls  m a in ta in e d  in  th e  warm env ironm ent 

fo llo w in g  in f e c t io n  was in  f a c t  h ig h e r  (LD50 =

2Q -G .4) t jia n  t h a t  i n  th e  m ice k e p t  i n  th e  c o ld  

env ironm ent fo llo w in g  in f e c t io n  (LD50= 10*^* ^ ) .

A second  ex p erim en t was c a r r i e d  o u t u s in g  th e  

same m ethods a s  th o s e  above d e s c r ib e d -  Two g ro u p s 

o f  m ice ( th r e e  m ice i n  each g ro u p ) w ere i n j e c t e d  w ith  

th e  same amount o f  v i r u s  (0 .2 5  m l. o f  a  10“^ d i l u t i c n  

o f  mouse l i v e r  s u s p e n s io n ) .  One g roup  o f  t h r e e  m ice 

was t r a n s f e r r e d  to  th e  c o ld  env ironm ent fo llo w in g  

i n f e c t i o n ,  w h ile  th e  o th e r  g roup  v/as k e p t in  th e  

v/arm en v iro n m en t. One mouse o f  each  g roup  v/as 

s a c r i f i c e d  on th e  second  day a f t e r  i n f e c t i o n .  The 

l i v e r s  w ere c o l l e c t e d  w ith  s t e r i l e  p r e c a u t io n s  and 

w eig h ed . They w ere th e n  t r a n s f e r r e d  to  a  deep­

f r e e z e /



<3eep~freeze c a b in e t  a t  -SO^C. The same p ro ced u re  

was fo llo w ed  w ith  one mouse o f  each  group  on th e  

t h i r d  and f o u r th  days fo llo v d n g  i n f e c t i o n .

10 p e r  c e n t ,  (w /v) d is p e n s io n s  in .  10 p e r  c e n t ,  

h o rs e  serum , p re p a re d  from  th e  l i v e r s  o f  each mouse 

s a c r i f i c e d  on th e  second day a f t e r  i n f e c t i o n ,  v/ere 

t i t r a t e d  in  m ice a s  b e f o r e .

S im ila r  su sp e n s io n s  from  th e  l i v e r s  o f  each 

mouse s a c r i f i c e d  on th e  t h i r d  day a f t e r  in f e c t io n  

were t i t r a t e d  in  m ice a f 't e r  one m onth’s s to ra g e  in  

th e  d e e p -f re e z e  c a b in e t  a t  -SO^C.

The su sp e n s io n s  o f  th e  l i v e r s  o f  each  mouse 

s a c r i f i c e d  on th e  f o u r th  day a f t e r  i n f e c t io n  v/ere 

s im ilE irly  p re p a re d  and t i t r a t e d  i n  m ice a f t e r  t e n  

weeks* s to ra g e  a t  -20®C.

R e s u l t s . The r e s u l t s  o f  th e s e  t i t r a t i o n s  a re  

shown in  th e  accom panying t a b l e  (F ig u re  2 4 , page 85) 

from  w hich i t  can  be  seen  t h a t  th e  t i t r e s  o f  v i r u s  

in  th e  l i v e r s  o f  m ice k e p t i n  tl ie  c o ld  environm ent 

and s a c r i f i c e d  on th e  second , t h i r d  o r  f o u r th  day 

follovdLng in f e c t io n  ap p ea r to  be s l i g h t l y  h ig h e r  

in  each c a se  th a n  th e  co rre sp o n d in g  t i t r e s  from 

th e  l i v e r s  o f  m ice k e p t in  th e  warm en v iro n m en t.

I t  sh o u ld  b e  p o in te d  o u t ,  how ever, t h a t  in  no case  

i s  th e  d i f f e r e n c e  s t a t i s t i c a l l y  s i g n i f i c a n t .
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Figure 34*
86

îîumber 
o f  m ice

O rig in  o f  
su sp e n s io n

L ength  o f  
s to ra g e  (-20°C *) LD50

1 2nd day (c o ld ) 7 days 10-3*2

1 2nd day (w am ) 7 days 1 0 -2 .8

1 3 rd  day (c o ld ) 1 month 1 0 -4 .1

1 3 rd  day (warm) 1 month 10-3 .9

1 4 th  day (c o ld ) 10 weeks 1 0 -4 .8

1 4 th  day (warm) 10 weeks 1 0 -4 .2

3 5 th  day (c o ld ) n o t  s to r e d 1 0 -5 .8

3 5 th  day (warm) n o t s to r e d IQ—6 .4

A l l  t i t r a t i o n s  w ere c a r r i e d  o u t in  m ice k e p t i n  th e  

c o ld  env ironm ent u s in g  s ix  d i l u t i o n s  o f  th e  i n i t i a l  

l i v e r  s u s p e n s io n s . F iv e  m ice v/ere u se d  to  t e s t  each 

d i l u t i o n .



E xam ination  f o r  2 .  co cco id e s  

The L component o f  MRV, o r i g i n a l l y  th o u g h t to  

b e  a  v i r u s ,  was i d e n t i f i e d  b y  N iv en , G le d h i l l ,  Dick 

and Andrev/es (1 9 5 2 ), a s  th e  mouse p a r a s i t e ,  E pery - 

th ro zo o n  c o c c o id e s , which i s  f i l t e r a b l e  and o ccu rs  

n a t u r a l l y  in  some s t r a i n s  o f  m ic e . T ran sm issio n  o f 

th e  p a r a s i t e  to  n o n - c a r r i e r s  i s  r e a d i ly  acc<xnplisha 

by  i n t r a - p e r i t o n e a l  i n j e c t i o n  o f  b lo o d . D e te c tio n  

o f  th e  o rgan ism  in  c a r r i e r  m ice i s  fav o u red  by  

sp lenectom y which i s  fo llo w e d , in  th r e e  o r  fo u r  

d a y s , b y  th e  ap p earan ce  o f  E perv th rozoon  co cco id e s  

in  th e  p e r ip h e r a l  b lo o d  Where i t  can  b e  dem onstra te  

i n  f i lm s  s ta in e d  by  G iem sa. I n f e c te d  m ice do n o t 

show any  s ig n s  o f  i l l n e s s  o r  o f  s p e c i f i c  p o s t ­

mortem ch a n g es .

S ince  th e  enhancing  e f f e c t  o f  a  c o ld  e n v iro n ­

m ent on th e  i n f e c t iv e  t i t r e  o f  th e  v i r u s  d e sc r ib e d  

in  t h i s  t h e s i s  was o f  th e  same o rd e r  a s  t h a t  shown 

b y  G le d h i l l  e t  g l .  (1955) f o r  E . co c co id e s  on th e  

t i t r e  o f  13HV in  w ean ling  m ice , i t  was o f  p a r t i c u l a i  

im portance  to  examine th e  s t r a i n  o f  m ice u se d  in  

th e  p r e s e n t  work f o r  th e  p re se n c e  o f  E . co cco id e s  

B lood f i lm s  showing numerous and d i s t i n c t i v e  

organ ism s were o b ta in e d  from D r. J a n e t  S . N iv en , 

o f  th e  N a tio n a l I n s t i t u t e  f o r  M edical R esea rch , 

m i l  H i l l ,  London.

A ttem p ts  w ere made to  d em o n stra te  th e  o rgan ise , 

in  G ie m sa -s ta in e d  f i lm s  o f  p e r ip h e r a l  b lo o d  ta k e n  

d a i l y /
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d a i l y  from  th e  c a u d a l  v e in s  o f  m ice  t r e a t e d  i n  th e  

m anner d e s c r ib e d  b e lo w :-

I In  each  c a s e  t h e  t h i n n e s t  f i lm s  w ere s e l e c t e d
I
I  and  v/ere a llo w e d  t o  d ry  i n  a i r .  They w ere th e n
I
I f i x e d  f o r  one m in u te  i n  methj^’l  a lc o h o l  an d  s t a i n e d  j 

o v e r n ig h t  i n  a  C o p lin  j a r  c o n ta in in g  a  1 i n  50 I 

d i l u t i o n  o f  G iem sa’ s s t a i n  They w ere n e x t  

d i f f e r e n t i a t e d  i n  d i s t i l l e d  ^ m te r ,  b l o t t e d ,  a l lo w e d

I t o  d ry  an d  exam ined u n d e r  th e  o i l - i i r a n e r s io n  l e n s  •

I B lood  f i lm s  made i n  t h i s  way w ere exam ined 

f ro m :-

( a )  f i v e  m ice  w h ich  h ad  b e e n  s p le n e c to m is e d  
f o u r  d a y s  p r e v io u s l y .

(b )  a t  l e a s t  t e n  m ice m oribund  a f t e r  i n f e c t i o n  
w ith  t h e  unknown v i r u s  and  k e p t  t h e r e a f t e r  
i n  a  c o ld  e n v iro n m e n t.

j .( c )  a t  l e a s t  t e n  m ice  m oribund  a f t e r  i n f e c t i  
w ith  t h e  unknovm v i r u s  an d  k e p t  t h e r e a f t e r  
i n  a  warm e n v iro n m e n t.

In  no  c a s e  w as i t  p o s s i b le  t o  d e m o n s tra te  t h e

o c c u r re n c e  o f  p a r a s i t e s  re s e m b lin g  E . c o c c o id e s .

a l th o u g h  a n  o c c a s io n a l  e r y th r o c y te  show ing e i t h e r  ^
I

p u n c ta te  o r  d i f f u s e  b a s o p h i l i a  was q u i t e  o f t e n  se en  

an d  i n  th e s e  c a s e s  p a r t i c u l a r l y  t h o r o u ^  s e a rc h  was 

m ad e .

