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Two- th i rds  of the l i ve r  was r em oved  f rom August r a t s ,  and a suspens ion of aza th ioprene  in 
l%ca rboxyme thy lce l l u lo se  was injected in a dose of 40 m g / k g .  The level  of DNA synthes is  
was de te rmined  a f t e r  22, 48, 72 h with the aid of thymid ine-H 3, and the mitot ic  act ivi ty  and 
the d imensions  of the cel ls  and the i r  nuclei were  de te rmined  in the r egenera t ing  l iver  and 
intact  spleen.  Inject ion of aza th ioprene  led to a dec rea se  in the number  of DNA-syn thes iz -  
ing cel ls  in the r egene ra t ing  l i ve r  and spleen and d e p r e s s e d  mitot ic  act iv i ty  of the hepatocytes .  
Cons iderable  development  of  hype r t rophy  of the cel ls  and nuclei under  the influence of aza th i -  
oprene  a lso  were  obse rved  in the hepatocytes  of the r egenera t ing  l i ve r  and the sma l l  lymph-  
ocytes  of the white pulp of the spleen,  i .e . ,  the weight of the r egenera t ing  l i ve r  of the r a t s  r e -  
ceiving aza th ioprene  was r e s t o r e d  by hyper t rophy  as well  as mi to t ic  division of the ce l l s .  

KEY WORDS: aza th ioprene ;  hype r t rophy  of hepatocytes ;  r egenera t ion  of the l iver ;  inhibi-  
t ion of p ro l i fe ra t ion .  

Inves t iga t ions  have recen t ly  been published in which the inhibi tory action of azath ioprene ,  a known 
immunodep re s san t ,  on DNA synthes is  and p ro l i f e ra t ive  act ivi ty  in r egenera t ing  t i s sues  and on DNA sny-  
t hes i s  in the intact  kidney, spleen,  thymus ,  and lymph glands has  been demons t ra t ed .  This  compound gave 
r i s e  to m a r k e d  hype r t rophy  of the cel ls  [1-3]. 

Since no suff icient ly p r ec i s e  quanti tat ive a s s e s s m e n t  of ce l lu la r  hyper t rophy  has been under taken 
during the study of the act ion of aza th ioprene  on the va r ious  o rgans  a n d t i s s u e s ,  an invest igat ion was c a r -  
r i ed  out in o r d e r  to study the ef fec t  of aza th ioprene  on DNA synthes is ,  p ro l i f e ra t ive  act ivi ty,  and ce l lu la r  
hyper t rophy  of the r egene ra t ing  l i ve r  and intact  spleen.  

E X P E R I M E N T A L  M E T H O D  

Male  August r a t s  weighing 191 • 29 g were  used .  Two- th i rds  of the l ive r  was r emoved  f rom al l  the 
an imals ,  wh ichwere  then divided into two groups  - contro l  and expe r imen ta l .  The expe r imen ta l  an imals  
r ece ived  a suspens ion  of aza th ioprene  in 1% carboxymethylce l lu lose  (40 ~g/kg) .  Three  injections of aza th i -  
oprene  were  given: 12 h and 2 h before  the opera t ion  , p e r f o r m e d  at 10 a. m. ,  and 2 h before sac r i f i ce  of 
the an ima l s .  The cont ro l  r a t s  r ece ived  only 1% carboxymethylceUulose  at the same  t ime .  The suspension 
of aza th ioprene  in 1% ca rboxymethy lce l lu lose  was given to the an imals  by gas t r i c  tube.  Control  and ex -  
p e r i m e n t a l  r a t s  were  ki l led in groups of 4-6 at a t ime  22, 48, and 72 h a f t e r  pa r t i a l  hepatec tomy.  Thy-  
mid ine -H  3 in Hanks ' s  solution was injected in t raper i tonea l ly  in a dose of 1 ~Ci /g  into the r a t s  1 h before 
sac r i f i ce  (at 10 p . m . ) .  Changes in the body weight and in the absolute and re la t ive  weights of the r eg en -  
e r a t i ng  l ive r  and spleen were  studied during the e x p e r i m e n t s .  The index of labeled nuclei (ILN) was de-  
t e r m i n e d  by counting the l abe led  hepatocyfes  in 7000 ce l l s  of the r egenera t ing  l i ve r  and the labeled cel ls  
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T A B L E  1. E f f ec t  of  A z a t h i o p r e n e  on Weigh t  o f  R e g e n e r a t i n g  L i v e r  
and  In t ac t  Sp leen  of  R a t s  ( M ' m )  

