
476 Specialia EXPERIENTIA 29/4 

s h a m - i r r a d i a t e d  whole  l iver  va lues  d u r i n g  t he  f i rs t  2 days  
a f te r  t h e  t i m e  of i r rad ia t ion .  

No s ign i f ican t  effect  of i r r ad i a t i on  was  de t ec t ed  i or 
2 days  a f t e r  exposure  to  doses up  to  18 kR.  Th i s  absence  
of de tec tabIe  effect  a t  doses of 18 k R  or less is n o t  t he  
resu l t  of in  v ivo  e l i m i n a t i o n  f rom t h e  l iver  of dead  or 
i n ju r ed  cells because  no s ign i f ican t  l iver  we igh t  changes  
due to  these  r a d i a t i o n  exposures  occur  d u r i n g  t he  f i rs t  
several  days  Mter - i r r ad ia t ion .  I n  con t ras t ,  m e a n  incorpora-  
t i on  was s ign i f i can t ly  r educed  b y  2 days  a f te r  i r r ad ia t ion ,  
fol lowing doses equa l  to  or g rea te r  t h a n  27 k R .  G r ea t e r  
i n h i b i t i o n  was  obse rved  3 days  fol lowing 45 k R  t h a n  2 days  
a f t e r  t h e  same  exposure ,  showing  t h a t  h e p a t o c y t e  r ad ia -  
t ion  i n j u r y  requi res  severa l  days  for express ion  even  a t  
these  large doses. The re  was a s ign i f ican t  i n c r e a s e  in 
i nco rpo ra t i on  of leucine b y  t he  shie lded lobe 3 days  a f t e r  
45 k R  as c o m p a r e d  to  t he  co r re spond ing  s h a m - i r r a d i a t e d  
con t ro l  value.  Th i s  p r o b a b l y  reflects  t he  onse t  of compen-  
sa t ion  for cell k i l l ing in t h e  i r r ad i a t ed  lobes. The  h ighes t  

�9 exposure  (91 kR)  r e su l t ed  in  a l m o s t  comple te -cessa t ion  of 
i nco rpo ra t i on  a t  2 days.  E x p o s u r e  to a dose of 36 k R  or 
h ighe r  caused  t he  l iver  to  become  necro t ic  a n d  yel lowish 
in  a p p e a r a n c e  a n d  di f f icul t  to  homogenize .  

T h e r e  have been v e r y  few repor t s  on r ad io - sens i t i v i t y  
of t h e  l iver  to  ear ly  d a m a g e  ut i l iz ing local l ive r  i r r a d i a t i o n  
and  these  resu l t s  are no t  cons is ten t .  GI~RSHBI~IN 4 i r r a d i a t e d  
t he  ex ter ior ized  lobes r e m a i n i n g  a f te r  pa r t i a l  hepa -  
t e c t o m y  in r a t s  and  obse rved  no l iver  p a t h o l o g y  below a 
dose of 20 k R  a t  11 days  a f t e r  exposure .  I n  dogs rece iv ing  
2.8 t o 5 . 9  k R  to t he  ex ter ior ized  liver,  necrosis  of hepa t i c  
p a r e n c h y m a  was ev iden t  in  c e r t a i n  an ima l s  f rom i d a y  
to  8 m o n t h s  a f t e r  exposure  8. ARIEL ~ car r ied  ou t  localized 
i r r ad i a t i on  of r a b b i t  l ivers  a n d  obse rved  necro t ic  d a m a g e  
a f t e r  30 k R  a n d  h igher  doses b u t  no t  a f t e r  3 k R  or less. 

The  resu l t s  of t h e  p r e s en t  s t u d y  cor re la te  w i t h  t he  
earl ier  morpho log ica l  work  of ARIEL 2 a n d  GERSHBEIN 4, 
showing  t h e  e x t r e m e  rad iores i s tance  of hepa t i c  cell to  
ear ly  i n t e r p h a s e  dea th .  This  is in  m a r k e d  c o n t r a s t  to  t he  

v e r y  grea t  r ad io - sens i t iv i ty  of r a t  t h y m o c y t e s  which  die 
in  i n t e r p h a s e  w i t h i n  2 days  in v ivo  9 or in  v i t ro  1~ u 
fol lowing exposures  of 1 k R  or  less. The  m e c h a n i s m  of 
these  large di f ferences  in  r ad io - sens i t i v i t y  a m o n g  va r ious  
cell t ypes  r e m a i n s  u n k o w n  i~. 

