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A d j u v a n t - I n d u c e d  Liver  D i s e a s e  in M i c e - T r a n s f e r  E x p e r i m e n t s  

Since t h e  i n t r o d u c t i o n  b y  FREUND a n d  McDERMOTT 1 
of a d j u v a n t  c o n t a i n i n g  ac id - fas t  baci l l i  for  t he  r ap id  im-  
m u n i z a t i o n  of a n i m a l s  to  va r ious  t issues,  i t  h a s  b e c o m e  
a p p a r e n t  t h a t  t h e  a d j u v a n t  a lone  can  cause  w idesp read  
h is to logica l  changes  in d i f f e ren t  k inds  of a n i m a l s  if in-  
j e c t e d  i.e., i .m. or i.p. 2. R e p e a t e d  in jec t ions  of FREUND'S 
a d j u v a n t  t h u s  gave  r ise to  mi l i a ry  g r a n u l o m a s  in  t h e  
l ive r  w i t h  p r e d o m i n a n t l y  p a r a v a s c u l a r  loca l iza t ion ,  in-  
f i l t r a t i o n  of t h e  p e r i p o r t a l  f ields w i t h  m o n o n u c l e a r  cells, 
a n d  a n  inc rease  of K u p f f e r  cells ~-5. T h e  p a t h o g e n e s i s  of 
t h e s e  les ions is n o t  clear.  I t  cou ld  be  a tox ic  effect  of 1 or 
m o r e  c o m p o n e n t s  of t h e  a d j u v a n t ,  or  i t  cou ld  r e p r e s e n t  
a n  i m m u n o l o g i c a l  effect.  A d j u v a n t - i n d u c e d  a r t h r i t i s  c an  
b e  t r a n s f e r r e d  w i t h  l y m p h o i d  cel l  suspens ions  in  r a t s  6, 
w h i c h  ind ica t e s  t h a t  a n  i m m u n o l o g i c a l  p r inc ip le  is t h e  
bas i s  of t h e  disease.  I t  would  t he r e fo re  be  of  i n t e r e s t  t o  
t r y  to  t r a n s f e r  t h e  a d j u v a n t  l iver  d isease  in  a s imi la r  way.  
Recen t ly ,  SCHEIFFARTH et  al. 7 m a d e  t r a n s f e r  e x p e r i m e n t s  
a f t e r  i m m u n i z a t i o n  of mice  w i t h  l iver  in FREUND'S com-  
p le t e  a d j u v a n t ,  a f t e r  i m m u n i z a t i o n  w i t h  a d j u v a n t  alone,  
a n d  a f t e r  l ive r  d a m a g e  p r o v o k e d  b y  c a r b o n  t e t r ach lo r ide .  
Successful  t r a n s f e r  was  o b t a i n e d  w i t h  l y m p h o i d  ceils f rom 
a n i m a l s  i m m u n i z e d  w i t h  l ive r  a n d  a d j u v a n t ,  b u t  n o t  
f rom a n i m a l s  i m m u n i z e d  w i t h  a d j u v a n t  a lone.  A s l i gh t  
effect,  however ,  was  o b t a i n e d  w i t h  l y m p h o i d  cells f r om 
c a r b o n  t e t r ach lo r ide -po i soned  mice.  

T h e  p r e s e n t  a u t h o r  h a s  f u r t h e r  a n a l y s e d  t h i s  p r o b l e m  
w i t h  h ighe r  doses  of t r a n s f e r r e d  cells t h a n  t hose  used  b y  
SCHEIFFARTH et  al. 