F~me Wt. of 
trter re- Group of rat. (in 
ection of animals 
iver (h) g) 

Control 175+ 1,1 
22 Exptl. 174~3,4 

Control 178___ 1,8 
48 Exptl.. 163-+6,0 

Contrm 226-+-1,0 
72 Exptl. [ 170-+7,6 

Wt. of regeneratingliver 
absolute relative 
(in g) (in 90) 

4,0 0,30 2,3-+0,16 
3.5___0,01 2,0-+0,12 
5,5-+0,35 3,1• 
4,7_+_0,30 2,9• 
7,4_+0,21 3,3-+0,08 
5,8-+0,70 3,4___0,11 

Wt. ors 
absolute 
(ing) ' 

475_____21,75 
400___+29,60 
675__.+38,00 
500___+57,05 

725+--61,50 

)leen 
relative 

(in %) 

0,28___0,08 
0,23__+0,11 
0,38_+_0,30 
0,31-+0,04 

0,43_~0,02 

T A B L E  2. E f fec t  of  A z a t h i o p r e n e  on MI and  D i m e n s i o n s  of  C e l l s  
and Nuc l e i  of  R e g e n e r a t i n g  L i v e r  and  In t ac t  Sp leen  of  Ra t s  ( M •  

T~me [ 
atter re-JGroup of 
section animals 

22 Control 
Exptl. 
Control 

48 Exptl. 
Control 

72 Exptl. 

crating liver 
(in %) 

l, 70+0,54 286• 
0,73___0.16 302• 

22,55• 57 207__4,2 
9,70___1,48 486• 
8,86• 228• 

15,40--+0,93 269• 

Area of hepatocyte Area of small lympho- 
in p2 cyte (in ~2) 

cell nucleus 

50+4,3 
56~2,7 
ar~,,8 
75+8,2 
a7__i,3 
5 2 _ + 2 , 3  

cell nucleus 

20_+0,1 6• 
17~0,1 11 0,1 
27• 9• 
36• ll  0,7 
27___0,2 9_+0, 1 
36~0,1 t l •  

among 3000 cells in the white pulp of the spleen. The number of DNA synthesizing hepatocytes was 
counted among 6000 cells of the regenerating liver and 3000 cells in the white pulp of the spleen. The 
mitotic index (MI) was expressed per i000 cells. Two diameters of the hepatocytes and their nuclei in the 
regenerating liver and of the small lymphocytes in the white pulp of the spleen were measured with an 
ocular micrometer and the area of the cells and their nuclei were calculated in square microns. The nu- 
merical results were subjectedto statistical analysis by the Fisher-Student method. 

E X P E R I M E N T A L  RESULTS 

No significant differences in body weight or absolute and relative weight of the regenerating liver 
and intact spleen were found in the experimental and control animals at any time of the investigation (Table 
1). Consequently, the rate of restoration of the mass of the regenerating liver in the animals receiving 
azathioprene was the same as in the rats receiving l%carboxymethylcellulose. Azathioprene likewise 
caused no significant change in the weight of the spleen. 