X M e s s rs . H opkins an d  W il l ia m s .
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PQST-IvjDRmî AND HISTOLOGICAL EmiDIATIQNS 

The h i s t o l o g i c a l  ch a n g es  o c c u r r in g  i n  e c t r o -  

m e lia  a r e  w e l l  d o cu m en ted . C om prehensive a c c o u n ts  

o f  th e s e  ch an g es  h av e  b e e n  g iv e n  b y  L la rch a l (1930) 

and  F e n n e r  (1 9 4 9 ) .  I t  sh o u ld  b e  s t r e s s e d ,  h o w ev er, 

t h a t  th o s e  d e s c r i p t i o n s  a r e  l a r g e l y  b a s e d  on th e  

d i s e a s e  p ro d u ced  a f t e r  in t r a d e r m a l  in o c u la t io n  

t h a t  i s  I n d i s t i n g u i s h a b l e  from  n a t u r a l l y  a c q u ir e d  

m o u se -p o x . The p r e s e n t  s tu d i e s  w ere c a r r i e d  o u t  

on m ice i n f e c t e d  b y  i n t r a p e r i t o n e a l  i n j e c t i o n  o f  

th e  v i r u s  an d  r e v e a le d  a  p i c t u r e  w h ich  d i f f e r s  

c o n s id e r a b ly  from  t h a t  o b se rv e d  i n  t h e  n a t u r a l  

d i s e a s e .

The a p p e a ra n c e s  a t  n e c ro p s y  have  a l r e a d y  b e e n  

d e s c r ib e d  (p ag e  2 3 ) b u t  i t  sh o u ld  b e  n o te d  t h a t  I  

f i b r i n o u s  e x u d a te s  o r  a d h e s io n s  w ere n e v e r  a  *

f e a t u r e .  In  t l i i s  r e s p e c t  i t  i s  a l s o  im p o r ta n t  t o  j
I

o b se rv e  t h a t  th e  s u r v i v a l  t im e s  i n  f a t a l  c a s e s  | 

i n o c u la t e d  i n t r a p e r i t o n e a l l y  a r e  u s u a l l y  two o r  th r e e  

d a y s  l e s s  th a n  when th e  same d o se  o f  v i r u s  i s  ! 

i n o c u la t e d  i n t r a d e r m a l l y . j

L ia t e r ia l  an d  M e th o d s . The f o l lo w in g  a c c o u n t ! 

o f  th e  h i s t o l o g i c a l  c h a n g e s  i s  b a s e d  on th e  exam in­

a t i o n  o f  m a t e r i a l  from  m ice d y in g  in  E x p e r im e n ts  

3 t o  1 2 . N e c ro p s ie s  w ere c a r r i e d  o u t  on a l l  m ice 

w h ich  d ie d  i n  th e s e  e x p e r im e n ts ,  b u t  a u t o l y t i c  

ch an g es  w ere o f t e n  p r e s e n t  so t h a t  m a t e r i a l  was 

s e l e c t e d  f o r  h i s t o l o g i c a l  e x a m in a tio n  from  o n ly  a  

p r o p o r t io n  o f  t h e  a n im a ls .



89

The f i x a t i v e  m ost u s e d  v/as a l c o h o l - f o n n a l i n  

(10  p e r  c e n t ,  f o r m a l in  i n  60 p e r  c e n t ,  a l c o h o l )  

and  s e c t i o n s  w ere  r o u t i n e l y  s t a i n e d  b y  two m ethods 

( a )  h a e m a to x y lin  and  e o s in  and  (b )  s lo w  G im s a .

O th e r  te c lm iq u e s  u s e d  i n  s e l e c t e d  c a s e s  w ere 

H e id e n h a in ’ s  i r o n  h a e m a to x y lin  f o r  b i l e  c a n a l i c u l i  

an d  G o rd o n -S w ee t’ s  r e t i c u l i n - i m p r e g n a t i o n  m e th o d .

A g e n e r a l  s e t  o f  t i s s u e s  ta k e n  from  each  

a n im a l in c lu d e d  b lo c k s  o f  lu n g  an d  h e a r t  m u s c le , 

s m a ll  i n t e s t i n e  an d  p eo ic reas  an d  k id n e y s  v d th  

a d r e n a l  g la n d s  w here p o s s i b l e .  I n  a d d i t i o n  

s e c t i o n s  o f  b r a i n , s k in  an d  v o lu n ta r y  m u sc le  w ere  

exam ined  from  t e n  a n im a ls  i n  E x p e rim e n t 3 .  I n  a l l  

c a s e s  (96  a n im a ls )  a t  l e a s t  two b lo c k s  o f  l i v e r  

w ere  s e c t io n e d  a n d  one b lo c k  o f  s p le e n  th ro u g h  i t s  

lo n g  a x i s .

H i s t o l o g i c a l  F in d in n a . T h ese  can  b e s t  b e  

c o n s id e r e d  u n d e r  t h r e e  h e a d in g s  ( a )  ch a n g es  i n  th e  

l i v e r  ( b )  c h a n g e s  i n  t h e  s p le e n  an d  ( c )  ch a n g es  in  

o t h e r  o r g a n s .

(a )  C hanges i n  t h e  l i v e r  w ere a lw a y s  p r e s e n t  

and  th e  p re d o m in a n t m ic ro s c o p ic  f e a t u r e  was n e c r o s i s  

o f  t h e  p a ren c h y m a l c e l l s .  The d i s t r i b u t i o n  and  

e x t e n t  o f  th e  n e c r o t i c  p r o c e s s  v a r i e d  from  many 

s m a ll  i r r e g u l a r  a r e a s  i n t e r s p e r s e d  w ith  a p p a r e n t ly  

n o im a l c e l l s  t o  n e a r l y  c o m p le te  d e s t r u c t i o n  o f  t h e  

p a ren ch y m a . T h is  a p p e a ra n c e  i s  t o  some e x t e n t  

d e p e n d e n t on t h e  d o se  u s e d  and  h en c e  t h e  s u r v i v a l  

t i m e .



90

L iv e r s  from  m ice  i n  b o th  e n v iro n m e n ts  w h ich  

d ie d  d u r in g  th e  f i r s t  se v e n  d ay s  f o l lo w in g  i n f e c t i o 4  

w i th  th e  l a r g e r  d o s e s  o f  v i r u s  (1 0 "^  an d  10*"^) 

u s u a l l y  showed v e ry  e x te n s iv e  h e p a t i c  n e c r o s i s .

On t h e  o t h e r  h a n d , w i th  in te r m e d ia te  d o s e s  o f  v i r u s  

(1 0 * ^ , 10“ ^ an d  10~^) c e r t a i n  d i f f e r e n c e s  w ere  

n o te d  in  t h e  two e n v iro n m e n ts . I n  s i x t e e n  o u t  o f  

e ig h te e n  su ch  m ice  i n  t h e  warm en v iro n m e n t t h e  

n e c r o t i c  f o c i  w ere e m a i l ,  i r r e g u l a r  i n  s i z e  an d  o f  

q u i t e  random  d i s t r i b u t i o n  ( s e e  F ig u re  2 6 , page  100)

I n  m arked  c o n t r a s t ,  e x te n s iv e  n e c r o s i s  was p r e s e n t  

i n  t h e  l i v e r  o f  tw e n ty -tw o  o u t  o f  t h i r t y  m ice  t J i a t  

h a d  b e e n  k e p t  i n  t h e  c o ld  e n v iro n m e n t. C lo s e r  

e x a m in a tio n  o f  th e s e  s e c t i o n s  showed t h a t  t h e  

n ecT O tic  p r o c e s s  d id  n o t  in v o lv e  t h e  c e n t r a l  v e i n s .  

A l t h o u ^  t h e  a p p e a ra n c e s  v a r i e d  somewhat from  mouse 

t o  mouse a c c o rd in g  t o  t h e  p r o p o r t i o n  o f  th e  l i v e r  

l o b u le  in v o lv e d ,  i n  g e n e r a l  th e y  w ere  re m a rk a b ly  

r e g u l a r  i n  a n y  one  l i v e r  ( s e e  F ig u re  2 7 , page  1 0 1 ) .  

Some d i f f i c u l t y  \m s e x p e r ie n c e d  i n  r e l a t i n g  th e  

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

a r c h i t e c t u r e .  I n  c a s e s  vdiere t h e  l e s i o n s  w ere  m o st 

e x t e n s iv e ,  t h e  c e n t r a l  v e in s  a p p e a re d  d i l a t e d  a n d  th e  

p o r t a l  t r i a d s  w ere  th e m s e lv e s  in v o lv e d  i n  t h e  

n e c r o t i c  p r o c e s s  ( s e e  F ig u re  2 8 , page 1 0 2 ) .  The 

d i s t r i b u t i o n  i s  e s s e n t i a l l y  p e r i p o r t a l  an d  t h i s  i s  

m o st r e a d i l y  a p p r e c i a t e d  b y  co m p a riso n  w i th  s e c t io n s  

o f /
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o f  Eiouse l i v e r s  shovdng c e n t r i l o b u l a r  n e c r o s i s  such  

a s  t h a t  p ro d u ced  b y  p o is o n in g  w ith  c a ib o n  t e t r a ­

c h l o r id e  .

In  m ice g iv e n  th e  lo w e s t  d o se s  o f  v i r u s  

(10~® an d  10"*^) t h e  d i s t r i b u t i o n  o f  t h e  n e c r o t i c  

f o c i  was q u i t e  h a p h a z a rd  a l th o u g h  a l l  o f  th e s e  

a n im a ls  d ie d  i n  th e  c o ld  e n v iro n m e n t.

The a p p e a ra n c e  o f  t h e  l i v e r s  o f  m ice  p r e ­

t r e a t e d  v /ith  th y r o x in e  was e s s e n t i a l l y  s i m i l a r  t o  

t h a t  se e n  i n  m ice k e p t  i n  th e  warm e n v iro n m e n t.

M assive a r e a s  o f  n e c r o s i s  w ere e n c o u n te re d  in  

s i x  l i v e r s  from  m ice p r e - t r e a t e d  w ith  c o r t i s o n e .

T hese h ad  no r e l a t i o n s h i p  t o  t h e  n o im a l l i v e r  arch if*  

t e c t u r e ,  t h e  n e c r o s i s  h a v in g  e x te n d e d  t o  in c lu d e  

co m p le te  lo b u le s  i n  \i&iich no s u r v iv in g  p aren ch y m al 

c e l l s  c o u ld  b e  d e m o n s tra te d  ( s e e  F ig u re  3 1 , page 1 0 3 ) .

