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An au to rad iograph ic  study us ing  thymid ine -H 3 has shown that  a f te r  r emova l  of two- th i rds  of 
the l i ve r  in CBA mice three  waves of labeled m i t o s e s  appea r .  This  is evidence of repea ted  
d iv is ion  of the hepa tocy tes .  

W o r k e r s  who have s tudied the mi tot ic  cyc le  in the r egene ra t i ng  l iver  [1, 4, 7, 8] did not obtain a s e c -  
ond wave of labeled mi toses  and they could not t he r e fo re  de te rmine  the dura t ion of the whole cyc le .  How- 
eve r ,  in these  inves t iga t ions  the dura t ion  of the expe r imen t  (the t ime a f te r  admin i s t r a t i on  of thymid ine-H ~) 
did not exceed  38 h. 

In a p rev ious  inves t iga t ion  in mice  [3], a f t e r  r e sec t i on  of two- th i rds  of the l iver  labeled thymidine 
was in jec ted  4 t imes  in the cour se  of 24 h. Between 70 and 100% of labeled mi toses  was found 33 h a f t e r  
the l as t  inject ion.  Since the t ime in te rva l  between the waves of DNA synthes i s  and of mi toses  in the r egen -  
e ra t ing  l ive r  was 9-10 h, this fact  could be explained e i the r  by r epea ted  divis ion of the ce l l s  labe led  dur ing 
the pe r iod  of in jec t ions  o r  by r eu t i l i za t ion  of the thymid ine -H 3 label  by ce i l s  synthes iz ing  DNA in the sub-  
sequent  pe r iod  [5, 6]. 

To solve this p r o b l e m  and to de t e rmine  the dura t ion  of the mi tot ic  cyc le  in r e ge ne r a t i ng  l ive r  c e l l s ,  
2 s e r i e s  of expe r imen t s  were  c a r r i e d  out. 

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

In s e r i e s  I, two- th i rds  of the l i ve r  was r e s e c t e d  f rom 48 hybr id  (CBA x C57B1) male  mice weighing 
14-20 g between 11 a .m.  and 12:3G p .m.  Al toge the r  41 mice  surv ived .  Next day between 11:30 p .m.  and 
midnight the mice rece ived  an i n t r ape r i t onea l  in jec t ion  of thymid ine-H 3 of Soviet  manufacture  with a r e l a -  
t ive ac t iv i ty  of 1.4 C i / m m o l e  in a dose of 0.6 #Ci /g .  The mice  were  s a c r i f i c e d  in groups of two o r  th ree  
2, 3, 4, 5, 6, 8, 10, 11, 12, 14, 15, 17, 20, 24, 28, 30, 32, 34, and 36 h a f te r  the inject ion.  

The expe r imen t s  of s e r i e s  II were  c a r r i e d  out on male  CBA mice with a mean weight  of 18 g. In CBA 
mice  [6], jus t  as  in CBA • C57B1 hybr ids  [3], mass  ent ry  of hepatocytes  into the per iod  of DNA synthes i s  is 
observed  36-38 h a f t e r  r emova l  of two- th i rds  of the l iver ;  the opera t ions  on 55 mice  were  p e r f o r m e d  b e -  
tween 10-30 a .m.  and 12:30 p .m.  Al toge ther  38 mice  surv ived ,  and next day between 11:30 p .m.  and midnight  
they were  in jec ted  with thymidine-H ~ in a dose  of 0.7 #Ci /g .  These  mice were  s a c r i f i c e d  9, 31, 36, 41, 46, 
50, 54, 58, 62, 66, 70, 74, 78, and 82 h a f t e r  in jec t ion  of thymid ine-H 3. 