Rdsumd. Les lobes an t6 r i eu r s  du  foie de r a t s  on t  6t6 
pr61ev6s et  expos6s aux  r a y o n s - X  j u s q u ' s  des doses de 
91 k R  et  en e m p l o y a n t  c o m m e  i n d i c a t e u r  b ioch imique  de 
s u r v i v a n c e  l ' i n c o r p o r a t i o n  de aH-leucine. Une  dose de 
45 k R  f i t  d i m i n u e r  l ' i n c o r p o r a t i o n  au  cours  des 3 p remie r s  
jours  s u i v a n t  l ' expos i t ion ;  ce t y p e  de blessure  de r a d i a t i o n  
n6cessi te  donc p lus ieurs  jours  p o u r  se mani fes te r .  Ces 
r6su l ta t s  m o n t r e n t  q u ' a u  c o m m e n c e m e n t  de l ' i n t e r p h a s e  
l ' h 6 p a t o c y t e  est  e x t r ~ m e m e n t  r6 s i s t an t  g la  m o r t  pa r  
r ad ia t ion .  
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T h e r a p e u t i c  and I m m u n o l o g i c  Effects  of I o d o a c e t a t e  in M a t u r e  A K R  Mice  1 

I t  h a s  b e e n  sugges ted  t h a t  ce r t a in  su l fhydry l  i n h i b i t o r s  
(e.g., iodoace ta te ,  i odoace tamide ,  oxophena r s ine )  m a y  
ac t  p re fe ren t i a l l y  on  neop las t i c  cells 2-5. I o d o a c e t a t e  ha s  
been  u t i l ized  as a c h e m o t h e r a p e u t i c  a d j u n c t  to  su rge ry  
for  t he  m a n a g e m e n t  of se lected cance r  p a t i e n t s  3-5, a n d  
also ha s  been  e m p l o y e d  to mod i fy  t u m o r  cells for i m m u n o -  
p r o p h y l a x i s  in  ce r t a in  e x p e r i m e n t a l  m u r i n e  mode l  t u m o r  
sys t ems  s-s. The  effect  of th i s  agent ,  however ,  On i m m u n o l -  
ogic respons iveness  in  p a t i e n t s  or in  these  mode l  sys t ems  
ha s  n o t  been  examined .  

The  p r e s e n t  r e p o r t  s u m m a r i z e s  t he  effects  of iodo- 
a ce t a t e  on  su rv iva l  a n d  on  splenic  p l a q u e  f o r m a t i o n  in 
m a t u r e  A K R  mice,  a mode l  s y s t e m  in wh ich  t h e r e  is a 
un i fo rm  inc idence  of s p o n t a n e o u s  l y m p h o i d  l eukemia  
(100% in our  colony),  a n d  a r e l a t ive  c o n s t a n c y  of t h e  
d e a t h  ra te .  

Materials and methods. 6 - t o - 7 - m on t h  old  f emale  A K R  
mice,  p u r c h a s e d  f rom J a c k s o n  Labora to r i e s ,  B a r  H a r b o r ,  
Maine,  were  r a n d o m i z e d  in to  t r e a t e d  a n d  con t ro l  groups  
(90 mice /group) ,  a n d  inc luded  on ly  those  a n i m a l s  w i t h  
p a l p a b l e  t h y m o m a s  a n d  sp lenomega ly .  

Mice in  t h e  t r e a t e d  group  rece ived  5 i.p. in jec t ions  each  
of 0.5 m l  q u a n t i t i e s  of 10-8M sod ium iodoace ta t e  a t  
10-day in te rva l s .  P lacebo  con t ro l  mice  rece ived  t h e  same 
r eg imen  of t h e  d i luen t ,  H a n k ' s  b a l a n c e d  sa l t  solut ion.  As 
t h e  mice  died, t h e i r  t h y m u s e s  a n d  spleens were weighed:  

6 days  a f t e r  each  in jec t ion ,  s a m p l i n g  of mice  f rom t h e  2 
g roups  (4-6 mice / sample)  were a d m i n i s t e r e d  0.5 ml  of 
25% suspens ion  of sheep e r y t h r o c y t e s  (SRBC).  4 days  
la ter ,  spleens f rom these  an ima l s  were r e m o v e d  a n d  
assayed  for t o t a l  n u m b e r s  of p l a q u e  fo rming  cells (PFC),  
us ing  a mod i f i c a t i on  of t he  hemolys is - in-ge l  p l a q u e  
p rocedure  descr ibed  b y  JERNE a n d  2qORDIN 9. R a b b i t  
a n t i - m o u s e  IgG was  added  to  each  t e s t  p l a t e  w h i c h  per-  
m i t t e d  t h e  d e v e l o p m e n t  of b o t h  IgM a n d  IgG  plaques .  
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Values  r epo r t ed  r e p r e s e n t  t he  m e a n  n u m b e r  of PFC/10  * 
n u c l e a t e d  ceils f rom 4 - 6  pla tes .  

