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Mice were given orthoaminoazotoluene for 9 months.  The duration of the G2 and S periods of 
the mitotic cycle was determined by an autoradiographic method and the duration of mi tos is  
was determined by a stathmokinetic method using colcemid for hepatocytes  f rom intact liver 
and for cells of adenomatous nodules and p r imary  hepatomas.  The duration of the S period for 
cells  of the intact l iver and of the adenomatous nodules was shown to be identical (13.8 and 
13.9 h respect ively) ,  whereas  for hepatoma cells  it was reduced to 12.8 h. The duration of the 
G 2 period did not change substantially in the course  of carc inogenes is  and ranged f rom 2.2 to 
2.7 h. The mean diurnal  duration of mi tos is  likewise was unchanged at about 1 h. The increase  
in the number of mi toses  and of DNA-synthesiz ing cells  in hepatomas resu l t s  f rom the ent ry  of 
a l a rger  number of cel ls  into mi tos is  and into the S period and not f rom an increase  in the dura -  
tion of the M- and S periods of the mitotic cycle.  
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It has recent ly  been shown that during induced carc inogenes is  of the liver in mice and ra t s  the mitotic 
index (MI) and index of labeled nuclei (ILN) are  higher than in the liver of normal  animals [2, 7, 9, 12, 13]. 
The present  wri ter '  s previous findings also indicated a marked  increase  in the mean 24-hourly values of MI 
and ILN in the liver cells  of mice during carc inogenes is  [5] .  The increase  in the two indices could be due 
ei ther  to an increase  in the duration of the individual periods of the mitotic cycle or to an increase in the num-  
ber of cells s tar t ing on these periods.  

The object of the present  study was to investigate the duration of ~some periods of the mitotic cycle of 
mouse liver cells at different s tages of carc inogenesis  induced by orthoaminoazotoluene (OAAT). 

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

Noninbred male albino mice  weighing 20-25 g were used. OAAT was given to the experimental  animals 
for 9 months by the method descr ibed previously [5]. Control animals did not receive  OAAT. 

Indices of the mitotic cycle of intact hepatocytes were studied in the liver of the control  mice.  The same 
indices were studied in the experimental  mice for cells  of adenomatous nodules and of p r imary  hepatomas,  i.e., 
morphological  s t ruc tures  corresponding to stages II and III of hepatocarc inogenesis  according to Shabad' s 
classif icat ion [6] .  

Exper iments  to determine the duration of mi tos is  (t M) were per formed on some of the animals of the 
control  and experimental  groups with the aid of colcemid.  The compound was injected intraperi toneal ly in a 
dose  of 5 mg /kg  body weight 4 h before sacr i f ice  at four t imes during the 24-h period. Five or six mice were 
used at each time. Control animals were killed on the same day, three mice at a time, 12 t imes during the 24-h 

period. 

The duration of mi tos is  was calculated by the equation: 

MI "A 
tM - -  M l c o  1 , 
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Fig.  1. Changes in pe rcen tage  of labeled m i t o s e s  of l iver  ce l l s  of in-  
tac t  m ice  and of mice  in d i f ferent  s tages  of hepa toea rc inogenes i s .  
1) Hepatocytes  of in tact  mice ;  2) ce i l s  of adenomatous  nodules;  3) ce l l s  
of p r i m a r y  hepa tomas .  Absc i s sa ,  t ime af ter  injection of [3HI thymidine 
(in h); ordinate,  pe rcen tage  of labeled mi to se s .  

where t M is the durat ion of m i t o s i s  (in h); A the durat ion of action of co lcemid  (4 h); Mice I the mi to t ic  index 
in mice  r ece iv ing  colcemid.  MI and Mice 1 were  de te rmined  on the bas i s  of examinat ion  of 10,000-20,000 ce l l s  
in his tological  sec t ions  of the l iver  and hepa tomas .  

Other indices of the mitot ic  cycle were  de te rmined  in some of the n o r m a l  and expe r imen ta l  mice  f r o m  
the curve  of labeled m i t o s e s  [11]. 

[3H]Thymidine (USSR) with a specif ic  act ivi ty  of 19.8 C i / m m o l e  was injected once, in t raper i tonea l ly ,  at 
9 a .m.  into the expe r imen ta l  m ice  in a dose of 0.5 ~ C i / g  body weight. The an imals  were  kil led 1, 2.5, and 4 h 
la ter ,  and subsequently at 3-hour ly  in te rva l s  for  24 h. [3H]Thymidine was injected into n o r m a l  mice  at 8.30 
a.m. and these an imals  were  ki l led 1, 2, 3, and 4 h la ter  and subsequently at 2-hour ly  in te rva ls  for  24 h. 

