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The diurnal rhythm of mitotic activity and of the number of DNA-synthesizing cells  was studied 
by an autoradiographic method, using thymidine-3H, in mouse hepatocytes in the ea r ly  stages of 
carc inogenesis  of the l iver  induced by orthoaminoazotoluene. The rhythms of fluctuation of 
mitotic activity inthe control animals in both the f i rs t  ( i r regular  diffuse hyperplasia) and the 
second (focal proliferation) s t ages  of carc inogenesis  in the l iver  had a distinct monophasic cha-  
r ac t e r  with a maximum of the number of mitoses in the ear ly  morning and a minimum in the 
evening or  night. Rhythms of DNA-synthesizing cells under normal conditions and in the f i rs t  
stage of carcinogenesis  of the l iver  were monophasic in cha rac te r  with a maximum in the a f t e r -  
noon and evening, respect ively.  In the second stage of carcinogenesis  the rhythm was cha rac -  
ter ized by the appearance of a second maximum in the ear ly  morning. The mean diurnal values 
of the two indices increased in the second stage of carcinogenesis .  
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The charac te r i s t i c s  of the  dynamics of DNA synthesis and of cell division and also the kinetics of target  
cell populations play important roles  in carcinogenesis  [5, 7, 10]. 

The charac te r  of the diurnal rhythm of mitosis and of changes in the number of DNA-synthesizing cells 
in normal  t i ssues  has been studied in detail [1, 3, 11]o Evidence continues to be found that tumors  also have a 
diurnal rhythm of cell division [2, 8] and show changes in the number of DNA-synthesizing cells  [4, 9]. How- 
ever, this process  has hardly been investigated at all so far as the successive stages of neoplastic t r an s fo rma-  
tion of target  cells during chemical  carcinogenesis  are  concerned. 

The diurnal dynamics of the number of DNA-synthesizing ceils and of the number of dividing hepatocytes 
in the ear ly  stages of carcinogenesis  in the l iver  was studied. 

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

Noninbred male mice with a mean weight of 20-25 g were used. Orthoaminoazotoluene (OAAT) was in- 
jected through the mouth direct ly into the esophagus f rom a syringe with a curved blunt needle, as a 1% oily 
solution in a dose of 0.1 ml to each animal three t imes a week. The mice of group 1 received OAAT for 1 
month (total dose 12 mg per animal), those of group 2 for 5 months (total dose 60 mg per  mouse); the third 
group formed the control.  The mice received a natural diet and were kept under conditions of illumination. 
The animals were killed on the 3rd day after  the end of OAAT administration. Thymidine-3H (USSR) with a 
specific activity of 19.8 Ci /mmole was given in a dose of 0.5 p Cl/g body weight 1 h before sacrif ice.  At each 
t ime of the investigation seven or  eight mice were killed. Pieces  of the l iver were fixed in Carnoy 's  solution. 
Sections 5 /~ thick were coated with type M emulsion. The exposure was 50 days. The autoradiographs were 
stained with Carazz i ' s  hematoxylin. Cells with more than 3 grains of s i lver  above their  nucleus were regarded 
as labeled. The mitotic index (MI) and the index of labeled nuclei (ILN) were determined in promflle,  by count- 
ing 10,000-20,000 cells  in each animal. The experiments  were car r ied  out in January  and February.  
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TABLE 1. Diu rna l  Changes in MI and ILN of Hepatoeytes  of Cont ro l  Mice and Mice in 
E a r l y  Stages of L i v e r  C a r c i n o g e n e s i s  Induced by A d m i n i s t r a t i o n  of OAAT for  1 and 5 

months  (M :k m) 

Time of Control mice [ Adlni__mstration_ of OAAT for month Administration of OAAT for 5 months 

days MI P I MI p ILN p [ p 

10 a.m. 0,80• 

1 p.m.! 0,60--+0,17 

4 p.m. 0,46-+0,I1 

7 p_.m.! 0,31-+0,01 

10 p.m. 0,17• 

la.m. 0,21+_.0,07 

4 a.m, 0,39+-0,09 

7 a.rn. 0,32-+0,12 
Mean 

diurnal 
values 0,40• 

,01~ 

058 

117 

p ILN 

4,40• 

3,30• 

4,10• 

2,20• 

2, 30----- 0,52 

1,90---+0,52 

2,40+-0,34 

1,76-'-0,22 

2,75-- + 0,34 

0,060 

3,01( 

),56( 

),49 

), 187 

0,18• 

0,18~0,01 

0,19~0,01 

0,14• 

0,13• 

O, 1 O• 0,02 

0,43--0,03 

0,34+- 0,07 

0,21• 

2,10• 

1,80• 

2,41• 

4,35• 

1,23-----0,31 

1.04• 
3,001 

0,82+0,14 

1,07~0.1& 

1,85• 

0,141 

0,009 

MI ILN P 

0,65• 5,35• 1,6; 
0,t4 

0,47++-0,15 3,80• 1,1( 
0,38: 