W hile p a ren ch y m al n e c r o s i s  \m s b y  f a r  th e  m ost 

s t r i k i n g  f e a t u r e  o f  t h e  d i s e a s e  p ro c e s s  i n  t h e  l i v e r ,  

o t h e r  ch a n g es  v/ere a l s o  p r e s e n t  an d  v/ere e n c o u n te re p  

i n  th e  l i v e r s  o f  a n im a ls  from  e i t h e r  e n v iro n m e n t. 

G roups o f  i n f i l t r a t i n g  c e l l s ,  h a v in g  t h e  a p p e a ra n c e  

o f  ly m p h o c y te s , w ere o f t e n  se e n  a ro u n d  th e  p o r t a l  

t r a c t s  an d  i n  many o f  t h e  s i n u s o i d s .  The s i g n i f i ­

c a n ce  o f  t h i s  i s  b ard  t o  a s s e s s  s in c e  p o r t a l  accum ­

u l a t i o n s  o f  ro u n d  c e l l s  o c c u r r e d  in  t h e  c o n t r o l  

g ro u p s  a l th o u g h  t h e  c e l l s  w ere much fe w e r  i n  num ber 

I n  a d d i t i o n ,  i n  l i v e r s  show ing e x te n s iv e  

n e c r o s i s /
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n e c r o s i s  th e  s in u s o id s  o f t e n  a p p e a re d  g r o s s l y
I

I d i l a t e d  an d  p o o ls  o f  r e d  b lo o d  c o r p u s c le s  w ere se e n

I i n  t h e  s p a c e s  t h u s  f o m e d .  The a p p e a ra n c e  i s  some-

, w hat s i m i l a r  t o  t h a t  se e n  in  b o v in e  t e l a n g i e c t a s i s

I  ( s e e  F ig u re  3 0 , page  1 0 3 ) .  I n  s e c t io n s  s t a i n e d  b y
I

G ordon-S w eet ’ s  m ethod i t  was n o t  p o s s i b le  t o  d ^ o n -  

s t r a t e  d e v i a t i o n  from  th e  n o rm al r e t i c u l i n  p a t t e r n  

even  in  s e v e r e ly  a f f e c t e d  l i v e r s .  S ix  o u t  o f  t e n  

l i v e r s  from  m ice d y in g  a f t e r  t h e  e ig h th  day  sliowed 

e v id e n c e  o f  r e g e n e r a t io n  in  t h e  form  o f  h y p e r p la s ia  

o f  b i l e  d u c t  e p i th e l iu m  and  m u l t in u c le a te d  p a r e n ­

chym al c e l l s .  T hese ch a n g es  w ere m ost o b v io u s  a t  

t h e  p e r ip h e r y  o f  th e  l o b u le s  and o n ly  o c c a s io n a l ly  

s m a ll  g ro u p s  o f  ly m p h o c y te s  w ere se e n  i n t r a l o b u l a r l ^  

i n  th e s e  c a s e s .  I n  one c a s e  s e v e r a l  s m a ll h y a l in e  

c o n n e c t iv e  t i s s u e  s c a r s  w ere se e n  an d  t h i s  l i v e r  

a l s o  showed e v id e n c e  o f  r e p a i r  ( s e e  F ig u re  3 2 , page 

104 and  F ig u re  33., page 1 0 5 ) .

(b ) C hanges i n  th e  s p le e n  have  a l r e a d y  b e e n  

d e s c r ib e d  ( s e e  page  2 5 ) .  No q u a l i t a t i v e  d i f f e r e n c e s
!

i w ere n o te d  i n  th e  s p le e n s  o f  m ice  d y in g  In  e i t h e r  

e n v iro n m e n t and  i t  was n o t  p o s s i b le  to  r e l a t e  t h e  j  

e x t e n t  o f  th e  n e c r o t i c  f o c i  i n  th e  s p le e n s ' t o  th e  | 

d e g re e  o f  h e p a t i c  n e c r o s i s .  I n  s i x  o u t  o f  t h i r t y  ^

I m ic e , w hich  d ie d  i n  th e  c o ld  en v iro n m e n t an d  showet^ 

e x te n s iv e  h e p a t i c  n e c r o s i s ,  e x a m in a tio n  o f  a  lo n g i- j 

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

p re s e n c e  o f  o b v io u s  n e c r o s i s .  On th e  o t h e r  h a n d ,
I

I  h e p a t i c /
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h e p a t ic  n e c r o s e s  w ere p r e s e n t  i n  a l l  t h e  m ice (9 6 ) 

w liich  succum bed an d  v/ere exam ined  h i s t o l o g i c a l l y .

( c )  Changes i n  o rg a n s  -  o th e r  th a n  l i v e r  and  

s p le e n .  No s i g n i f i c a n t  ch a n g es  v/ere n o te d  in  

s e c t io n s  o f  b r a i n  o r  o f  v o lu n ta r y  m u sc le  (10 a n im a l^ ) .  

C y to p la sm ic  i n c l u s i o n s  o f  th e  ty p e  d e s c r ib e d  b y  

M arch ai (1 9 3 0 ) w ere  n e v e r  e n c o u n te re d  i n  th e  v i s c e r à .  

The i n t e s t i n e s  w ere  o f t e n  c o n g e s te d  an d  th e  lym phoip  

f o l l i c l e s  a p p e a re d  h y p e r p l a s t i c .  The k id n e y s  an d  

lu n g s  o c c a s i o n a l ly  showed sm a ll d i s c r e t e  h a e m o rr-  

h a g ic  f o c i . The m e s e n te r ic  lymph n o d es  w ere n o t  

s p e c i f i c a l l y  c o l l e c t e d  b u t  w ere se e n  t o  c o n ta in  

s m a ll  a r e a s  o f  n e c r o s i s  i n  two o u t  o f  f i v e  s e c t io n s  

i n  w hich  th e y  w ere in c lu d e d .

' Summary. V a rio u s  t i s s u e s  a r e  a f f e c t e d

I f o l lo w in g  i n t r a p e r i t o n e a l  a d m in i s t r a t i o n  o f  th e  

' v i r u s  o f  e c t r o m e l ia  i n  m ic e . I n  th e  p r e s e n t  s e r i e s  

th e  l i v e r  was t h e  o n ly  o rg a n  w h ich  c o n s i s t e n t l y  

showed n e c r o s i s  i n  a n im a ls  d y in g  o f  th e  d i s e a s e .

The f in d in g s  i n  r e s p e c t  o f  th e  h e p a t ic  n e c r o s i s  

ca n  b e  sum m arised  a s  f o l l o w s : -  w ith  th e  h ig h e s t  

d o s e s  o f  v i m s  u s e d  t h e  l e s i o n  i s  e x te n s iv e  i n  mici 

k e p t  a t  b o th  e n v iro n m e n ta l  t e m p e r a tu r e s .  I n t e r ­

m e d ia te  d o s e s  o f  v i r u s  g iv e  r i s e  t o  l e s i o n s  w hich  

d i f f e r ,  b e in g  i n  t h e  m a jo r i ty  o f  c a s e s  f o c a l  and  

h a p h a z a rd  i n  th e  warm en v iro n m e n t and  e x te n s iv e  

an d  p e r i p o r t a l  i n  th e  c o ld  e n v iro n m e n t. The lo w e s t  

d o s e s  o f  v i m s  g iv e  r i s e  t o  f o c a l  an d  h a p h a z a rd  

n e c ro s e s  even  i n  t h e  c o ld  e n v iro n m e n t.
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I t  w as e v id e n t  from  th e  h i s t o l o g i c a l  exam ina- 

t i o n  o f  t h e  t i s s u e s  o f  d ead  an d  m oribund  m ic e , 

w h ich  h a s  b e e n  sum m arised  on t h e  p re c e d in g  p a g e , 

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

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

t r i b u t i o n  o f  t h e  h e p a t i c  n e c r o s i s .  H ow ever, i n  viejw 

o f  th e  f a c t  t h a t  p o s t-m o rte m  a u to  l y s i s  i s  known to  

p ro d u ce  a p p a re n t  enhancem ent o f  th e  d e g re e  o f  

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

ch an g es  may a l s o  i n f lu e n c e  th e  a p p e a ra n c e  (v an  Beak 

an d  H aex , 1943 ; P o p p e r , 1948) i t  was n e c e s s a r y  t o  

c o n f irm  t h e  d e s c r i p t i o n  o f  t h e  h e p a t i c  l e s i o n s  b y  

ex am in in g  th e  t i s s u e s  o f  m ice w h ich  h ad  be@ i 

s a c r i f i c e d  f o r  t h i s  p u rp o s e .

De B urgh  (1950  )and NosseuL and  de B u igh  (1953 

and 1964) have  g iv e n  a  v e ry  f u l l  a c c o u n t o f  th e  

c lian g es in d u c e d  b y  th e  v i r u s  o f  e c t r o m e l ia  and  o f  

t h e  a s s o c i a t e d  c y to c h e m ic a l  c h a n g e s . The m ethods 

u s e d  in  t h e  p r e s e n t  s tu d y  a r e  e s s e n t i a l l y  th o s e  

d e s c r ib e d  b y  th e  above a u t h o r s .