Results. 100% s u r v i v a l  was  n o t e d  in iodoace ta te -  
t r e a t e d  A K R  mice  t h r o u g h  40 days  pos t - i n i t i a t i on  of 
t r e a t m e n t ,  as c o m p a r e d  w i t h  84% s u r v i v a l  in  t he  p lacebo  
g roup  (Figure) .  Af t e r  t e r m i n a t i o n  of t r e a t m e n t  (40 days) ,  
t h e  su rv iva l  r a t e  of t he  t r e a t e d  mice  dec l ined  g radua l ly  
t h r o u g h  70 days,  fol lowed b y  a more  r a p i d  decl ine  
b e t w e e n  t h e  70 th  a n d  90 th  day.  40% su rv iva l  was  n o t e d  
for  t h i s  g roup  a t  t h e  t e r m i n a t i o n  of t he  e x p e r i m e n t  (129 
days  pos t - i n i t i a t i on  of t r e a t m e n t ) .  T he  su rv iva l  r a t e  of 
t he  con t ro l  g roup  decl ined  a t  a r e l a t ive ly  s t e a d y  ra te ,  
w i t h  24% of t h e  mice  s u r v i v i n g  t h e  t e s t  per iod.  T he  m e a n  
s u r v i v a l  t i m e  of t he  t r e a t e d  mice  was 99 ~ 5.7 days,  as 
c o m p a r e d  w i t h  84 • 7.7 days  in t h e  p lacebo  con t ro l  
group.  The  su rv iva l  cu rve  of u n t r e a t e d  A K R  mice  is n o t  
dep ic ted ,  s ince i t  s i m u l a t e d  t h a t  r ecorded  for t h e  p lacebo  
con t ro l  an imals .  

The  m e a n  t h y m u s  we igh t  of t r e a t e d  mice was m a r k e d l y  
less t h a n  was n o t e d  for  t h e  con t ro l  g roups  (248.7 m g  • 
54.3 m g  vs. 399.6 m g •  84.4 mg), whi le  t he  m e a n  spleen 
w e i g h t  of i odoace ta t e - t r ea t e / t  mice  was g rea te r  (338.2 m g  
• 61.2 m g  as opposed  to 286.3 m g  -4- 59.8 rag). 

A l t h o u g h  t he  t o t a l  n u m b e r  of splenic  P F C  was  m a r k -  
ed ly  increase  in  t h e  t r e a t e d  mice  g roups  a t  all  t e s t  
in te rva l s ,  t h e  g r ea t e s t  increase  occur red  fol lowing t h e  3rd 
i n j ec t i on  of iodoace ta te .  T he  m a g n i t u d e  of t he  splenic  
p l a q u e  response  in t r e a t e d  A K R  mice  fol lowing t he  4 th  
a n d  5 th  in jec t ions  of iodoace ta te ,  a l t h o u g h  s ign i f i can t ly  
e leva ted ,  was  s o m e w h a t  less t h a n  t h e  4-fold increase  n o t e d  
a f t e r  t he  3rd in j ec t ion  of t h e  agent :  T he  splenic  p l a q u e  
f o r m a t i o n  of t he  p lacebo  con t ro l  mice  was  r e l a t ive ly  
c o n s t a n t  t h r o u g h  t he  course of t he  e x p e r i m e n t  (Table).  
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Ef fec t  of  5 in ject ions of  iodoacetate (10-day- intervals)  on the mean 
survival rate of leukemic AKR mice. 

Splenic plaque formation in mature AKR mice during treatment 
with iodoacetate 

Discussion. The  resu l t s  of these  e x p e r i m e n t s  dem-  
o n s t r a t e  t h a t  t h e  su l fhyd ry l  inh ib i to r ,  iodoace ta te ,  can  
ef fec t ively  reduce  t he  m e a n  t h y m u s  we igh t  of A K R  mice  
a n d  increase  t h e i r  m e a n  surv iva l .  Moreover ,  l eukemic  
A K R  mice  g iven  t h i s  a g e n t  d e m o n s t r a t e d  an  e n h a n c e d  
i m m u n e  response  to  SRBC,  as re f lec ted  b y  s t a t i s t i ca l ly  
s ign i f i can t  increases  in  n u m b e r s  of splenic  P F C  t h r o u g h o u t  
t he  t r e a t m e n t  per iod.  