So that the second wave of labeled mi toses  should not be mi s sed ,  a l l  the mice of s e r i e s  II except  
those s a c r i f i c e d  at  the f i r s t  two t imes  rece ived  an in t r ape r i t onea l  in ject ion of colchamine (the Soviet p r e p -  
a ra t ion  ident ica l  with democolcine)  solut ion in a dose of 5 m g / k g  4-5 h be fore  s a c r i f i c e .  The to ta l  dura t ion 
of the exper imen t  in s e r i e s  I was 72 b and in s e r i e s  II 118 h. 
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Fig.  1. Labe led  and un labe led  co lch ic ine  
m i t o s e s  ( indicated by a r rows)  in r e g e n e r a t -  
ing l ive r  41 h a f t e r  t r e a t m e n t  with t h y m i d i n e -  
H 3 (second wave of labe led  mi toses ) :  A) 
labe led  m i t o s e s ;  B) un l abe l ed  m i t o s i s .  

The l i ve r  was fixed in  C a r n o y ' s  f luid.  Pa ra f f in  
s ec t i ons ,  5 te in  t h i cknes s ,  were  coated with type M 
(NIIKhIMFOTO) e m u l s i o n .  The d u r a t i o n  of exposu re  
was 9 days in  s e r i e s  I and  23 days in  s e r i e s  II. The 
s e c t i o n s  w e r e  s t a ined  with M a y e r ' s  hematoxy l in .  De-  
pend ing  on the f r equency  with which m i t o s e s  w e r e  found 
unde r  a ma gn i f i c a t i on  of 1350 t i m e s ,  f rom 2300 to 
12,000 hepatocyte  nuc le i  w e r e  e x a m i n e d  in  s e r i e s  I and 
f r o m  7,000 to 34,000 nuc le i  in s e r i e s  II. 

The to ta l  mi to t i c  index,  the index of labe led  m i -  
t o s e s ,  the index of labeled  nuc le i ,  and the n u m b e r  of 
l abe led  m i t o s e s  as  a p e r c e n t a g e  of the tota l  n u m b e r  of 
m i t o s e s  we re  d e t e r m i n e d .  The m e a n  n u m b e r  of g r a i n s  
of s i l v e r  above the labeled  m i t o s e s  a l so  was d e t e r m i n e d :  
in  s e r i e s  I m i t o s e s  above which the re  w e r e  a t  l ea s t  
t h ree  g r a i n s  of s i l v e r  w e r e  counted as labe led ,  but  in 
s e r i e s  1I only those with at l eas t  s e ve n  g r a i n s  of s i l v e r  
we re  so counted b e c a u s e  the co lch ic ine  m i t o s e s  occupy 
a l a r g e r  a r e a  than n o r m a l  m i t o s e s  and i n t e r p h a s e  nu -  
c le i  (Fig.  1). In this  c a se ,  however ,  the p e r c e n t a g e  of 
m i t o s e s  with 1 or  2, 3, o r  4, and 5 or  6 g r a i n s  of s i l v e r  
was e s t i m a t e d  s e p a r a t e l y .  

Cases  in which at  l eas t  20 m i t o s e s  we re  found 
were  used  to plot  the cu rve  of labe led  m i t o s e s .  On the 
a v e r a g e  the re  were  60 m i t o s e s  p e r  ca se  in  s e r i e s  I and 
53 in  s e r i e s  II. 

EXPERIMENTAL RESULTS 

The curve of the percentage of labeled mitoses 

plotted from the results of series I is shown in Fig. 2A 
(i). According to this curve, the total duration of the 

G2-period + 1/2 mitosis in the regenerating mouse 

liver was 5 h, and that of the S-period 7 h. The curve did not reach the 100% level, evidently because of 

the insufficient exposure in this series. However, the results mainly agreed with those in the literature 
[i, 4, 7, 8]. Only in an investigation by Li [2], who studied the mitotic cycle in the regenerating liver at 

later periods of regeneration (starting with 70 h), was the S-period longer in duration (8.8 h). 

No second wave of labeled mitoses was obtained in series I. The very slight rise after 28 h took 

place because of mitoses with a very small mean number (3.2) of silver grains. During the first wave, 
the mean number of grains above the mitosis was 17. 