M a te r ia l  an d  M ethods- S to ck  v i r u s  o f  th e  

same s u s p e n s io n  a s  t l i a t  p re p a re d  f o r  E x p e rim e n t 8 

w as u s e d .  The m a t e r i a l  h ad  b e e n  s to r e d  i n  su sp e n ­

s io n  i n  a  d e e p - f r e e z e  c a b in e t  a t  -2 0 ^C . d u r in g  th e  

i n t e r v a l  b e f o r e  i t s  u s e  i n  t h i s  e x p e r im e n t. The 

i n o c u l a t i o n  was c a r r i e d  o u t  i n t r a p e r i t o n e a l l y  u s in g  

0 .1  m l. o f  1 0 -5  s u s p e n s io n  (w hich  was a p p ro x im a te ly  

t h e  LD50 o f  t h e  s u s p e n s io n  a s  m e asu red  i n  m ice 

k e p t  i n  t h e  warm e n v iro n m e n t ) .
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The m ice v/ere k i l l e d  b y  c e r v i c a l  d is lo c a t io n *

The l i v e r s  were r a p id ly  removed and p ie c e s  iffixed in  

c o ld  ace to n e  a t  0°C . S e c tio n s  v/ere made and 

s ta in e d  f o r  a c id  and a lk a l in e  pho sp h a tase  a c co rd in g  

to  th e  method o f  Gom ori. The rem ain d er o f  th e  l i v e r  

and a  s e le c t io n  o f  o th e r  t i s s u e s ,  in c lu d in g  sp le e n , 

k id n e y , p a n c re a s , i n t e s t i n e ,  lu n g , c a rd ia c  and 

v o lu n ta ry  m usc les were f ix e d  in  a le  oho 1 -fo rm a lin  

(10 p e r  c e n t ,  fo rm a lin  in  60 p e r  c e n t ,  a lc o h o l ) .

T h is  s o lu t io n  was a l s o  u se d  f o r  b lo c k s  from  v h ich  

s e r i a l  s e c t io n s  o f  th e  th y r o id  re g io n  v/ere made 

from  each mouse and i t  was u s u a l ly  p o s s ib le  to  

d em o n stra te  th y r o id  t i s s u e .  S e r ia l  s e c t io n s  o f  th e  

ac e to n e  f ix e d  b lo c k s  were s ta in e d  by  M ayer’ s a c id  

haemalum w ith  o r  w ith o u t e o s in  and f o r  g ly co g en  

u s in g  th e  p e r io d ic  a c id -F e u lg e n  m ethod o f  McManus 

(1 9 4 8 ), a s  w e ll  a s  th e  p h o sp h a tase  m ethods.

In o rg a n ic  phosphate  was d em o n stra ted  b y  t r e a t i n g  

th e  d e p a ra ff i n i sed  s e c t io n s  w ith  th e  c o b a l t  n i t r a t e  

and ammonium su lp h id e  s o lu t io n s  o f  th e  Gomori 

m ethod .

To d em o n stra te  a b i l i t y  to  form  and s to r e  

g ly co g en  a  p ro p o r t io n  o f  th e  mice w ere g iv e n  0 .5  m l. 

o f  20 p e r  c e n t ,  (w /v) g lu c o se  in  w a te r  b y  i n t r a ­

p e r i to n e a l  i n j e c t i o n .  One hour l a t e r  a n o th e r  g lu c o se  

i n j e c t i o n  was g iv e n  and th e  an im als  were k i l l e d  one 

h o u r fo llo w in g  th e  second i n j e c t i o n .  No p re H m in a iy  

f a s t i n g /



f a s t i n g  was u sed  l e s t  t h i s  in  i t s e l f  sh o u ld  i n t e r ­

f e r e  w ith  th e  developm ent o f  th e  l i v e r  l e s io n .

In  a d d i t io n  to  th e  s t a i n s  a lre a d y  m entioned  

slow  Giemsa and p y ro n in -m eth y l g reen  were u se d .

Seventy-tw o m ice in  a l l  were g iv e n  v i r u s .

These v/ere th e n  d iv id e d  in to  two eq u a l g ro u p s  one 

o f  w hich was p la c e d  in  th e  c o ld  environm ent and th e  

o th e r  in  th e  warm environm ent th ro u g h o u t th e  d u r â t i ^  

o f  th e  ex p e rim e n t. On th e  f i r s t ,  second and t h i r d  

days fo llo w in g  i n f e c t io n  two an im als  were s a c r i f i c e ^  

from  each en v iro n m en t. One o f  th e s e  in  each case  

re c e iv e d  a p r i o r  i n j e c t i o n  o f  g lu c o se  a s  d e s c r ib e d  

ab o v e . On th e  f o u r th ,  f i f t h ,  s i x t h ,  sev en th  and 

e ig h th  days fo llo w in g  in f e c t io n  s ix  an im a ls  v/ere 

s a c r i f i c e d  from  each g ro u p . Three o f  th e s e  r e c e iv e ^  

g lu c o se  p r i o r  to  s a c r i f i c e  in  each ca se  • In  

a d d i t io n  s ix te e n  u n in fe c te d  c o n t r o l  m ice were 

a s s ig n e d  to  each e x p e rim e n ta l en v iro n m en t. Two 

c o n t r o l  m ice were s a c r i f i c e d  from  each environm ent 

d a i ly  and one o f  th e s e  an im als  r e c e iv e d  g lu co se  

p r i o r  to  s a c r i f i c e  in  each c a s e .

R e s u l t s . The post-m ortem  changes in  th e s e  

m ice were s im i la r  to  th o s e  a l r e a d y  d e s c r ib e d .  In  

b o th  g roups from  th e  f i f t h  day onwards th e  l i v e r  

was seen  to  b e  sw o llen  b u t  m o tt l in g  and p e te c h ia l  

haem orrhages were more m arked in  m ost members o f  th e  

c o ld  g ro u p . No g ro s s  d i f f e r e n c e  o th e r  th a n  t h i s  

was o b se rv ed .

96
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H is to lo g ic a l ly  th e  e a r l i e s t  cliange was n o te d  

ab o u t th e  t h i r d  day in  th e  form  o f  a p a tch y  lo s s  

o f  cy to p lasm ic  b a s o p h i l ia  (F ig u re  24 , page 99) and 

i t  seems l i k e l y  t h a t  c e l l s  a f f e c te d  in  t h i s  way 

l a t e r  become n e c r o t i c . The n u c le i  o f  th e s e  c e l l s  

o f te n  ap p ear sm a lle r  and h y p erch ro m atic  and in  some 

c a s e s  show a c tu a l  k a ry o r rh e x is .  The appearance  i s  

b e s t  seen i n  G iem sa -s ta in ed  s e c t io n s  and o cc u rred  

in  m a te r ia l  from  m ice in  b o th  en v iro n m en ts . In  

P .A .S . s ta in e d  s e c t io n s  th e r e  i s  a  lo s s  o f  g lycogen  

from  th e s e  a r e a s  and t h i s  i s  b e s t  o b se rv ed  in  

t i s s u e s  from  g lu e  o se - t r e a t e d  m ice . The ap p e a ran c e , 

how ever, i s  n e v e r  so c l e a r l y  dem arcated  a s  i s  th e  

l o s s  o f  b a s o p h i l ia  • T h is  change i s  n o t  seen  in  

t i s s u e s  from  m ice k e p t  in  th e  c o ld  environm ent sincl 

th e s e  an im a ls  ap p e a r u n a b le  to  s to r e  g lycogen  i n ­

asmuch a s  v e ry  sm all am ounts a re  d em o n strab le  in  

s e c t io n s  from  such m ic e , even wiien th e s e  have n o t  been  

in j e c t e d  w ith  v i r u s .

F o llow ing  t h i s  l e s io n  from  th e  f i f t h  day 

onw ards th e r e  i s  an  a b ru p t t r a n s i t i o n  to  f ra n k  

n e c r o s i s  w ith  lo s s  o f  c e l l  b o u n d a r ie s , p y k n o sis  

and k a r y o ly s i s .  The d i s t r i b u t i o n  o f  th e  f u l l y  

deve loped  n e c r o t ic  le s io n  i s  th e  same a s  t h a t  

a l r e a d y  d e s c r ib e d ,  4 ,.£ . th e  f o c i  a re  haphazard  In  

th e  v/arm g roup  and show l e s s  ten d en cy  to  th e  d ev e l4  

opment o f  l a ig e  a r e a s  o f  n e c r o s i s .  By c o n t r a s t ,  a l l  

t h e /
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th e  l i v e r  s e c t io n s  from  m ice in  th e  c o ld  environm ent 

shov/ a  d e f i n i t e  d i s t r i b u t i o n  o f  th e  n e c r o t ic  p ro c e ss  

Large c o n f lu e n t a r e a s  su rro u n d in g  th e  p o r t a l  t r i a d s  

a re  form ed, in  many c a s e s  ex ten d in g  w e ll  in to  th e  

lo b u le .  In  two c a s e s  from  m ice s a c r i f i c e d  on th e  

f i f t h  day fo llo w in g  in f e c t io n  numerous f o c a l  a re a s  

were found a d ja c e n t  t o  th e  l a r g e r  v e in s  (F ig u re  26 , 

page 1 0 0 ).

The p h o sp h a tase  m ethods gave d is a p p o in tin g  

r e s u l t s  in  t h a t  th e  r e l a t i o n  o f  enzyme a c t i v i t y  

to  th e  d ev e lo p in g  le s io n s  d e s c r ib e d  b y  de Buigh 

(1950) c o u ld  n o t  b e  d em o n s tra te d .

No s i g n i f i c a n t  d i f f e r e n c e s  betw een  th e  two 

env ironm ents were n o te d  in  th e  o th e r  t i s s u e s  

exam ined. In  one an im al ffom  th e  wann environm ent 

s a c r i f i c e d  on th e  e ig h th  day fo llo w in g  in f e c t io n  

m assive  a r e a s  o f  n e c r o s i s  were p r e s e n t  in  th e  

sp le e n  w h ile  o n ly  m ino r d e g ree s  o f  p o r t a l  lympho­

c y t i c  i n f i l t r a t i o n  were seen  in  th e  l i v e r  •



* »



99

F ig u re  2 4 . -  S e c tio n  o f  l i v e r  o f  mouse showing 
p a tc h y  lo s s  o f  cy to p lasm ic  b a s o p h i l i a .

^ o w  G iem sa. x  770.
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F ig u re  2 6 . -  S e c tio n  o f  l i v e r  from  a mouse 
in  th e  c o ld  env ironm ent showing th e  p red o m in an tly  
p e r iv a s c u la r  d i s t r i b u t i o n  o f  th e  f o c i  o f  n e c r o s i s .

