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After administrat ion of noncytostatic doses of dipin to r a t s  or  their  x - r a y  irradiation,  followed 
by administrat ion of phenobarbital,  an inadequate regenerat ive  react ion of the l iver  is observed, 
expressed as a marked decrease  in mitotic activity 28 h after resect ion.  An increase  in the 
interval between administrat ion of dipin and of phenobarbital f rom 24 h to 60 days gave the 
same result ,  with only very  slight quantitative changes. A s imi lar  effect was obtained by i r -  
radiating r a t s  with a dose of 400 R and administering phenobarbital  30 days later .  

Investigations in the wr i t e r s '  laboratory [2] have demonstrated inhibition of the f i r s t  mitotic cycle in 
the ra t  l iver  after  part ial  hepatectomy when precede~ by combined administrat ion of mutagens and inducers 
of gone activity in the G O phase. Inhibition of the proliferat ive response  of the hepatocytes was connected 
with delay in their  entry  into the phase of DNA synthesis.  It was accordingly postulated that inhibition of 
this type is due to changes in the genetic apparatus of the cel l  induced by mutagens.  

In the investigation described below an attempt was made to determine the relationship between in- 
hibition of regenera t ive  prol i ferat ion of the ra t  l iver,  on the one hand, and the t ime between t rea tment  with 
the mutagen and administrat ion of phenobarbital and the dose of the mutagen on the other hand. 

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

Experiments  were ca r r i ed  out on noninbred male albino ra ts  weighing 140-160 g .  F rom 6 to 10 ani-  
mals were used in each variant  of the experiment.  The mutagen tested was the polyfunctional alkylating 
compound dipin ( te t raethylenimide-piperazine diphosphate) which, in a dose of 5-20 mg/kg,  does not delay 
the prol i ferat ive response  after part ial  hepatectomy [1]. Phenobarbital  (the soluble sodium salt), in a dose 

TABLE 1. 
Liver  Cells after Par t ia l  Hepatectomy 

Effect of Dose of Dipin (M* m) on Mitotic Activity of Rat 

Variant of experi- 
ment 

Dose of dipin (in mg/kg) 

2,28-4-0,03 

0,56 +0,09 

24,5 

1o 

3,32-+-0,86 

0,62~0,03 

18,6 

4,40+0,70 

1,00• ~ 

22,7 

25 

2,79~0,8~ 

1,04~0,14 
P>0,05 

Mitotic index (in %) in liveJ 
of rats receiving dipin 

Mitotic index (in o/a), in liver 
of rats receiving dipin and 
phenobarbital 

Mitotic activity in experi- 
ment relative to control 

50 

1,87~-0,62 

0,31+0,21 
P>0,05 

Note: Mitotic index in l iver of rats  receiving phenobarbital only was 
6.56 • 0.20. 
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Fig. 1. Scheme of exper iment :  1-60) T ime  
in terva l  between adminis t ra t ion  of mutagen 
and inducer;  24 h) t ime  between success ive  
injections of phenobarbi ta l ;  36 h) t ime b e -  
tween l a s t  injection of phenobarbi ta l  and 
hepatec tomy;  28 h) t ime  of fixation of m a t e r -  
ial.  

of 60 mg /kg ,  which is a powerful  inducer of gene activity of 
hepatocytes  [6, 7], was  used as a modif ier  of the mutagenic 
effects .  All the agents were  injected in t raper i t enea l ly  in 
dist i l led water .  Hepatectomy was p e r f o r m e d  on the an imals  
by the method of Higgins and Anderson,  and the operat ion was 
c a r r i e d  out at 4 A.M. so that  f ixation of the ma te r i a l ,  planned 
to take place  28 h af ter  resec t ion ,  could be done at 8-9 A.M. 
(the diurnal  peak  of mitot ic  act ivi ty in the r a t  l iver) ;  the m i -  
totic index was  counted in p e r  cent  (10,000 ce l l s  p e r  animal) 
in t e m p o r a r y  squash p r e p a r a t i o n s  stained with ace to -orce in .  

EXPERIMENTAL RESULTS 

In preliminary experiments an attempt was made to 

de te rmine  the level  of inhibition of r egene ra t ive  pro l i fe ra t ion  
in the l i ve r  ce l l s  a f te r  adminis t ra t ion  of va r ious  ~oses  of 
dipin followed by phenobarbi ta l .  Fo r  this  purpose ,  dipin in 
doses  of 5, 10, 15, 25, and 50 m g / k g  was  injected once during 
the G o phase  (i.e., into intact  ra t s )  in different  groups of an i -  
ma ls ,  a f te r  an In terva l  of 5 days  four  inject ions of phenobar -  
bital  were  then given at in te rva ls  of 24 h, and 36 h af ter  the 
l a s t  inject ion two- th i rds  of the l ive r  was r e sec t ed .  Pheno-  
barb i ta l  i nc r ea se  mitotic activity in both the intact  and the 
regenera t ing  l ive r  of r a t s  [4, 5]. The p r e sen t  w r i t e r s  have 
also obse rved  this ef fec t  p rev ious ly  [2, 3]. 

