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Recent ly  cons ide rab l e  at tention has been paid to the study of the b io logica l  action of s t ron t ium-90  
(Srg~ a product  of u ran ium f iss ion,  because  this  isotope r ead i ly  en te r s  the body, is  r e t a ined  in the ske l e -  
ton for  a long t ime ,  and has a long ha l f - l i f e  pe r iod  (T =25 yea r s ) .  

The effect of Sr 9~ on the skeleton [2, 5, 12] and bone mar row [1, 20] has now been studied in con- 
s i d e r a b l e  detai l .  The changes in other organs ,  including the l iver  [3], have been examined l e s s  fully. 
However,  r e p o r t s  have been publ ished indicat ing that  functional d i s tu rbances  may a r i s e  in the l i ve r  t i s sue  
following admin i s t r a t ion  of th is  isotope [151. 

The object  of th is  inves t iga t ion  was to study the morphologica l  changes a r i s ing  in the l iver  following 
admin i s t r a t ion  of Sr 9~ to an ima l s  of different  spec ies  and to analyze some of the mechan i sms  of deve lop-  
ment  of the pa thologica l  p r o c e s s  in this organ.  

EXPERIMENTAL METHOD 

Exper imen t s  were  c a r r i e d  out on the l ive r  of 20 dogs and 145 albino r a t s .  The isotope was in jec ted  
in t ravenous ly  into the dogs in a single dose of 0.1-0.2 #Ci/g,  and a lso  given by mouth as a s ingle  dose of 
0.5 p C i / g  or  da i ly  for  6 months in a dose of 1 # Ci /kg  body weight. The r a t s  r e c e i v e d  Sr  9~ by i n t r ape r i t onea l  
inject ion in doses  of 0.05, 0.1, or  0.5 # C i / g .  The control  group cons i s ted  of 5 dogs and 40 r a t s .  The l ive r  
of the expe r imen ta l  an imals  was inves t iga ted  at va r ious  t i m e s  af ter  the beginning of the exper iment  (from 
1 day to 2 y e a r s  in the case  of the r a t s  and to 5.5 y e a r s  for  the dogs). The m a t e r i a l  was fixed in 10% 
neut ra l  fo rmal in  solution and embedded in paraffin wax. His to logica l  sec t ions  were  s ta ined with h e m a -  
t o x y l i n - e o s i n  and by Van Gieson ' s  method or impregna ted  with s i l ve r  by Foo t ' s  method. F r o z e n  sec t ions  
were  s ta ined with Sudan III. The to ta l  t i s sue  dose was a l so  ca lcula ted  for the l ive r ,  us ing tox ico logica l  
data [71 obtained in expe r imen ta l s  c a r r i e d  out in condit ions analogous to those of the p resen t  exper imen t s .  

EXPERIMENTAL R E S U L T S  

Morphologica l  inves t iga t ions  of the dogs '  l ive r  1-3 days after  r ece iv ing  Sr 9~ showed only a t r a n s i e n t  
h y p e r e m i a  of the l ive r  t i s sue .  In the per iod of exacerba t ion  of the d i s e a s e  (3rd-5th weeks),  be s ides  d i s -  
turbance  of the c i rcu la t ion  in the cen te r  of the lobules,  s igns of cloudy swel l ing and fat ty degenera t ion  of 
the l iver  ce l l s  appeared .  La te r ,  af ter  a per iod when the animal  r ema ined  r e a s ona b l y  wel l  (6 months),  ob- 
vious morpholog ica l  changes again developed in the Hver t i s sue .  The most  m a r k e d  d i s tu rbances  were  
found af te r  7-66 months,  when the animals  developed leukemia ,  t umors  of the skeleton,  or  ap las t i c  p r o c -  
e s s e s  in the hemopoiet ie  o rgans .  