0,64• 0,25 6,79 -+ 1,9( 
0,2N 

0,34• 0,04 3,74 +- l, I( 
9,00,' 

0,14• ),09~ 1,77+0,4"1 

0,61+-0,34 1,91• 

0,73+0,12 8,51-+ 1,9~ 
),216 

i0,47• 0,14 6,14-- + 1,81 

l,Sl• 4,80~0,81 

0,389 

0,220 

0,187 

0,040 

0,001 

3,001 

3,293 

Pl0p.m.4a.in. = 0.028 Pl0a.m.-Ta.m. -- 0.001 P4a.m.-10a.m. = 0.002 Pt0p.m.-4a.m. = 0.01 P4a.m.-tp.m. = 0.017 
Pl0a.m.-10p.rn. = 0.001 Pl0a.m.-Tp.m. = 0.001 Ptp.m.-Tp.m. = 0.026 P4p.m.-10p.m. = 0.07 P4p.m.-~0p.m. = 0.004 

E X P E R I M E N T A L  R E S U L T S  

One month a f t e r  the beg inn ing  of OAAT in jec t ion ,  the n o r m a l  p a t t e r n  of the l i v e r  s t r u c t u r e  was los t  be -  
cause  of p r o l i f e r a t i o n  of "oval  ce l l s " ;  m a r k e d  p o l y m o r p h i s m  of the l i v e r  c e l l s  was  obse rved .  F r o m  t ime  to 

t i m e  g r e a t l y  e n l a r g e d  l i v e r  ce l l s  with l a rge  h y p e r c h r o m i c  n u c l e i  were  seen.  Hype rp l a s i a  of the Kupffer  ce l l s  
and p r o l i f e r a t i o n  of the ep i t he l i um of the bi le  ducts  a l so  were  c h a r a c t e r i s t i c .  The p r e s e n c e  of r e g e n e r a t i v e  
changes  a long  with d e g e n e r a t i v e  p r o c e s s e s  in the e a r l y  s tages  of c a r c i n o g e n e s i s  l ed  Shaba d [6] to d e s c r i b e  th is  
s tage as  the stage of dif fuse i r r e g u l a r  hype rp l a s i a .  

Aga ins t  the b a c k g r o u n d  of the p i c tu r e  d e s c r i b e d  above,  mul t ip le  foei  c o n s i s t i n g  of homogeneous  and  u s u a l -  
ly  basoph i l i c  ce l l s ,  r a t h e r  s m a l l e r  in s i ze  than usua l ly ,  with round  n u c l e i  con ta in ing  one or  two nue leo l i ,  ap -  
p e a r e d  in the p a r e n c h y m a  of the l i v e r  of the mice  r e c e i v i n g  OAAT for  5 months .  A gradua l  t r a n s i t i o n  was ob-  
s e r v e d  f rom these  nodules  to the s u r r o u n d i n g  l i v e r  t i s s u e .  The second stage of c a r c i n o g e n e s i s ,  the s tage of 
focal p r o l i f e r a t i o n  [6], is connec ted  with the deve lopmen t  of nodula r  hype rp l a s i a .  

The r e s u l t s  of a study of c e l l u l a r  p r o l i f e r a t i o n  a r e  given in Table  1. They show that  the d i u r na l  r h y t h m  of 
of hepatocytes  s y n t h e s i z i n g  DNA in the con t ro l  a n i m a l s  ro se  to a s ingle  m a x i m u m  of ILN in the ]period be tween  
10 a .m.  and 4 p .m.  and  fell to a m i n i m u m  be tween  7 p .m.  and 7 a .m.  The d i u r na l  changes  in MI had the same  
c l e a r  monophas i e  c h a r a c t e r :  a g radua l  r i s e  of MI s t a r t i n g  at  4 a .m.  up to a m a x i m u m  at 10 a .m.  and a pe r iod  
of m i n i m a l  v a l u e s  of MI be tween  10 p .m.  and 1 a .m.  A s ign i f i can t  i n c r e a s e  in the v a l u e s  of MI at 4 a .m.  was 
o b s e r v e d  18 h a f t e r  the m a x i m a l  v a l u e s  of ILN. 