Slow G iem sa. x  110.

F ig u re  2 6 . -  S e c tio n  o f  l i v e r  from  a mouse 
in  th e  wann en v iro n m en t. The n e c r o t ic  f o o l  a r e  
e s s e n t i a l l y  s im i la r  to  th o se  ^o w n  in  F ig u ro  25 
ex c ep t t h a t  th e y  a r e  random in  d i s t r i b u t i o n .

Slow Bd.mnsa. % 175 .
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F ig u re  2 7 , -  S e c tio n  o f  mouse l i v e r  from  an 
an im al d y in g  in  th e  c o ld  en v iro n m en t. The d a rk e r  
s ta in in g  a r e a s  o f  s u rv iv in g  c e l l s  r e g u la r ly  o ccu r 
around  th e  c e n t r a l  v e in s .

Slow G iem sa. x  5 6 .
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F ig u re  2 8 . -  S e c tio n  o f  mouse l i v e r  showing 
th e  a r e a s  o f  s u rv iv in g  c e l l s  a round  two c e n t r a l  
v e in s  w hich a re  g r o s s ly  d i l a t e d .  Between th e s e  
th e  rem ain s o f  a  p o r t a l  t r a c t  can  b e  s e e n .

Slow G iem sa. x  1 1 0 .

F ig u re  2 9 . -  S e c tio n  o f  mouse l i v e r  fo llo w in g  
carbon  t e t r a c h l o r i d e  p o is o n in g . In  t h i s  c a se  th e  
le s io n  i s  o e n t r i l o b u la r  and t h i s  F ig u re  h a s  been  
in c lu d e d  f o r  com parison  w ith  th e  above .

H aem atoxylin  and e o s in .  x  160 ,
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Figure 3 0 . -  S ec tio n  o f  mouse l i v e r  showing 
d i la t io n  o f  s in u so id s  and "pooling" o f  b lood  a t  
th e  margins o f  a n e c r o t ic  a re a .

Haematoxylin and e o s in . x  125.

F igure 3 1 . -  S ectio n  o f  l i v e r  o f  a mouse p re­
tr e a te d  w ith  c o r tiso n e  showing th e  margin o f  an 
area  o f  "massive" n e c r o s is .

Slow Giemsa. x 150.
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Figure 3 2 . -  M o tio n  o f  zwuse l i v e r  abowimg 
an area o f  h y a lin e  s o a r - t l s s u e .  There i s  evidence  
o f  b ile»-duct h y p e i^ la s la  in  th e  upper p art o f  th e  
p r in t .

Haematoxylin and e o s in . x  175 .
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Figure 3 3 . -  S ec tio n  o f  Biouse l i v e r  in  an area  
o f  regen era tion  showing s u it ! -n u c le a te d  parenchymal 
c e l l e  in te r sp er sed  w ith  h y p erp la stic  b i le -d u c t  
ep ith e liu m .

Haematoxylln and e o s in . x  700 .
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DISCUSSION

I t  i s  c le a r  from th e  wo i t  o f  Gyorgy e t  a l .

(1950) and N a fta lin  (1954) th a t  a pure d e f ic ie n c y  

o f  e y s t in e  and vitam in  E i s  n o t in  i t s e l f  s u f f i ­

c ie n t  to  produce th e  co n d itio n  o f  m assive h ep a tic  

n e c r o s is  in  r a t s .  N ev erth e less  many authors have 

attem pted to  ex p la in  s im ila r  co n d itio n s  occurring  

n a tu r a lly  in  o th er  s p e c ie s  on th e  b a s is  o f  such 

d ie ta r y  d e f ic ie n c y .

One o f  th e  main d i f f i c u l t i e s  in  d ie ta ry  exper­

im ents i s  th a t  sy n th e t ic  d ie t s  are n ever com p letely  

s a t ls fa c to z y  even when ccmiplex m ixtures o f  v itam in s  

and am ino-acids are Included w ith  th e  b a s ic  compon-| 

e n t s .  For t h i s  reason  ccmiparisons betwei(% mthetic'lo 

d ie t s  and "natural" d ie t s  are o f  doubtftil v a lu e . |

The p a r t ic u la r  in t e r e s t  o f  th e  f in d in g s  here  

rep orted  l i e s  in  th e  fa c t  th a t  th e  d ie t s  u sed  were I  

s im ila r  in  every re sp ec t  excep t in  th e  source o f  | 

c a se in  u sed . One o f  th e se  d i e t s ,  co n ta in in g  Gena- i 

to  seal "low vitam in" c a s e in , proved q u ite  in e f f e c t iv e
I

in  producing h ep a tic  n e c r o s is  in  r a t s  but th e  o th e r ,
I

co n ta in in g  Glaxo c a s e in  C, was h l^ i ly  e f f e c t i v e .  ;
1

I t  GE&n th e re fo r e  be argued th a t  i f  th e  f a c t o r ( s )  ! 

which produce th e  d ise a se  in  r a t s  are o f  im poitanoe 

in  th e  development o f  th e  h ep a tic  le s io n  produced 

by th e  v ir u s  in  m ice , t h i s  should  be c le a r ly  sliown 

by u s in g  th e se  two d ie t s  and comparing t h e ir  e f fe e t 's .

W ithin th e  l im it a t io n s  o f  th e  tech n iq u es used  here  

n o /



no d iffe r e n c e  cou ld  be shown between th e two d ie t s ,  

o r  between th e  h igh  and low  p ro te in  v e r s io n s  o f  

t h e s e , I t  xmist be ad m itted , however, th a t  th e  

j p o s s i b i l i t y  o f  such a d ie ta ry  e f f e c t  was n o t d i s -  

I proved s in c e  i t  has been shown w ith  a t  l e a s t  two 

I h o s t-v ir u s  system s th a t  a s in g le  d e f ic ie n t  d ie t  

 ̂ c o n s ta n tly  ad m in istered  g iv e s  r i s e  to  a c y c l ic  

I change in  s u s c e p t ib i l i t y  (Sprunt and F la n ig a n ,1956} 

I In both  o f  th e se  examples th e  c y c le  i s  conposed  

o f  a primary s u s c e p t ib i l i t y  in c r e a s e , a secondary  

r e s is ta n c e  in crea se  and l a s t l y  another s u s c e p t ib i l ­

i t y  In c r e a se . Such d if f e r in g  tim e r e la t io n s  were 

n o t stu d ied  s in c e  i t  appeared ea r ly  in  th e  course  

o f  th e  work reported  th a t th e  environm ental tem­

p eratu re p layed  a la ig e  p art in  determ ining th e  

outcome o f  th e  in fe c t io n  produced by th e  v ir u s .

For th e  same reason  no a tta n p t was made to  

compare th e  e f f e c t  o f  the v ir u s  on m ice fed  syn­

t h e t ic  d ie t s  a s  opposed to  th o se  fed  w ith  stock  

cubes (D iet 4 1 ) ,  nor was any r e s t r ic t io n  o f  food  

in ta k e  in v e s t ig a te d  although  i t  i s  p o s s ib le  th a t  

e ith e r  or b oth  o f  th e se  fa c to r s  might be im portant 

in  co n d itio n in g  th e  le s io n s  produced.

The e f f e c t  o f  environm ental tem perature was 

proved f i r s t  by dem onstrating d if f e r in g  in f  a c t iv ­

i t i e s  o f  th e  same v ir u s  suspension  a s  t i t r a t e d  in  

m ice kept a t  d if f e r e n t  tem peratures and t h i s  

c r it e r io n  was used  in  an attem pt to  e lu c id a te  th e  

mechanism o f  th e  e f f e c t .
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There have been v a r io u s rep o r ts  o f  th e  e f f e c t s  

o f  environm ental tem perature on o th er  h o s t-v ir u s  

system s. In most o a se s  c o ld  has in t e n s i f i e d  th e  

r e s u l t s  o f  in fe c t io n  b u t , in  some in s ta n c e s , i t

appears to  have had a p r o te c t iv e  e f f e c t . |
I

Sulkin (1945) showed th a t  mice kept a t  h igh  

environm ental tem peratures (95^F.) showed l e s s  |

severe  lung le s io n s  than th o se  kept a low er tem per- { 

a tu r es  (GO^F.), fo llo w in g  experim ental in fe c t io n  

w ith  in flu e n z a  A v ir u s . T his was n o t ,  however, 

r e f le c t e d  in  th e  m o r ta lity . Hie f in d in g s  agree  

w ith  th e  known epidem iology o f  human in f lu e n z a .

Briody a i"  (1958) showed th a t  a s tr a in  o f  

in f lu e iz a  cou ld  be more q u ick ly  mouse adapted in  

two s tr a in s  o f  mice i f  th e se  were kept a t  5^C. than  

i f  kept a t  room tem perature.

M ilzer (1943) showed th a t  c h i l l in g  anim als 

Iby c o ld  w ater immersion up to  s ix  days a f t e r  in o -
’ I
c u la t io n  w ith  th e  BK s tr a in  o f  p o lio  v iz u s  s i g n i f -  | 

Ic a n t ly  in crea sed  th e  proportion  o f  severe c a se s  o f  

p a r a ly s is  and Wolf (1935) was ab le  to  prevent th e  

development o f  p o l io iq y e l i t is  in  monkeys by in d u c in g  

p yrex ia  one or two days a f t e r  in tr a c e r e b r a l inocu­

la t io n  o f  th e  v ir u s .

In fe c t io n  o f  m ice w ith  th e  v ir u s  o f  herpes  

sim plex i s  alm ost alw ays f a t a l  i f  t h ^  are k ep t a t  

70° to  SO^F. b u t i t  h as been shown by A m strong (1942) 

th a t /
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th a t  death can be la r g e ly  prevented  In m ice kept at  

tem peratures o f  approxim ately 9 8 °? .