In r a t s ,  unlike the dogs, these  phases  of development  of the changes could not be demons t r a t ed .  Fo r  
a long t ime a f te r  admin i s t r a t ion  of the Sr 9~ (up to 5 months) cloudy swell ing or fat ty  degenera t ion  of the 
l iver  ce l l s  was obse rved  only in a few an imals .  More s e v e r e  changes,  as in the dogs, were  fom~d in the 
l a t e r  per iods  af ter  admin i s t r a t ion  of the isotope (after 6-24 months),  when the r a t s  developed t u m o r s  of 
the ske le ta l  bones,  leukemia ,  hypoplas ia  of the hemopoiet ic  o rgans ,  and chronic in f l ammatory  p r o c e s s e s  
in the in tes t ine  or  lungs.  The s e v e r i t y  of the l iver  les ion in both spec ies  of an imals  did not depend on the 
dose of isotope,  but on the c h a r a c t e r  of development  of the pathological  p r o c e s s  in the body. 

With the appea rance  of bone t umors  or hypoplas ia  of the hemopoiet ic  organs  in the r a t s ,  a mode ra t e ly  
seve re  cloudy swell ing of the l iver  ce i l s  of the cen t ra l  por t ions  of the lobules  appeared .  In the dogs, be -  
s ides  the degenera t ive  changes,  c i r c u l a t o r y  d i s tu rbances  ve ry  often developed (Fig. la ) ,  and s o m e t i m e s  
atrophy of the l iver  ce i l s  could be seen in the center  of the lobules,  with the format ion  of i s lands  of fat ty 
degenera t ion  of the l ive r  or  ingrowth of connect ive t i s sue  (Fig. lb).  
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Fig .  1. M o r p h o l o g i c a l  changes  in the  l i v e r  of dogs  and r a t s  f o l l o w -  
ing a d m i n i s t r a t i o n  of Sr  9~ a) L i v e r  of a dog 9 months  a f t e r  i n t r a -  
venous  i n j e c t i o n  of 0.2 p C i / g .  D i s t u r b a n c e  of the  c i r c u l a t i o n  wi th  
the  d e v e l o p m e n t  of p e r i v a s c u l a r  e d e m a  a round  the  c e n t r a l  ve in .  
P h o t o m i c r o g r a p h .  H e m a t o x y l i n - e o s i n .  140 • ; b) l i v e r  of a dog 
2.5 y e a r s  a f t e r  r e p e a t e d  o r a l  a d m i n i s t r a t i o n  of Sr  90 in a dose  of ] 
# C i / k g .  P r o l i f e r a t i o n  of connec t i ve  t i s s u e  with  the  f o r m a t i o n  of 
p s e u d o l o b u l e s .  P h o t o m i c r o g r a p h .  Van G i e s o n .  70 x ; c) l i v e r  of 
a r a t  10 mon ths  a f t e 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  of 0.1 # C i / g .  D i f -  
fuse  l e u k e m i c  i n f i l t r a t i o n  wi th  a t r o p h y  of l i v e r  c e i l s .  P h o t o m i c r o -  
g r a p h .  H e m a t o x y l i n -  eos in .  630 x ; d) l i v e r  of a r a t  1 y e a r  8 m o n t h s  
a f t e r  i n t r a p e r i t o n e a l  i n j ec t i on  of 0 . 0 5 # # C i / g .  N e c r o s i s  of l i v e r  
t i s s u e  in  the  c e n t e r  of the  lobu le .  P h o t o m i c r o g r a p h .  H e m a t o x y l i n -  
eos in .  100 x .  
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Fig .  2. T o t a l  t i s s u e  dose  fo r  the  l i v e r  
at  d i f f e r e n t  t i m e s  a f t e r  a d m i n i s t r a t i o n  
of Sr  9~ 1) 0.5 # C i / g ; 2 )  0.2 # C i / g ;  
3) 0.1 # C i / g ;  4) 0.05 # C i / g .  

