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On the Radio-Sens i t iv i ty  of Rat Liver 

Al though  the  effects of i r rad ia t ion  on various metabol ic  
act ivi t ies  of l iver  have  been ex tens ive ly  inves t iga ted  ~, 
mos t  of these  s tudies  were carried ou t  af ter  to ta l  b o d y  
i r radiat ion,  mak ing  it diff icult  to  d is t inguish  be tween  
effects  of i r rad ia t ion  on the  l iver  per  se and abscopal  
effects.  Despi te  the  general  a s sumpt ion  of radiores is tance  
of liver, d a t a  in th is  regard  is sparse and  even the  few 
inves t iga t ions  involving i r rad ia t ion  of only  the  l iver or 
l iver area have  yie lded confl ic t ing results2-S. In  order  to 
more  di rec t ly  s tudy  the  sens i t iv i ty  of G O hepa tocy t e s  to 
in te rphase  rad ia t ion  death ,  I have  inves t iga ted  the  effect  
of i r rad ia t ing  exter ior ized por t ions  of ra t  liver, wi th  the  
res t  of the  l iver and  body  shielded, using incorpora t ion  of 
~H-leucine in to  Trichloro-acet ic  acid (TCA) prec ip i table  
mater ia l  as a b iochemical  index of cell viabi l i ty.  

Materials and methods. Male Sprague-Dawley  ra ts  
weighing 200-250 g were housed  in holding cages for a t  
least  1 week before expe r imen ta l  use and  were given 
wa te r  and Pur ina  chow ad l ib i tum.  I r rad ia t ion  was carr ied 
out  using a 250 kVp Maxi t ron  wi th  1 m m  A1 added  
f i l t ra t ion  in order  to achieve h igh  dose rates.  The 2 
an te r ior  lobes were i r rad ia ted  using a modi f ica t ion  of the  
t echn ique  of WEINBREN et  al. 6 wi th  tile an imals  under  
n e m b u t a l  anesthes ia .  The ra ts  were placed in a lead box 
(5 m m  th ick  sides and  bo t tom)  wi th  a 6 m m  slit  in a 3 m m  
th ick  lead top  t h r o u g h  which  the  l iver lobes were exte-  
riorized. T h a t  por t ion  of the  slit  no t  filled wi th  l iver 
vessels was covered wi th  lead. Less t h a n  1% of the  dose 
del ivered to tile anter ior  lobes was received by  the  pos ter ior  
lobes and r ema inde r  of t he  b o d y  wi th  the  except ion  of a 
small  mass  of t issue d i rec t ly  under  the  slit. Dos ime t ry  was 
carr ied out  using a Model 570 Vic toreen  Condenser  
R - m e t e r  and Model 131 chamber .  Dose ra tes  to the  exposed 
lobes on top  of t he  lead box  at  15 cm ( >  9 kR) or 30 cm 
(0.94 kR) tube  ta rge t - to - l iver  d is tances  were ex t r apo la t ed  
f rom a series of m e a s u r e m e n t s  made  at  40 to  100 cm. After  
i r radiat ion,  the  l iver lobes were replaced in the  per i tonea l  
cav i ty  and  the  incision closed wi th  silk sutures.  Sham-  
i r rad ia ted  animals  had  the i r  an te r ior  l iver lobes exter ior-  
ized f rom the  lead box  bu t  were no t  i r radia ted.  Fol lowing 
the  t ime  of i r radia t ion,  the  animals  received wa te r  bu t  no 
food. 

At  var ious  t imes  af ter  X - r a y  exposure,  each animal  was 
in jec ted  wi th  20 ~Ci of 3H-L-leucine in saline solut ion (spe- 