In the rats receiving azathioprene and in the control animals the labeled cells were concentrated 
chiefly at the periphery of the hepatic lobule. Under the influence of azathioprene the number of DNA-syn- 
thesizing hepatoeytes fell significantly (by 70%). In the control series 22 h after resection ILN was 30%, 
compared with only 8%in the experimental series (P =0.006). In the white pulp of the spleen azathioprene 
inhibited DNA synthesis by more than half: in the control animals ILN was 7.3%and in the experimental 
animals 1.9% (P = 0.003). 

The study of mitotic activity in the regenerating liver of the experimental and control animals showed 
that 22 h after resection, MI was not significantly different from the control; 1.70 %in the control and 0.73% 
in the experiment (P =0.073). In the control rats 48 h after the operation, MI was increased and reached 
its maximum of 22o5%(P=0.000), after which it fell to 8.9%at 72 h (P=0.005). Meanwhile in the experi- 
mental animals receiving azathioprene, MI rose gradually throughout the period of investigation to reach 
its maximum (15.4%) 72 h after resection of the liver (P =0.000; Table 2). 

The mean area of the hepatocytes and their nuclei 48 h after resection was reduced in the regenera- 
ting l i v e r  of  the  c o n t r o l  a n i m a l s  ( P = 0 . 0 0 0 ) ,  f o r  a t  t h i s  p e r i o d  the m o r e  i n t e n s i v e  f o r m a t i o n  o f  new, young  
c e l l s ,  s m a l l e r  in s i z e  than  the  u n d i v i d e d  h e p a t o c y t e s ,  cou ld  be o b s e r v e d .  The  s i z e  of the  c e l l s  and t h e i r  
n u c l e i  72 h a f t e r  the  o p e r a t i o n  was  i n c r e a s e d ,  e v i d e n t l y  in c o n n e c t i o n  wi th  the  b e g i n n i n g  of  p o l y p l o i d i z a t i o n  
of  the  r e g e n e r a t i n g  l i v e r  c e l l s .  

I n j e c t i o n  of  a z a t h i o p r e n e  into the  a n i m a l s  gave  r i s e  to  c o n s i d e r a b l e  h y p e r t r o p h y  of  the  c e l l s  of  the  
r e g e n e r a t i n g  l i v e r  and  i n t ac t  s p l e e n .  Some d e c r e a s e  in h y p e r t r o p h y  of  the  h e p a t o c y t e s  ( P = 0 . 0 0 0 )  and t h e i r  
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nuclei  (P=0.002) in the exper imen ta l  ra t s  72 h a f te r  the operat ion compared  with 48 h can be explained 
by the appearance of many young cel ls ,  fo rmed as a resul t  of mi tos is ,  the smal l  size of which was r e -  
f leeted in the resu l t s  of determinat ion of the mean values of cel l  hyper t rophy;  however,  the dimensions 
of the cel ls  and nuclei  in the exper imenta l  s e r i e s  sti l l  exceeded the control  values (P =0.037). 

The resu l t s  of this investigation showed that adminis t ra t ion  of azathioprene to ra ts  had no signifi-  
cant effect  on the weight of the regenera t ing  l i ve r  and intact spleen but depressed  the rate of DNA syn-  
thes is  in those organs .  Meanwhile, under  the influence of azathioprene,  mitot ic  activity was re ta rded  in 
the regenera t ing  l iver  and ce l lu la r  hyper t rophy dist inctly developed. 

The causes  of hyper t rophy of the cel ls  and nuclei  a f te r  adminis t ra t ion  of azathioprene have not yet 
been explained, and special  investigations must  be c a r r i e d  out to determine them.  Since under  the ex-  
per imenta l  conditions used DNA synthesis  was inhibited in the l iver ,  the hyper t rophy of the hepatocytes  was 
evidently not connected with the i r  polyploidization. 

Under the influence of azathioprene regenera t ion  of  the l ive r  in ra ts  in the ea r ly  stages a f t e r  r e s e c -  
t ion thus takes  place on account of the marked  hyper t rophy of the hepatoeytes  r a t h e r  than by st imulat ion 
of the i r  mitot ic  act ivi ty.  

1, 
2. 
3. 
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