As Table  1 shows, a f te r  doses  of dipin of 5, 10, and 15 
mg /kg  had been given an inadequate r egene ra t ive  r e sponse  
was observed ,  with a marked  dec rea se  in mitot ic  ac t iv i tyby  
compar i son  with the control .  After  doses  of 25 and 50 m g /  
kg the dec r ea se  in the level  of p ro l i fe ra t ion  was not s ignif i -  
cant  despite  a l a rge  absolute difference between the e x p e r i -  
menta l  and cont ro l  s e r i e s .  This  can be explained by the wide 
d i f fe rences  in individual sens i t iv i ty  of an imals  to the cytoxic 
ef fec t  of these doses  of dipIn. In the expe r imen t s  with doses 
of 5, 10, and 15 m g / k g  no significant  d i f fe rences  were  found 
In the level  of dec rea se  Of the p ro l i f e ra t ive  r e sponse .  It can 
accordingly be concluded that dipIn is adequately effective in 
smal l  doses ,  i . e . ,  a " sa tu ra t ion  effect  ~ was  obse rved  with a 
dose of 5 mg/kg .  

In the expe r imen t s  to de te rmine  the duration of this  
phenomenon of inhibition of the p ro l i f e ra t ive  r e sponse  the 
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effect  of dipin was  tes ted  in a dose of 15 mg/kg. Mitotic activity was analyzed for  the following t ime in terva ls  
between adminis t ra t ion  of dipin and phenobarbi ta l :  1, 3, 5, 10, 15, 20, 25, 30, and 60 days.  The scheme of 
the expe r imen t s  is i l lus t ra ted  in Fig. 1. The number  of mi toses  in animals  rece iv ing  combined t r ea tmen t  
with dipin and phenobarbi ta l  was  9.3-37~ of the control  level,  and with an i nc rea se  in the t ime in terva l  there  
was  no change in the intensi ty  of inhibition of p ro l i fe ra t ion .  The r e su l t s  of the expe r imen t s  given in Table  
2 demons t ra te  the prolonged nature  of the changes  lying at the bas i s  of inhibition of the mitotic cycle of the 
Injured hepatocytes .  

Another s e r i e s  of expe r imen t s  was c a r r i e d  out by a s imi l a r  scheme,  but with the use of x - r a y  i r r a d i a -  
tion in a dose of 400 R, i t se l f  not inhibiting mitot ic  activity in the r egenera t ing  l iver ,  as  the mutagen. Pheno-  
barb i ta l  was injected 30 days af ter  i r rad ia t ion .  In that  case ,  jus t  as in the expe r imen t s  with dipin, cons ide r -  
able delay in the r egene ra t i ve  r e sponse  was observed:  the mitotic index of the hepatocytes  of the r a t s  t r ea t ed  
with x - r a y s  and phenobarbi ta l  was  0.92• the mitotic index of the hepatocytes  of r a t s  i r rad ia ted  only 
was  2.36• The phenomenon of inhibition of the p ro l i fe ra t ive  r e sponse  in the r a t  l i ve r  a f te r  par t i a l  hep-  
a tec tomy,  as es tab l i shed  prev ious ly ,  was thus conf i rmed  in c a s e s  when the an imals  were  t r ea ted  with a c o m -  
bination of mutagens  and phenobarbi ta l .  

On the assumpt ion  that  changes  in the cel l  leading to inhibtition of p ro l i fe ra t ion  are  explained by a lkyl-  
ation of the cy top lasmic  pro te ins ,  the phenomenon observed  probably  would not be so p e r m a n e n t  in c h a r a c t e r  
because  of the poss ib i l i ty  of intensive renewal  of the cy toplasmic  s t ruc tu r e s  of the hepatocyte.  However,  in 
the p r e s e n t  expe r imen t s  a dec rea se  in mitotic act ivi ty was observed  in all p a r t s  of the l ive r  even when an 
in terval  of 60 days  e lapsed  between adminis t ra t ion  of the dipin and the inducer.  It can accordingly be pos tu-  
lated that  the a f t e r - e f f e c t  of the dipin ann radiat ion which were  used was due in this case  also to changes  in 
the genetic appara tus  of the cell .  

Fourfold a~minis t ra t ion  of phenobarbi ta l  in conjunction with r e sec t ion  of two- th i rds  of the l iver  in the 
w r i t e r ' s  opinion is  a powerful  s t imulus  fo r  the genetic appara tus  of the l ive r  cel l  including, mos t  probably,  
a s t imulus  for  the genera l  ce l lu la r  genes  during max imal  s t imulat ion of mitotic activity.  This  load on the 
gene leads  to decompensat ion  if i t  is  p receded  by t r ea tmen t  with mutagen.  Although the molecu la r  nature  of 
the changes  lying at the ba s i s  of this phenomenon is  unknown, the poss ib l i ty  of the i r  accumulat ion in slowly 
renewed cel l  populat ions can be postulated.  A bas i s  for this assumpt ion  is  the durat ion of these  changes,  
which is  at l e a s t  1/12 of the mean l i f e  span of the ra t .  

Fu r the r  study of the nature  of this  phenomenon is  des i rab le  bow f r o m  tl~ standpoint of broadeningideas  
regard ing  the spec t rum  of mutagenic a f t e r  e f fec t s  and also f r o m  the standpoint of pro tec t ion  of genetic 
s t r uc tu r e s  against  ha rmfu l  agents.  
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