Whi l e  i t  has  been  sugges ted  t h a t  c e r t a i n  su l fhydry l  
i nh ib i t o r s  m a y  p re fe ren t i a l ly  a t t a c k  neop las t i c  cells 2-5, 
t h e  specific site(s) of a t t a c k  b y  these  agen t s  in  t u m o r  cells 
is no t  p r e s e n t l y  k n o w n  10,11. 

P e r t i n e n t  to  t he  p r e s e n t  s tudy ,  i t  h a s  been  shown  t h a t  
t u m o r  cells t r e a t e d  w i t h  iodoace ta t e  in  v i t r o  p r o t e c t  mice  
aga ins t  s u b s e q u e n t  cha l lenge  w i t h  v iab le  t u m o r  cells 6-s. 
Add i t iona l ly ,  BLACK et  al. 2, a n d  more  r ecen t ly  KNOCK 
et  al. a-5 h a v e  i n t i m a t e d  t h a t  c e r t a i n  su l fhyd ry l  i n h i b i t o r s  
m a y  exer t  t h e i r  effects  v ia  s t i m u l a t i o n  of t h e  h o s t ' s  
i m m u n e  m e c h a n i s m ,  b u t  these  sugges t ions  requ i re  f u r t h e r  
c lar i f ica t ion.  

Whi l e  we are u n a b l e  to  re la te  t he  pa l l i a t i ve  effects  n o t e d  
in  i o d o a c e t a t e - t r e a t e d  A K R  mice  to  t h e i r  a p p a r e n t  increase  
in i m m u n o c o m p e t e n c e ,  s imi la r  a d j u v a n t - l i k e  effects  
h a v e  been  r epo r t ed  fol lowing a d m i n i s t r a t i o n  of 6-mer-  
cap topur i l l e  12, uraci l  m u s t a r d  la a n d  c y c l o p h o s p h a m i d e  14. 

Thus ,  t he  p r e s e n t  d a t a  m a y  indeed  re f l ec t  iodoace ta te -  
m e d i a t e d  i m m u n o s t i m u l a t i o n ,  or  m a y  be  a consequence  
of t e s t i n g  a selected p o p u l a t i o n  of l y m p h o i d  cells due  to  
p re fe ren t i a l  lysis  of t u m o r  cells. 

These  exper iences  sugges t  t h a t  ce r t a in  agen t s  c u r r e n t l y  
emp loyed  in t he  c h e m o t h e r a p e u t i c  sense to  t r e a t  m a l i g n a n t  
disease m a y  h a v e  a n  a d j u v a n t - l i k e  effect  on  t h e  i m m u n e  
m e c h a n i s m ,  a n d  w a r r a n t  f u r t h e r  i n v e s t i g a t i v e  a t t e m p t s  
to  o b t a i n  b o t h  a m a x i m u m  an t ineop l a s t i c  ac t iv i ty ,  a n d  a n  
increased  level  of i m m u n o c o m p e t e n c e  in t h e  cance r  
pa t i en t .  

Rdsumd. A des souris  A K R  leuc6miques  on  a d m i n i s t r e  
u n  t o t a l  de 5 in jec t ions  de su l fhydry le  inh~bi teur ,  iodo- 
ac6ta te ,  g 10 jours  d ' in t e rvMle .  Ce r6gime p r o d u i t  une  
a u g m e n t a t i o n  de s u r v i v a n c e  m o y e n n e  de 15 jours  p a r  
r a p p o r t  au  groupe  t6moin .  40% des souris  t r a i t6es  v i v e n t  
delg de la p6r iode d ' e x p & i m e n t a t i o n .  Chez ce r t a ines  
souris  t ra i t6es ,  on cons t a t e  l ' a u g e m t a t i o n  s t a t i s t i q u e m e n t  
assez i m p o r t a n t e  des n o m b r e s  t o t a u x  de cellules sp l6niques  
fo rmat r i ces  de p l a q u e t t e s  s tous  les s t ades  d ' e x p 6 r i m e n -  
ra t ion .  
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Test 
intervals 
(days) 

No. of Total number PFC 
injections Treated group Placebo group 

p-value b 

10 1 535:~:64.9 1994- 8.4 <0.025 
20 2 510:~:19.6 119-/30.3 <0.001 
30 3 759=[=42.5 179:~31.5 <0.001 
40 4 387q-31.2 1584-18.7 <0.01 
50 5 453~14 .4  177-4- 6.4 <0.001 

a Total number of plaque forming cells/10 ~ nucleated spleen cells. 
o p-values determined by Student's t-test. 
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