Moragues and Pinkerton (1944) showed th a t  a 

u n ifo n o ly  f a t a l  r i c k e t t s i a l  p e r i t o n i t i s  cou ld  be  

produced by in tr a -p e r ito n e a l in je c t io n  o f  murine 

typhus r ie k e t t s ia e  in  mice kept a t  tem peratures 

ranging from  66® to  80®F. w h ile  w ith  an environ­

m ental tem perature o f  86® to  980F. a m o rta lity  o f  

l e s s  than tw enty f i v e  p er c e n t , was ob served . |

On th e  o th er  hand G r if f in  (1954) showedj

th a t  th e  m o r ta lity  o f  mice in fe c te d  w ith  th e  v ir u s  I  

o f  v e s ic u la r  s to m a t it is  was s ig n if ic a n t ly  lowered ! 

in  anim als kept a t  8®C. than in  m ice kept a t  27® 

o r  35®C. I t  i s  o f  in t e r e s t  th a t  a c c lim a tisa t io n  

to  a low tem perature p r io r  to  in o c u la t io n  was 

e s s e n t ia l  to  in flu e n c e  th e  su rv iv a l r a te  favourably  

By fa r  th e  most s tr ik in g  r e s u lt s  however are  

th o se  o f  Boring (1 9 5 6 ). These authors have

shown th a t a d u lt  m ice o f  th e  s tr a in  th ey  u se  seldom 

su ffer ed  i l l  e f f e c t s  from even very la r g e  d oses o f  

th e  Conn.5 s tr a in  o f  coxsack ie  v iz u s  b u t t h a t ,  i f  

in fe c te d  m ice were kept a t  4®C. fo llo w in g  inooulatljosi, 

th e  in fe c t io n  became u n ifo im ly  l e t h a l .  S ince  

co i^ iso n e  i s  known a ls o  to  produce a s im ila r  lo s s  j 

in  r e s is ta n c e  to  t h i s  s tr a in  , i t  has been suggestijd  

th a t  co ld  may a c t  a s  a strees-pxx)ducing a g en t, 

cau sin g  eaccessive s e c r e t io n  o f  a d ren o -co r tic a l  

s t e r o id s .
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I t  was fo r  t h i s  reason th a t  an a t te s ^ t  v/as madje 

in  th e  p resen t study to  show an enhancing e f f e c t  

w ith  c o r tiso n e  on th e  in fe c t io n  produced by th e  

s tr a in  o f  ec tro m elia  u sed . From th e  r e s u lt s  o f  

Experiment 10 i t  i s  c le a r  th a t ,  w h ile  c o r tiso n e  

may a l t e r  th e  cou rse o f  th e  d is e a s e ,  th e  e f fe c t  i s  

n o t n ea r ly  so marked a s  th a t  o f  th e  c o ld  environ­

ment a s  judged by in crea sed  i n f e c t i v i t y ,  nor i s  th e  

h is t o lo g ic a l  d iffe r e n c e  reproduced. C ortisone and 

ACTH have a lso  been  shown to  in flu e n c e  th e  develop­

ment o f  th e  l i v e r  le s io n  produced by p o ison in g  with  

carbon te tr a c h lo r id e  (P a tr ic k , 1955} and th e  dosage 

used  in  Experiment 10 was based on th e  f in d in g s  o f  

th a t  a u th o r . Boring § t  ag.. (1956) a ls o  p o in t out 

th a t  th e  change in  r e s is ta n c e  due to  a c o ld  environ  

ment i s  u n lik e ly  to  r e s u lt  frcmi th e  n o n -sp e c if ic  

e f f e c t s  o f  s t r e s s  s in c e  th e  h igh er  tem perature 

(36®C.) th ey  s tu d ied  rep resen ted  a severe s t r e s s  

b u t d id  n o t reduce r e s is ta n c e .  Indeed, a t  t h i s  

tem perature d eaths occurred a f t e r  one week o f  

exposure, in  tlie  co n tro l groups n o t g iven  v ir u s .

The r e s u lt s  o f  Experiment 7 su ggest th a t  th e  

e f f e c t  i s  n ot due to  n o n -sp e c if ic  s t r e s s  s in ce  m ioi 

b o m  and bred  in  th e  co ld  environm ent, and hence 

presumably w e ll  adapted , show th e  e f f e c t  q u ite  as  

c le a r ly  a s  mice tr a n sfe r r e d  from th e  warm environ­

ment on th e  day o f  in o c u la t io n .



Ill

I t  has been reported  th a t  mice su b jec ted  to  

severe  s t r e s s  by s c a ld in g , l ig a t io n  tr a u m ,  

in je c t io n  o f  b a c t e r ia l  p o ly sa cch a r id e , o r  exposure 

t o  c o ld , show a marked d ecrease in  l i v e r  non­

p ro te in  su lphydxyl con cen tra tion  (Beck and Llnken- 

helm er, 1 9 5 2 ). T h is i s  p a r t ic u la r ly  in te r e s t in g  

s in c e  i t  i s  probable th a t  th e  p r o te c t iv e  a c tio n  

o f  h igh  p ro te in  d ie t s  a g a in st c e r ta in  ty p es  o f  

l i v e r  in ju ry  i s  a s so c ia te d  w ith  t h e ir  a b i l i t y  to  ! 

provide su lp h y d iy l grou p s.

Changes in  th y ro id  a c t iv i t y  liave been sliown 

t o  in flu e n c e  r e s is ta n c e  to  In fe c t io n  (W eiss e^ a l . . j  

1 9 5 2 ). Thyroid a c t iv i t y  i s  markedly stim u la ted  by ■ 

a co ld  environment and one o f  i t s  e f f e c t s  i s  a f a l l  

in  h ep a tic  g lycogen  (de M injer, 1 9 5 2 ). In th e  

p resen t experim ents i t  was observed th a t  noim al 

m ice exposed to  co ld  showed very  l i t t l e ,  i f  any, 

s ta in a b le  l i v e r  g lycogen  even fo llo w in g  th e  in tr a -  

p e r ito n e a l in je c t io n  o f  g lu c o s e . In view  o f  th e  

e s ta b lish e d  a s s o c ia t io n  between a f a l l  in  l i v e r  

g lycogen  and in crea sed  s u s c e p t ib i l i t y  to  va r io u s  

p o iso n s i t  seamed worth w h ile  to  examine th e  e f f e c t  

o f  th yrox in e g iv en  o r a l ly  on th e  cou rse o f  th e  

v ir u s  d ise a s e  used  here^ The r e s u l t s  o f  Experiment 

12 a ig g e s t  th a t  a t  th e  dosage r a te  in d ic a te d  th e  

e f f e c t  o f  th y ro x in e  g iv en  in  t h i s  way i s  to  enhance 

the i n f e c t i v i t y  o f  th e  v in x s  suspension  but th a t  

th e /
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th e  d iffe r e n c e  i s  n o t as marked as th a t  produced by  

th e  co ld  environm ent. S im ila r ly , th e  h i s t o lo g ic a l  

p ic tu r e  in  m ice so tr e a te d  does n ot correspond w ith  

th a t  shown b y th e  m ice in  th e  co ld  environm ent.

I t  i s  c le a r  th a t  the marked enhancing e f f e c t  

o f  th e  co ld  environment on th e  i n f e c t iv i t y  o f  th e  

v ir u s  cannot be fU l ly  exp lain ed  by e i th e r  o f  th e  

mechanisms su ggested  above.

The o th er  in te r e s t in g  d iffe r e n c e  noted  in  i

m ice in  th e  co ld  environment was th a t  th e  p eriod  o f  |
I

su r v iv a l fo llo w in g  in fe c t io n  was sh orten ed . Ipsen  

(1944 , quoted by Fenner, 1949) u sin g  th e  L a ig re t-  j

Durand s tr a in  o f  mouse pathogenic murine typhus '

r i e k e t t s ia e ,  showed th a t  th e  tim e to  death o f  mice 

a f t e r  in tr a -p e r ito n e a l in o cu la tio n  cou ld  be used  to !
I

t i t r a t e  th e  a g e n t . I t  was l a t e r  found by Packalen  

(1947) th a t  t h i s  s tr a in  was in  fa c t  pure ectzx>melia| 

v ir u s .  While i t  was noted  in  th e p resen t s tu d ie s  

th a t  th e  in te r v a l  to  death appeared sh o rter  w ith  

h igh er d oses o f  th e  v ir u s ,  th e  d if fe r e n c e s  were not 

s u f f i c i e n t ly  c o n s is te n t  to  make t h i s  a f e a s ib le  

means o f  t i t r a t i o n .  The shortened in te r v a l  to  death  

in  th e  co ld  environment cou ld  th u s be regarded as  

evidence fo r  an in crea sed  growth o f  v ir u s  in  mice 

kept in  th e  c o ld  environm ent, but i t  was n ot p o s s ib le  

to  dem onstrate s ig n if ic a n t  d if fe r e n c e s  in  th e  v ir u s  

co n ten t o f  mouse l i v e r s  in  such an environment In 

th e  experim ent d escrib ed  on page 82 .
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Burnet and Lush (1936) noted  th a t  a tempera­

tu re  below  th e  p h y s io lo g ic a l optimum (39.5® C .) fo r  

th e  development o f  ch icken  enbryos \/as n e c e ssa iy  

f o r  th e le s io n s  o f  ectrom elia  to  appear on th e  

c h o r io a l la n to is . At 36® to  37®C. le s io n s  reg u la r ly  

d eveloped . T his was conflnned  w ith  th e  v ir u s  hsed  

in  th e  p resen t experim ent and may su ggest th a t  a 

s im ila r  meclianism op era tes in  mice kept in  th e  co ld  

environm ent. I t  i s  o f  s p e c ia l  in t e r e s t  th a t  v e s i ­

cu la r  s to m a t it is  v ir u s  m u lt ip lie s  b e t t e r  in  eggs 

incubated  a t  36® to  36®C. than a t  39® to  40®C. 

(S igu rd sson , 1 9 4 3 ), b u t th a t  G r if f in  ^  a l .  (1964) 

showed t lia t  th e  m o r ta lity  o f  mice In fe c te d  w ltli 

t h i s  v ir u s  was s ig n i f ic a n t ly  low er in  mice kept a t  

8®C. than in  mice k ep t a t  27® or 36®C.