cific ac t iv i ty  36.6 Ci /mM. New Eng land  Nuclear  Co, Bos- 
ton) per  100 g body  weight  via  t he  tai l  vein. i h following 
injection,  the  ra t  was killed by  a blow on the  head,  the  
l iver removed,  washed  wi th  ice-cold 0.25 M sucrose, 
b lo t t ed  d ry  and  por t ions  of anter ior  and  pos ter ior  lobes 
weighed and  homogen ized  in 9 volumes  of cold 0.25 M 
sucrose in a P o t t e r - E l v e h j e m  homogenizer .  Al iquots  of 
the  homogena te s  were p rec ip i t a t ed  wi th  equal  vo lumes  of 
10% TCA, the  prec ip i ta te  washed  4 to  5 t imes  wi th  5 ml  
por t ions  of 5% TCA and f inal ly dissolved in 1 ml  of NCS 
solubilizer (Amersham/Sear le)  and  coun ted  in a l iquid 
scint i l la t ion counter .  Correct ions for quench ing  were m a d e  
by  add i t ion  of an in te rna l  s t andard .  Por t ions  of t he  
homogena tes  were  used for de t e rmina t i on  of D N A  (as an 
index  of cell number)  by  the  double  wave- l eng th  m e t h o d  
of DISCHE~. The t - tes t  was used to  de te rmine  the  signif- 
icance of differences be tween  means  of expe r imen ta l  
groups.  

Results and discussion. The effect  of d i f ferent  doses of 
rad ia t ion  af ter  va ry ing  per iods  of t ime on the  incorpora-  
t ion of leucine in to  TCA insoluble mate r ia l  of the  l iver ,  
expressed  as d p m / m g  DNA, is shown in t he  Table. Some 
animals  were sham- i r rad ia ted  to  de te rmine  if man ipu la t ion  
of t h e  exter ior ized p o r t i o n  of the  l iver  caused a l te ra t ion  
in the  p a t t e r n  of incorpora t ion  of leucine. No cons i s ten t  
differences were observed in the  ex t en t  of incorpora t ion  
of leucine be tween  the  ex te r io r i zed  and  shielded por t ions  
of l iver in these  animals,  and  the  incorpora t ion  is therefore  
r epor ted  as t he  average of the  values  for b o t h  por t ion  s. 
The shielded pos ter ior  lobes of the  i r rad ia ted  animals ,  
which  serve as a control  for the  i r rad ia ted  anter ior  lobes in 
the  same animal,  did no t  differ s ignif icant ly  f r o m  the  
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aI-I-Leucine incorporation by irradiated liver 

Irradiated~ [dpm/mg DNA] • 10 3 Sham-irradiated ~ 
Experiment Radiation dose [kR] Time after 
No. irradiation [h] [dpm/mg DNA] • 10 -3 

No. of animals Exposed lobes Shielded lobes No. of animals Whole liver 

1 0.94 24 4 1994-24 1974-16 4 1764-6 
2 9.1 24 3 1624-14 1794-13 3 1504-11 
3 18 24 5 2284-6 2044-9 2 2044-3 
4 9.1 48 4 2044-22 2054-16 3 182=t=17 
4 18 48 4 1 7 9 i l l  1854-22 a 
5 27 48 3 ~ 1344-10 1782126 3 1804-10 
5 36 48 4" 614-13 2014-9 a 
6 45 48 3 ~ 774-12 252xL17 3 2444-9 
6 91 48 3 ~ 134-2 2724-29 a 
7 45 72 4 b 384-7 283~21 3 c 2084-4 

Values are means 4- standard errors of means. ~ Indicates significant difference between mean of exposed and shielded lobes (p < 0.05). 
o Indicates significant difference between mean of whole livers and shielded lobes (p < 0.05). a Control animals are the same as those entered 
immediately above. 
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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 .  

1 Supported in part by Grant No. 3362-A1 from The Ohio Division of 
The American Cancer Society and Grant No. CA-13752-01 from 
The National Cancer Institute. 

2 M. M. BLACK, I. S. KLEINER and J. H. BOLKER, Cancer Res. 7, 818 
(1947). 

3 F. E. KNOCK, Surg. Gynec. Obstet. 122, 991 (1966). 
F. E. KNOCK, R. M. GALT and Y. T. OESTER, J. Am. Geriat. Soe. 15, 
882 (1967). 

5 F. E. KNOCK, R. )~[. GALT, Y. T. OESTER, R. SYLVESTER and O. V. 
RENAUD, Int. J. Surg. 55, 104 (1971). 

s C. A. APFFI~L, B.  G. ARNASON and J. It. PETERS, Nature, Lond. 209, 
694 (1966). 
M. D. PRAGER, I. DERR, A. SWANN and J. COTROPIA, Cancer Res. 3/, 
1488 (1971). 

s M. WANG and W. J. HALLIDAY, Br. J. Cancer 21,346 (1967). 
9 N. K. JER~E and A. A. NORDIN, Science 7dO, 405 (1963). 