Methods. A group  of 30 C3H mice  were  i n j ec t ed  week ly  
for 9 weeks  w i t h  0.1 ml  FREUND'S comple t e  a d j u v a n t  
(Difco) i.e. in  t h e  tai ls .  Some  mice  d ied ;  a t  t h e  end  of t h e  
in j ec t ion  schedule  on ly  14 were  left,  of wh ich  7 were ki l led 
and t h e i r  sp leen cells col lected a n d  in j ec t ed  p e r i t o n e a l l y  
in to  7 rec ip ients .  E a c h  rec ip ien t  was  g iven  350 x 10 ~ cells. 
The  r e m a i n i n g  7 donor s  go t  a n o t h e r  2 weekly  in jec t ions  
a n d  were  t h e n  killed. Sp leen  cells were  t r a n s f e r r e d  i.p. 
to  t he  s ame  7 rec ip ients ,  each  one go t  250 × 106 cells. 
Thus ,  each  r ec ip i en t  rece ived  in t o t a l  600 x 10 * cells, 
g iven  in 2 doses, 3 weeks  a p a r t .  2 weeks  a f t e r  t h e  l a s t  
transfer, t h e  r ec ip ien t s  were killed. 

Pa ra l l e l  t o  this ,  a s imi la r  t r a n s f e r  was  m a d e  f rom un-  
t r e a t e d  mice :  19 h e a l t h y  d o n o r s  gave  350 × 10 e to  each  of 
6 mice ;  1 d ied  la te r .  A t  t h e  second  t r ans fe r ,  on ly  9 mice  
were necessa ry  to  p rov ide  250 x 10*/recipient.  

T h e  y ie ld  of sp leen  cells t h u s  v a r i e d  s o m e w h a t  in  dif- 
f e r en t  e x p e r i m e n t a l  groups ,  p a r t l y  owing to  d i f ferences  in 
spleen size, p a r t l y  to  ef f ic iency in t e a r i n g  t h e  spleens.  

F r o m  each  an imal ,  2 l iver  pieces were f ixed a n d  
sect ioned.  F r o m  t h e  h e a l t h y  con t ro l  donors ,  however ,  a 
t o t a l  of on ly  20 l ivers  were fLxed. 

T h e  sl ides were  coded  a n d  r ead  b l ind ly .  F r o m  each  
l iver  piece,  4 sl ides were  p repa red .  T he  n u m b e r  of g r a n u -  
l omas  in 10 microscopic  f ields ( ×  600) was  c o u n t e d  a n d  
used  as  a n  ob j ec t i ve  score of h e p a t i c  i n v o l v e m e n t .  

Results. H e a l t h y  mice  (donors  of con t ro l  cells):  a m o n g  
t h e  20 animMs,  t h e  n u m b e r  of g r a n u l o m a / 2 0  microscopic  
f ields (2 pieces were  s tud ied  f rom each  l iver)  va r i ed  f rom 
13-32 w i t h  a m e a n  of 19.7 4- 1 . i .  S t a n d a r d  d e v i a t i o n  is 
4.87, a n d  a one - t a i l ed  t - t e s t  a t  a s igni f icance  level  of 
p = 0.01 gives  a n  u p p e r  f iduc ia l  l i m i t  of 32.1. Therefore ,  
as  pos i t i ve  f i nd ings  o n l y  a n i m a l s  w i t h  a score o v e r  32 
a re  accep ted .  A d j u v a n t - t r e a t e d  dono r s :  a m o n g  t h e  14 
a n i m a l s  t h a t  were  p a r t  of th i s  s tudy ,  t h e  score va r i ed  
b e t w e e n  50 a n d  170 w i t h  a m e a n  of 104 :k 8.5. AU t h e s e  
a n i m a l s  a re  t h u s  c lear ly  d i seased  a n d  t h e i r  m e a n  differs  
s t r o n g l y  f r o m  t h a t  of u n t r e a t e d  an ima l s .  

Rec ip i en t s  g iven  cells f r om a d j u v a n t - t r e a t e d  donors :  
a m o n g  these  7 an imals ,  t h e  score va r i ed  f rom 20-66 w i t h  
a m e a n  of 33.4 ~ 5 .0 .4  of t h e m  showed  a score a b o v e  32. 

Rec ip i en t s  g iven  cells f r om con t ro l  donor s :  a m o n g  5 
an imals ,  t h e  score va r i ed  f rom 19-66 w i t h  a m e a n  of 
35.8 ~ 8.1. 2 of t h e m  showed  va lues  a b o v e  32, a n d  a 
t h i r d  h a d  a v a l u e  of 31. 