M o r e  m a r k e d  d i s t u r b a n c e s  w e r e  found d u r i n g  the  d e -  
v e l o p m e n t  of l e u k e m i a ,  when b e s i d e s  d e g e n e r a t i v e  changes ,  
foca l  o r  d i f fuse  l e u k e m i c  i n f i l t r a t i o n  a p p e a r e d  in the  l i v e r  
of both groups of animals (Fig. Ic), and in some cases pro- 

liferation of connective tissue was observed. In most of the 

rats and some of the dogs, areas of necrosis were found in the 
center of the liver lobules. Meanwhile in the rats, the total 

number of the liver cells was reduced but their size was in- 

creased, with the formation of giant forms, indicating changes 

in the course of regeneration in the parenchyma of the organ. 

These changes were not found in the dogs. 

In the liver of the rats, during the development of chronic 
inflammatory changes in the intestine and especially in the lungs, 

besides degenerative and selerotie changes disturbances of the 

circulation could be observed. In these cases, in the animals 
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which died areas of necrosis of the liver cells were usually found in the center of the lobules, frequently 

involving large areas of the parenchyma of the organ (Fig. Id). Similar changes were present in the con- 

trol animals dying at the age of 1.5-2 years from chronic bronchopneumonia or bronchiectasis, but in 

these animals the areas of necrosis were less extensive and were found only half as frequently as in the 
experimental animals. 

The development of necrosis of the liver during the action of ionizing radiation has been reported 

in the literature. Necrotic changes in the liver tissue may arise either during irradiation from external 
sources [6, 13, 16], or after introduction of radioactive isotopes into the body [I0, 14, 18]. In poisoning 
with Sr 9~ one of the causes of the development of necrosis in the liver may evidently be the disturbance 

of the circulation and hypoxia, although in individual cases its genesis is uncertain. It is also possible 

that after administration of Sr 9~ the reactivity of the liver tissue is depressed, as is the case in the 
g a s t r o i n t e s t i n a l  t r a c t  [47]. 

I t  m a y  be conc luded  f r o m  t h e s e  r e s u l t s  tha t  fo l lowing  a d m i n i s t r a t i o n  of Sr  9~ to a n i m a l s  of d i f f e r en t  
s p e c i e s ,  the  r e a c t i o n  of t he  l i v e r  t i s s u e  obeys  c e r t a i n  g e n e r a l  p r i n c i p l e s .  The  m o s t  m a r k e d  d i s t u r b a n c e s  
a r i s e  in the  l a t e  s t a g e s  a f t e r  a d m i n i s t r a t i o n  of the  i s o t o p e .  They  a r e  l o c a l i z e d  m a i n l y  in the  c e n t e r  of the  
l o b u l e s  and they  a r e  d e g e n e r a t i v e  in c h a r a c t e r ,  a l though in the  m o r e  s e v e r e  c a s e s  d i s t u r b a n c e s  of the  
c i r c u l a t i o n  and a t r o p h i c ,  n e c r o t i c ,  and s c l e r o t i c  changes  a r e  added.  Wi th in  the  r a n g e  of d o s e s  u s e d ,  the  
s e v e r i t y  of the  l e s i o n  depends  not on the  dose  but  on the  c h a r a c t e r  of d e v e l o p m e n t  of the  p a t h o l o g i c a l  p r o c -  
e s s  in the  body as  a whole .  

Howeve r ,  b e s i d e s  the  g e n e r a l  p r i n c i p l e s  of d e v e l o p m e n t  of the  m o r p h o l o g i c a l  changes  in the  l i v e r ,  
s o m e  a s p e c t s  of the  l e s i o n  w e r e  dependen t  on the s p e c i e s  of the  a n i m a l s .  F o r  e x a m p l e ,  du r ing  the  d e v e l o p -  
ment  of bone t u m o r s  o r  a p l a s i a  of the  h e m 0 p o i e t i c  o r g a n s ,  the  changes  in the  l i v e r  w e r e  m o r e  m a r k e d  in 
in the  dogs than in the  r a t s .  In addi t ion ,  in the  r a t s  the  p h a s e s  of d e v e l o p m e n t  of  the  d i s t u r b a n c e s  cou ld  
not  be found, as  in the  c a s e  of the  dogs .  Meanwhi le ,  in the  l i v e r  of the  r a t s  deve lop ing  l e u k e m i a ,  g ian t  
l i v e r  c e l l s  a p p e a r e d  and t h e s e  w e r e  not found in the  dogs .  No such c e l l s  w e r e  found du r ing  the  e x a m i n a -  
t ion of the  l i v e r  of dogs  wi th  c i r r h o t i c  changes  a f t e r  a d m i n i s t r a t i o n  of c e r i u m - 1 4 4 .  