The o th er  d if fe r e n c e  shown between th e  two 

environm ents i . e .  th e  d iffe r e n c e  in  th e  type o f  

le s io n  produced and demon s t i l t e d  h i s t o lo g ic a l ly  i s  

much l e s s  e a s i ly  m easured. Two im in th e o r ie s  have 

been put forward to  ex p la in  th e  way in  which h ep atot 

to x ic  agen ts b rin g  about th e  e f f e c t s .  The f i r s t  

o f  th e se  su g g ests  d ir e c t  in te r fe r e n c e  w ith  c e l lu la r  

m etabolism  (C h r is t ie  and Judah, 1964; Cameron, 1 9 5 4 ). 

The o th er  v iew  has been  m ainly advanced by liimsworth 

who su g g ests  th a t  th e  e f f e c t s  are la r g e ly  brought 

about by sw e llin g  o f  th e  parencliymal c e l l s  which 

th u s o b stru c t th e  s in u so id s  and produce c e l lu la r  

isch a em ia . T h is /
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T his view  has been accep ted  by E lia s  (1955) to  j

ex p la in  to x ic  c e n tr i lo b u la r  n e c r o s is  and by Glynn 

fit a i*  (1948) to  account fo r  th e  d is tr ib u t io n  o f  |

th e  le s io n s  in  m assive h ep a tic  n e c r o s is  produced i

by abnonoal d ie t s  in  r a t s .  N a fta lin  and Howie (1949) 

con sid ered  t lia t  th e  l i v e r  in ju ry  d escrib ed  by them 

in  p ig s  reared  in  a co ld  and damp environment was 

probably due to  c ir c u la to r y  changes in  tiie  l i v e r  

which th ey  in te r p r e te d  a s  th e  r e s u lt  o f  lo c a l  

c o o lin g  o f  th e  abdomen a g a in st  a co ld  f lo o r .

The d is tr ib u t io n  o f  le s io n s  in  m ice g iven  

v ir u s  and osqposed to  th e c o ld  environment su g g ests  

th a t  v a scu la r  fa c to r s  may p lay  a p a r t . N ev erth e less  

th e  fundamental cause o f  th e  n e c r o s is  in  m ice kept 

a t  d if f e r e n t  environm ental tem peratures i s  th e  same 

i . e .  d ir e c t  a c tio n  o f  th e v ir u s .  As has been  

shown by de Burgh (1 9 5 0 ), th e  f a i lu r e  to  sy n th es ise  

g lycogen  i s  com patib le w ith  th e  th eory  th a t  energy 

d erived  from o x id a tio n  i s  d iv er ted  to  sy n th e s is  o f  

v ir u s  ra th er  than o f  g ly co g en . I t  has a ls o  been |

dem onstrated by P o g e ll (1966) th a t  carbohydiwite j

m etabolism  i s  im paired in  v ir a l  h e p a t i t i s  in  m ice .

He showed th a t  system s over and above th e  g en era l 

d ecrease in  p ro te in  in clu d ed  enzymes causin g  th e  

aerob ic  d isappearance o f  fr u c to se  and conversion  o f  

fr u c to se  1-phosphate and fr u c to se  6-phosphate to  

in organ ic  phosphate. In a d d itio n  v ir u s  in fe c te d  

mouse l i v e r  horaogenates were found to  in h ib it  

f r u c t o s e /
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fr u c to se  d isappearance by normal l i v e r  hoiaogenates, 

b u t t h i s  e f f e c t  v/as n o t s p e c i f ic  to  th e  v ir u s  

in fe c t id n  s in c e  s im ila r  in h ib it io n s  occurred in  

n e c r o tic  l i v e r s  fo llo w in g  carbon te tr a c h lo r id e  

in j e c t io n .  In th e p resen t experim ents l i t t l e ,  i f  

any, s ta in a b le  l i v e r  g lycogen  was p resen t In any 

p art o f  th e  lo b u le  o f  th e l i v e r s  o f  mice kept in  

th e  co ld  environment and th u s does n o t exp la in  th e  

p er iv a sc u la r  d is tr ib u t io n  o f  th e  n e c r o s is  in  t h i s  

group.

On th e  o th er  hand, a s  has been  shown in  

Experiment 9 ,  exposure to  th e  co ld  environment i s  

e f f e c t iv e  o n ly  i f  t h i s  i s  begun and m aintained  

w ith in  th e  f i r s t  fo u r  days fo llo w in g  in fe c t io n  i . e .  

when th e l i v e r  i s  f i r s t  invaded by th e  v ir u s .  

V ascular fa c to r s  produced by th e  co ld  environment  ̂

m ight presumably ten d  to  lo c a l iz e  th e  d is tr ib u t io n  

o f  tl:e  le s io n s  in tr a lo b u la r ly  a t  t h i s  s ta g e .

The e f f e c t  o f  exposure to  a c o ld  environment 

i s  to  b%ing about a complex s e r ie s  o f  ad aptive  

changes (B tu llk en  and H iestand , 1954} and i t  i s  

u n lik e ly  th a t  any one o f  th e se  can b e h e ld  ra g p c n s -  

ib le  fo r  th e  in crea sed  s u s c e p t ib i l i t y  dem onstrated  

in  th e  p resen t exp erim en ts. I t  should be s tr e s s e d ,,  

however, th a t  th e  l i v e r  in  p a r t ic u la r  i s  more j 
se v e r e ly  a f fe c te d  in  th e  c o ld  environment and i t  

i s  con sid ered  th a t  t h i s  accoun ts fo r  th e  in creased  

m o r ta lity  •
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G le d h il l  (p erson a l coianunlcation) has con- 

fiim ed  th a t  th e  UD50 o f  a s tr a in  o f  ectrom elia  

(which v/as i s o la t e d ,  l ik e  my own, from an acu te  

outbreak o f  d is e a s e  in  v/hich h e p a t it is  was th e  

most prominent le s io n )  i s  sm aller  in  m ice kept in  

th e  co ld  than in  mice kept a t  nozmal tem peratures 

and has used  t h is  a s  a gu ide to  th e  dose o f  v ir u s  

which would r e g u la r ly  in f e c t  mice w ithout pro­

ducing synptoms in  many o f  them.

The main p r a c t ic a l  im p lica tio n  o f  th e  f in d ia g b

here rep orted  i s  th a t  th ey  s t r e s s  th e  need fo r  

c o n tr o lle d  environm ental tem peratures whem mice 

are used in  t i t r a t io n s  o f  i n f e c t iv i t y  and p a r t ic ­

u la r ly  where experim ents are ca r r ied  out a t  

d if f e r e n t  tim es o f  year . I t  i s  u n lik e ly  th a t  th e  

c o ld  co n d itio n s  (approxim ately 43®F.) would be  

o fte n  u sed , b u t i t  i s  probable th a t  sm aller  v a r i­

a t io n s  e x e r t  an e f f e c t  and i t  would thus be d e s ir ­

a b le  to  x^ecord th e environm ental tem peratures in  

any d e sc r ip tio n  o f  such experim ents.
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APPEimiX

S ince  th e  m easure o f  th e  e f f e c t  o f  th e  a l t e r e d  

environm ent depends upon showing a  d i f f e r e n c e  in  

th e  cu m u la tiv e  50 p e r  c e n t ,  l e t h a l  dose e n d -p o in ts  

c a lc u la te d  by  th e  m ethod o f  Reed and Ijuench (1 9 3 8 ) ,I 

i t  i s  v e ry  im p o r ta n t to  e s tim a te  th e  e r r o r  o f  

in d iv id u a l  m id -p o in t d e te iro in a tio n s  so a s  to  s e t  

u p  c o n fid en ce  l i m i t s  w ith in  which th e  t r u e  end­

p o in t  sh o u ld  l i e  and th u s  to  t e s t  th e  s ig n i f ic a n c e  

o f  th e  d i f f e r e n c e  betw een  two e n d -p o in t d e te rm in a ­

t i o n s  .

The e r r o r  o f  a  s in g le  50 p e r  c e n t ,  e n d -p o in t 

d e te rm in a tio n  can  be  c a lc u la te d  from  th e  Heed and 

Muench m ethod by  th e  te c h n iq u e  o f  P lz z i  (1 9 5 0 ).

T h is  makes p o s s ib le  th e  d i r e c t  com parison o f  two
I
' u n r e la te d  e n d -p o in ts  w ith  g r e a t e r  econcany o f  

an im a ls  th a n  where th e  p r e c is io n  o f  an  e n d -p o in t 

i s  e s tim a te d  b y  re p e a te d  t i t r a t i o n s .

Schw erdt and  M e rre ll  (1962) have e s tim a te d  

th e  v a r i a t i o n  in  50 p e r  c e n t ,  e n d -p o in ts  c a lc u la te d  

b y  th e  Reed-liuench m ethod in  r e p l i c a t e  t i t r a t i o n s  

o f  L ansing  p o l io v i r u s  i n  c o t to n  r a t s .  The stan d ard  

e r r o r  was in  good a g re e n e n t w ith  t h a t  c a lc u la te d  

from  P i z z i ' s  fo rm u la . They p o in t  o u t ,  how ever, 

t h a t  t i l l s  fo n m ila  d e a ls  o n ly  w ith  v a r i a t io n s  

a r i s i n g  from  sim p le  sam pling and t h a t  i t  can o n ly  

be  ex p e c te d  to  a g re e  w ith  o b se rv ed  v a r ia t io n  in  

e n d -p o in t /
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e n d -p o in t d e te rm in a tio n s  i f  th e r e  i s  no a p p re c ia b le  

v a r i a t io n  in tro d u c e d  by  c a u se s  o th e r  th a n  sim ple 

sam p lin g . F o r t h i s  re a s o n , no a tte m p t h a s  been  

made to  compare th e  r e s u l t s  o f  ex p erim en ts  c a r r i e d  

o u t a t  d i f f e r e n t  t im e s ,  which a re  h e re  d e s c r ib e d .