The d i u r n a l  rhy thm of ILN of the hepatocytes  in mice a f t e r  a d m i n i s t r a t i o n  of OAAT for  i month  a l so  was 
monophas ic  in c h a r a c t e r  with a m a x i m u m  at 7 p .m.  and a m i n i m u m  at 10 p .m.  to 7 a .m.  T h e r e  ,was thus  a 
phase shift  of 3 h in the r h y t h m  r e l a t i ve  to m a x i m u m  for  ILN of the hepa tocytes  of n o r m a l  a n i m a l s .  The c h a r -  
a c t e r  of d i u r n a l  changes  in MI of the hepa tocy tes  of th is  group of a n i m a l s  and of the con t ro l  group of mice  was 
s i m i l a r ~  Maximal  va lues  of MI in the e x p e r i m e n t a l  group were  o b s e r v e d  at  4 -7  a .m.  and  m i n i m a l  v a l u e s  b e -  
tween  7 p .m.  and 1 a .m.  The ILN r eached  a m a x i m u m  9 h before  the m a x i m u m  of MI. 

Af t e r  a d m i n i s t r a t i o n  of the c a r c i n o g e n  for  5 months  the d iu rna l  r h y t h m  of the D N A - s y n t h e s i z i n g  ce i l s  be -  
gan to exhibi t  two m a x i m a  of ILN, at 4 p .m.  and 4 a .m.  D iu rna l  changes  in MI of the hepa tocytes  in the second 
s tage of deve lopmen t  of c a r c i n o g e n e s i s  were  ana logous  to the changes  in MI in the con t ro l  a n i m a l s  (maximal  
va lues  be tween  4 and  10 a .m . ,  m i n i m a l  be tween  7 and 10 p .m.) .  The m a x i m u m  of ILN was o b s e r v e d  12 h before 
the m a x i m u m  of MI. 

C o m p a r i s o n  of the m e a n  d i u r n a l  v a l u e s  of ILN and  MI in the e x p e r i m e n t a l  and con t ro l  s e r i e s  showed that  
fo l lowing a d m i n i s t r a t i o n  of OAAT for  i month the re  was a d e c r e a s e  in the m e a n  d i u r na l  v a l u e s  of MI and ILN, 
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although it was not significant (P = 0.045 and 0.072 respect ive ly) .  The reason  for this could be, as s eve ra l  
worke r s  have shown [7, 10], the toxic act ion of the carcinogen on sensi t ive  t a rge t  cel ls .  The mean diurnal 
va lues  of MI and ILN of hepatoeytes cha r ac t e r i s t i c  of the stage of focal pro l i fe ra t ion  were  more  than twice as  
high (P =0.002 and 0.001 respect ively)  as  in the e a r l i e r  s tage of ca rc inogenes i s ,  ref lec t ing the inc rease  in the 
number  of cel ls  in the va r ious  phases  of the mitotic cycle.  

The sequence of changes studied in the p r o c e s s  of  ca rc inogenes i s  in the l ive r  t i s sue  can thus be r e p r e -  
sented as follows: in the f i r s t  s tage there  is a smal l  dec rease  in the number  of cel ls  par t ic ipat ing in p r o l i f e r a -  
tion, a f t e r  which the i r  number  r i s e s  sharp ly  in the second stage of ca rc inogenes i s ;  in both s tages  the in terval  
between the m a x i m a  of ILN and MI is reduced,  in all  probabi l i ty  because  of an inc rease  in the r a t e  of the pro l i f -  
era t ion of the hepatocytes.  By con t ras t  with the monophasic  rhythm of the DNA-synthesiz ing hepatocytes  under 
normal  conditions and in the f i r s t  s tage of ca rc inogenes i s ,  in the stage of focal pro l i fe ra t ion  an additional max i -  
mum of ILN appea r s  in the ea r ly  morning. This  may be due to the appearance  of a new subpopulation of hepato-  
cytes  during the fo rmat ion  of foci of nodular hyperp las ia  [7]. The exis tence  of a diurnal rhythm of DNA syn-  
thes i s  and of the number  of dividing ce l l s  is evidence of par t ia l  p r e se rva t i on  of the sens i t iv i ty  of the l i ve r  cel ls  
in the ea r ly  s tages  of ca rc inogenes i s  to the action of fac tors  control l ing the intensi ty of cell  p ro l i f e ra t ion  and 
causing cel ls  to en te r  the va r ious  phases  of the mitot ic  cycle  unequally at ce r ta in  t imes  of day. 

The author  is grateful  to Academician  of the Academy of Medical Sciences of the USSR L. M. Shabad for 
his valuable advice in the course  of this investigation. 
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