The  ques t ion  of the  m e c h a n i s m s  of d e v e l o p m e n t  of the  pa tho log i ca l  c h a n g e s  in the  l i v e r  du r ing  Sr  9~ 
po i son ing  is  of c o n s i d e r a b l e  i n t e r e s t .  F o l l o w i n g  i t s  i n t roduc t ion  into the  body,  t h i s  i s o t o p e  qu ick ly  l e a v e s  
the  soft  t i s s u e s  and r e m a i n s  f ixed  for  a long t i m e  in the  ske l e ton  [7, 17, 19j. The  r e s u l t s  of c a l c u l a t i o n  of 
the  t o t a l  t i s s u e  dose  fo r  the  l i v e r  fo l lowing a d m i n i s t r a t i o n  of, fo r  e x a m p l e ,  0.2 # C i / g  of Sr  9~ d e m o n s t r a t e  
tha t  i t s  va lue  i n c r e a s e s  s i g n i f i c a n t l y  only du r ing  the  f i r s t  week  a f t e r  a d m i n i s t r a t i o n  of the  i s o t o p e  (to 28.6 
f a d s  by the  8th day) ,  wh i l e  in the  p e r i o d  f r o m  2 to  3 y e a r s  it  i n c r e a s e s  only by 3.4 r a d s ,  r e a c h i n g  52.5 
f a d s  at the end of the  3 rd  y e a r  (Fig.  2). Meanwhi l e  the  m o r p h o l o g i c a l  changes  in the  l i v e r  b e c o m e  m o r e  
ev ident  at a t i m e  when the  t o t a l  t i s s u e  dose  i s  not i n c r e a s i n g .  I t  cou ld  be  p o s t u l a t e d  tha t  the  l i v e r  t i s s u e ,  
l ike  o the r  s lowly  r e n e w e d  t i s s u e s ,  " r e m e m b e r s "  and s u m m a t e s  the  r a d i a t i o n  e f f ec t s ,  as  has  been  d e m o n -  
s t r a t e d  in the  c a s e  of bone  t i s s u e  [8, 9]. H o w e v e r ,  the  s m a l l  magn i tude  of the  t o t a l  t i s s u e  d o s e ,  and a l so  
the  r e l a t i o n s h i p  d i s c o v e r e d  in the  p r e s e n t  i n v e s t i g a t i o n  be tween  the  s e v e r i t y  of the  l e s i o n  and the  c h a r -  
a c t e r  of d e v e l o p m e n t  of the  p a t h o l o g i c a l  p r o c e s s  in the  body as  a whole ,  s u g g e s t  tha t  the  i n d i r e c t  e f fec t  
of Sr  9~ on the d e v e l o p m e n t  of m o r p h o l o g i c a l  changes  in the  l i v e r  t i s s u e  i s  v e r y  i m p o r t a n t .  
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Al l  a b b r e v i a t i o n s  of p e r i o d i c a l s  in the above  b i b l i o g r a p h y  are l e t t e r - b y - l e t t e r  t r a n s l i t e r a -  

t i ons  of the a b b r e v i a t i o n s  as g i v e n  in  the o r i g i n a l  R u s s i a n  jou rna l ,  Some  or a l l  o f  th i s  per i -  

od ica l  l i t e ra ture  m a y  w e l l  be  a v a i l a b l e  in E n g l i s h  t rans la t ion .  A comple t e  l l s t  of the cover - to -  
cover  E n g l i s h  t r a n s l a t i o n s  appea r s  at  the back of  the f i r s t  i s s u e  of  t h i s  year.  
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