L i v e r  i n v o l v e m e n t  was  t h u s  o b s e r v e d  a f t e r  t r a n s f e r  of 
cells f r om b o t h  a d j u v a n t - t r e a t e d  d o n o r s  a n d  con t ro l  
donors ,  a n d  no  d i f ference  b e t w e e n  the se  2 g roups  could  
b e  seen. 

Discussion. T h e  l iver  d isease  i n d u c e d  w i t h  FREUND'S 
comple t e  a d j u v a n t  could  n o t  be  t r a n s f e r r e d  e i t h e r  in  t h e  
p r e s e n t  e x p e r i m e n t s  or  in  t h o s e  p u b l i s h e d  b y  SCI~EIF- 
FARTtt e t  aLL I n  c o n t r a s t  to  t h e  l a t t e r  a u t h o r s '  resul ts ,  
s ign i f i can t  l ive r  i n v o l v e m e n t  was  reg i s te red  in  t h e  p r e s e n t  
s t u d y  also a f t e r  t r a n s f e r  of n o r m a l  l y m p h o i d  cells. T h e  
d i f fe rence  is r e ad i l y  e x p l a i n e d  b y  t h e  d i f ferences  in  t r a n s -  
fe r red  dose  of cells a n d  also in d i f f e ren t  i n j e c t i o n  sched-  
ules. T h e  f ind ings  of  l iver  i n v o l v e m e n t  a f t e r  t r a n s f e r  of 
l y m p h o i d  cells f rom a n i m a l s  t r e a t e d  w i t h  c a r b o n  t e t r a -  
ch lor ide  p e r h a p s  r e p r e s e n t s  a n  a u g m e n t a t i o n  of t h e  e f fec t  
seen b y  t r a n s f e r  of a n y  l y m p h o i d  cells. 

The  re su l t s  a re  t h u s  c o n t r a r y  to  t hose  desc r ibed  b y  
~VAKsMAN a n d  V~ENNERSTEN 6 on  a d j u v a n t  a r th r i t i s .  T h e  
i m m e d i a t e  conc lus ion  is t h a t  t h e  a d j u v a n t - i n d u c e d  l iver  
i n v o l v e m e n t  is d u e  to  a d i r ec t  tox ic  effect .  T o  t r y  t o  
e luc ida te  t h i s  m a t t e r  fu r the r ,  a s h o r t  series was  m a d e  
whe re  t h e  e f fec t  of  FREUND'S c o m p l e t e  a n d  i n c o m p l e t e  
a d j u v a n t  ( the  l a t t e r  l ack ing  m y c o b a c t e r i a )  was  compared .  
I n  these  e x p e r i m e n t s ,  a scor ing  of l iver  i n v o l v e m e n t  w i t h  
on ly  0, + a n d  + + was  made .  T h e  fol lowing resu l t s  were  
o b t a i n e d :  5 mice  i m m u n i z e d  w i t h  l iver  + comple t e  
a d j u v a n t :  2 + ,  3 + + .  5 mice  in j ec t ed  w i t h  comple t e  
a d j u v a n t  a lone :  3 + ,  2 + + .  5 mice  in j ec t ed  w i t h  incom-  
p le te  a d j u v a n t  a lone :  al l  scored 0. 

T h u s  i t  was  n o t  poss ib le  to  d e m o n s t r a t e  a de f in i t e  tox ic  
ef fec t  of t he  n o n - b a c t e r i a l  c o m p o n e n t s  of t h e  FREUND'S 
a d j u v a n t ,  in  c o n t r a s t  to  w h a t  o t h e r  a u t h o r s  ~,4 h a v e  
c la imed.  

Zusammen/assung. Milzzellen v o n  C3H-Miiusen m i t  
a d j u v a n t  i n d u z i e r t e r  L e b e r k r a n k h e i t  h a t t e n  be i  g e s u n d e n  
M~Lusen ke ine  s t~ rke re  tox i sche  W i r k u n g  als solche y o n  
n o r m a l e n  Mfiusen. 
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