Labeled and unlabeled m i t o s e s  were  counted during examinat ion of 50,000-60,000 ce l l s  in the au torad io-  
graphs  (exposure 30-50 days).  The propor t ion  of labeled m i t o s e s  was de te rmined  in the total  number  of divid-  
ing hepa tocytes  found in all  the an imals  (five or  six mice)  used at each period of the invest igat ion.  The p ro -  
l i fe ra t ive  pool (Pc) was de te rmined  by Mendelsohn ' s  method [10] as modif ied by Denekamp [8] .  

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

The r e s u l t s  in Table  1 show that the longest  durat ion of m i to s i s  was obse rved  at 6-10 p .m.  in the l iver  
of n o r m a l  mice  (1.28 h) and in the hepa tomas  (1.47 h) and at noon-4 p .m.  in the adenomatous  nodules (1.71 h); 
the sho r t e s t  durat ion of mi to s i s  was found f r o m  midnight  to 4 a .m.  in the n o r m a l  mice  and f r o m  6 to 10 a~ 
in the adenomatous  nodules and hepa tomas  (P < 0.05). It  follows f r o m  Table  1 that the diurnal  rhy thm of m i -  
tos is  was bas ica l ly  the same  in the expe r imen ta l  and control  mice .  The highest  values  of MI were  observed  
during the morn ing  (noon-10 a .m. ,  P < 0.05). These  observa t ions  conf i rmed previous  r e s u l t s  [5] indicating 
the s i m i l a r i t y  of the diurnal  rhy thm of the l iver  ce l l s  in n o r m a l  an ima l s  and at the succes s ive  s tages  of hepa to -  
ca rc inogenes i s .  The highest  va lues  of MI c o r r e s p o n d  to the highest  values  of blocked m e t a p h a s e s .  Fo r  in- 
s tance,  diurnal  changes in Mice  I indicate that the inc rease  in MI was main ly  due to an inc rease  in the number  
of ce l l s  s t a r t ing  mi tos i s ,  in all the groups of an imals  studied. The fac t  that the diurnal  rhy thm of mi tos i s  de -  
pends ma in ly  on changes in the r a t e s  of en t ry  into mi tos i s  of the ce l l s  during the 24-h per iod has  a lso  been e s -  
tablished by other worke r s  for  both no rm a l  and tumor  t i s sues  [1, 3, 4]. 

The mean values  of MI and Mice 1 for  the 24-h per iod for the hepa toma  ce l l s  were  m o r e  than twice as high 
as those for  hepatocytes  of intact  mice  (P < 0.05). 

The r e s u l t s  of the study of the durat ion of the per iods  of the mitot ic  cycle  a re  i l lus t ra ted  in Fig. 1. They 
show that cu rves  of the percen tage  of labeled m i t o s e s  in hepatocytes  of no rma l  mice  and in ce l l s  of adenoma-  
tous nodules and p r i m a r y  hepa tomas  were  ve ry  s i m i l a r .  However ,  the e a r l i e r  beginning and the m o r e  gradual  
fal l  of the descending pa r t  of the curve  of labeled mi to se s  for  the hepa tomas ,  so that it r eached  values  below 
50% frac t ion  of labeled mi to se s ,  will be evident.  Consequently the durat ion of the S per iod for  hepa toma  ce l l s  
(12.8 h) was r a the r  lower than for  the hepatocytes  of no rma l  l iver  and for  the ce l l s  of adenomatous  nodules 
(13.8 and 13.9 h respec t ive ly ) .  The durat ion of G 2 + l/~M for  hepa toma ce l l s  (2.2 h) was a lmos t  the same  as  for  
n o r m a l  l iver  ce i l s  and for  ce i l s  of the adenomatous  nodules (2.2 and 2.7 h r e spec t ive ly ) .  
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The calculated value of Pc for hepatocytes  of intact mice was 1%, for  cel ls  of adenomatous nodules 1.7%, 
and for p r ima r y  hepatoma cel ls  2.7%. 

The p rocess  of hepatocarc inogenesis  induced by OAAT is thus charac te r i zed  by a short  decrease  in the 
duration of the S period.  The mean values of t M for  the 24-h period (Table 1) did not change significantly dur -  
ing the course  of ca rc inogenes i s  (in the intact and exper imenta l  mice  the duration of mi tos is  was about 1 h). 

Consequently, the resu l t s  are evidence that the increase  in the mean number of DNA-synthesiz ing and 
dividing cei ls  in the 24-h period discovered by the wri ter  previously in the course  of hepatocarc inogenesis  [5], 
and also the increase  in the mean value of MI during the 24-h period for hepatoma cel ls  observed in the p r e s -  
ent investigation are not due to an increase  in the duration of mi tos is  or of the S period of the mitotic cycle.  
The increase  in MI and ILN of the liver cells  in the course  of carc inogenes is  may perhaps depend on an in- 
c rease  in the number  of cei ls  enter ing the cor responding  phase of the cycle.  This hypothesis  is also confirmed 
by the increase  in Pc and in the mean values of MIco I for the 24-h period in the late stages of hepa tocarc ino-  
genesis d iscovered in the present  investigation. 
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