The p o o l o f  v i r u s  w ith  which m ost o f  th e  work 

was done gave re a so n a b ly  c o n s is te n t  t i t r e s  o v e r a 

p e r io d  o f  th r e e  m onths b u t ,  s in c e  th e  lo w est 

s to ra g e  te m p e ra tu re  a v a i la b le  was -20®C., i t  was 

f e l t  n e c e s s a ry  to  c a r r y  o u t a  c o n t ro l  t i t r a t i o n  

w ith  each ex p erim en t so t h a t  th e  r e s u l t s  would n o t 

b e  in f lu e n c e d  b y  d e g ra d a tio n  due to  s to r a g e .  Thus,

where th e  P iz z i  fo n n u la  i s  u sed  in  th e  fo llo w in g
» *

a c c o u n t, i t  shou ld  b e  u n d e rs to o d  t h a t  th e  computed 

e r r o r s  r e f e r  to  t i t r a t i o n s  c a r r i e d  o u t w ith  th e  samb 

p o o l o f  v i r u s  on th e  same day so t h a t  th e  o n ly  

v a r i a t i o n ,  a p a r t  from  t h a t  a r i s i n g  from  sim ple 

sam pling  and e s tim a te d  b y  P i z z i 's  fo rm u la , shou ld  

b e  due to  th e  ex p e rim e n ta l s t im u l i .

By way o f  i l l u s t r a t i o n  an example (E xperim ent 

6 ) i s  g iv e n  o f  th e  e s t im a te s  o f  th e  LD50 by  th e  

method o f  l^ e d  and Muench o f  i t s  s ta n d a rd  e r r o r  by  

th e  P iz z i  fo im u la .



EXPERIMENT SA. 

Room Tem ceraturB
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The 60 p e r  c e n t ,  e n d -p o in t l i e s  betw een 
10-3  and 10~ 4 .

U sing fo rm u la  f o r  c a lc u la t io n  o f  th e  p ro p o r­

t i o n a t e  d i s t a n c e : -

^  p e r  c e n t .  -  C Q o rtaU ty  a t  d i l u t i o n  n e x t  below ) 
{ M o rta li ty  n e x t above) -  (M o r ta l i ty  n e x t below )

s  P ro p o r t io n a te  d is ta n c e

“ ^  -  E g4 0 - 6 7

-  0 .6 2 9

The f i n a l  r e a d in g s  a re  a s  fo llo w s  s -  

L ogarithm  o f  lo w er d i l u t i o n  ■ -3

P ro p o r t io n a te  d is ta n c e  X lo g .  d i l u t i o n  f a c t o r

0 .6 2 9  X 1 -0 .6 2 9 5

Sum ( lo g .  o f  « id - p o in t )  -3 ,6 2 9 5

Group
No.

Log. dose i 
o f  v i r u s A liv e Dead

Tote
A liv e

a s
Dead

p e r  can 
M o rta li

t .
t y

LL 16 -2 .0 0 3 2 3 1 0 . L 76

LL 18 -3 .0 0 1 4 4 8 67

LL 20 -4 .0 0 2 3 6 4 40

LL 22 -5 .0 0 5 0 11 1 8

LL 24 -6 .0 0 5 0 16 1

LL 26 -7 .0 0 5 0 21 1

LL 28 -8 .0 0 4 1 25 1

LL 30 -9 .0 0 5 0 30 ' 0
.J
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EXPERIMENT SB. 

C old Environm ent

Group
No.

Log. dose 
o f  v i r u s A liv e Dead

Tota
A liv e

i l s
Dead

p e r  cen t*  
M o r ta l i ty

LL 17 -2 .0 0 0 6 0 34 L 100

LL 19 —3.0 0 0 5 0 19 100

LL 21 -4 .0 0 2 3 2 14 8 7 .6

LL 23 -5 .0 0 2 3 4 11 73

LL 25 -6 .0 0 0 6 4 8 67

LL 27 -7 ,0 0 5 0 9 3 25

LL 29 -8 .0 0 3 2 12 3 20

LL 31 -9 .0 0 4 1 16 ' r 1

The'SO p e r  c e n t ,  e n d -p o in t l i e s  betw een  
10-G and 10“ " .

U sing  fo rm ule f o r  c a lc u la t io n  o f  th e  p ro p o r­

t i o n a t e  d i s t a n o e t -

0 .4 0 5-  5 0 - 6 7  
25 -  67

=iZ
-42

The f i n a l  r e a d in g s  o b ta in e d  a r e  a s  f o l lo w s :-  

L ogarithm  o f  lo w er d i l u t i o n  « -6 .0 0

P ro p o r t io n a te  d is ta n c e  X lo g .  d i l u t i o n  f a c to r

0 .4 0 6  X 1 0 .405

Sum ( lo g .  o f  e n d -p o in t)  -6 .4 0 5
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A pplying  th e  P iz z l  fo rm u la :-

SE ,uy y------
/so  s  /  0 .79C

Where h 

n

79(h)(R)  
n

I n t e r v a l  on lo g .  s c a le  betw een d llu t io a ia  = 1 

nuinber o f  an im als  p e r  d i l u t i o n  m 5

R s  i n t e r v a l  on lo g .  s c a le  betw een
cu m u la tiv e  26 p e r  c e n t ,  and 76 p e r  c e n ^ . 
p o s i t i o n s .

A pplying t h i s  fo im u la  to  th e  r e s u l t s  o f  Experim ent 

5 ,  i t  can  b e  seen  t h a t  in  th e  t i t r a t i o n  c a r r i e d  o u t 

i n  th e  warm en v iro n m e n t:-

LD75 a 10 -2  

W 26 s  10“^*® 

th u s  th e  intervcuL on th e  lo g .  s c a le  betw een th e  

cu m u la tiv e  26 p e r  c e n t ,  and 76 p e r  c e n t ,  p o s i t io n s  

i s  2 .6  s  H

SE
id /

/so y  0 .7 9 (1 1 (2 .5 1

0 .3 9  

r 0 .6 2

A pplying  th e  same fo rm u la  to  th e  r e s u l t s  o f  th e  

t i t r a t i o n  in  E xperim ent 5 c a r r i e d  o u t in  th e  c o ld  

en v iro n m en t, v/here LD75 ■ 10“^ and LD25 a 10-7  

th e  i n t e r v a l  on th e  lo g .  s c a le  betw een th e  cuzoulatl 

25 p e r  c e n t ,  and 76 p e r  c e n t ,  p o s i t io n s  i s  2 .0  a H 

SE

vm

% )  = /o . . 79 .a > (2 j
V 5

■ y  0 .3 2

= 0 .5 6
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The s ta n d a rd  e r r o r s  th u s  c a lc u la te d  be 

u se d  to  t e a t  th e  d i f f e r e n c e  betw een  th e  two 50 p e r  

c e n t ,  e n d -p o in ts  by  th e  ususil fo rm ula  : -

JSE
a i f f .

If SÊ 2

and

th e n  SE
d l f f

n SE o f  th e  LD50 in  th e  warm environineht 

■ 0 .3 9

s  SE o f  th e  LD50 in  th e  c o ld  envîronm eht 

= 0 .3 2

-  fô ~ .'71

r  0 .8 4 2

and any d i f f e r e n c e  sh o u ld  be  more th a n  tw ic e  t h i s  

v a lu e  to  b e  c o n s id e re d  o u ts id e  th e  chance ra n g e .

In  t h i s  ca se  

l o g .  LD50 (Warm) s  -3 .6 3

lo g .  LDÔ0 (C old) s  -6 .4 0 5

D if fe re n c e  on lo g .  s c a le  a 2 .776

T h is  d i f f e r e n c e  i s  more th a n  th r e e  tim e s  th e  

s ta n d a rd  e r r o r  o f  th e  d i f f e r e n c e  a s  c a lc u la te d  

above and i s  th u s  s ig n i f i c a n t  a t  th e  95 p e r  c e n t ,  

p r o b a b i l i t y  l e v e l .
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MORTALITY TABLE

E xperim ent
Number 2

N eg a tiv e  l o g .  
d i l u t i o n s  o f  v i r u s  

3 4  5 6 7 8 9 LD50

3A 5 3 2 1 0 — — 2Q -3.66

3B 4 4 3 3 0 - - 1Q-/1.37

3C 5 4 2 1 1 - - - 1 0 -3 .5 6

3D 6 4 3 2 1 - - - IQ—4 .4 8

4A 3 4 2 1 0 - — — 1 0 -3 .5 4

4B 6 6 3 1 0 - - - 1 0 -4 .3 1

4C 4 4 2 0 0 - - - 10~3 .54

4D 4 5 2 1 1 - - 10—3.57

6 (WARM) 2 4 3 0 0 0 1 0 10—3.6 3

5 (COLD) 6 5 3 3 5 Q 2 1 1 0 -6 .4

6 (COLD) 5 6 3 3 3 2 2 0 1 0 -6 .1 7

6 (WAm) 3 5 2 1 1 0 1 0 I q-3 .5 7

F iv e  m ice were u se d  to  t e s t  each d i l u t i o n  In  th e  

above t i t r a t i o n s .
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JORCALITY TABLE

Experiment
Nuinber

N eg a tiv e  lo g .  
d i l u t i o n s  o f  v i r u s  

2 3 4 5 6 7 8 9
LD50

(ADAPTED)

(NOT ADAPTED]

12
(WAm)

12
(THYROXINE)

— — 6 5 2 1 0  —

— — 6 3 3 3 1 -

3 6 2 1 2 1 2 1

5 3 4 1 2 6 3 1

10"^ "28

10- 6 .1 7

10-4 .1 7

10- 6 .4

S ix  mice were u se d  to  t e s t  each d i l u t i o n  in  th e  

above t i t r a t i o n s , (E xperim en ts 7 and 1 2 ) .

10
(WARM)

10
(CORTISONE)

-  16 15 9 7

-  14 15 11 7

5 .4 3  

XO"*̂  .47

S ix te e n  m ice were u se d  to  t e s t  each d i lu t i o n  In  th e  

above t i t r a t i o n s ,  (E xperim ent 1 0 ) .
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