In series H, 9 h after injection of thymidine-H 3, 95% of mitoses were labeled. The mean number of 
grains of silver above a mitosis was 42. The next two periods (31 and 36 h) were characterized by a low 

percentage (5 and 8) of labeled mitoses. The investigations at these 3 times, repeating the corresponding 

times of series I, thus confirmed its results. Further, as is clear from Fig. 2A (2), the curve of labeled 
mitoses gave two waves (a second and third) with maxima at 46 h and 68 h, reaching the 50% level. The 
mean number of grains above the labeled mitoses during the second and third waves was almost identical 

(26 and 27). The maximum of the second wave was separated from the maximum of the first wave of 

labeled mitoses by 37 h, and the maximum of the third wave from that of the second by 20 h.* 

Changes in the total mitotic index and index of labeled mitoses (the number of labeled mitoses per 
i000 cel ls )  in  the c o u r s e  of the e x p e r i m e n t  a r e  shown in Fig.  2B. The m o r n i n g  wave of m i t o s e s  on the 

* I n c l u s i o n  of m i t o s e s  with 5-8 and 3 -4  g r a i n s  of s i l v e r  above t h e m  a mong  the labeled  group i n c r e a s e s  
the level  of the cu rve  of labe led  m i t o s e s  in  the f i r s t  case  by about  5%, and in  the second by 15-30%, bu t  the 
cu rve  s t i l l  r e m a i n s  s i m i l a r  in  c h a r a c t e r .  
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Fig .  2. Change in p e r c e n t a g e  of  l a b e l e d  m i t o s e s  in  r e g e n e r a t i n g  
m o u s e  l i v e r  of  s e r i e s  I (cont inuous  line) and II (b roken  line) d u r i n g  
e x p e r i m e n t  (A); change  in t o t a l  m i t o t i c  index  (1, 3) and index of 
of  l a b e l e d  m i t o s e s  (2, 4) in r e g e n e r a t i n g  m o u s e  l i v e r  (B) ( s t a r t i n g  
f r o m  36 h a f t e r  i n j e c t i o n  of  t h y m i d i n e - H  3, m i t o t i c  i nd i c e s  w e r e  ob -  
t a i n e d  f o r  m i c e  r e c e i v i n g  d e m e c o l c i n e  4 -5  h b e f o r e  s a c r i f i c e ) .  
O r d i n a t e :  A ) p e r c e n t a g e  of l a b e l e d  m i t o s e s ,  B) m i t o t i c  index (in ~0) ,  
a b s c i s s a :  A) t i m e  a f t e r  i n j e c t i o n  o f  t h y m i d i n e - H  3 (in h); B) (num-  
b e r s  f r o m  top to b o t t o m  r e s p e c t i v e l y )  t i m e  a f t e r  i n j e c t i o n  of t h y m i -  
d i n e - H  3 (in h); t i m e  of  day; t i m e  a f t e r  o p e r a t i o n  (in h). 

f i r s t  day  of i n c r e a s e d  p r o l i f e r a t i o n  in  the r e g e n e r a t i n g  l i v e r  was  due m a i n l y  to c e l l s  s y n t h e s i z i n g  DNA a t  
midn igh t  (at the t i m e  of i n j ec t ion  of t hymid ine -H3) .  B e c a u s e  of  the  m o r e  r e g u l a r  e x p o s u r e  in s e r i e s  II ,  a 
s m a l l e r  gap could  be  ob ta ined  b e t w e e n  the to ta l  index of  m i t o s e s  and the index  of  l a b e l e d  m i t o s e s  (26-250/oo). 
The  f r a c t i o n  of c e l l s  of the f i r s t  wave  of  m i t o s e s  v i r t u a l l y  d id  not  p a r t i c i p a t e  in the i n c r e a s e  in m i t o t i c  a c -  
t i v i t y  d u r i n g  the m o r n i n g  of  the  fo l lowing  day .  C o n v e r s e l y ,  in the  even ing  and at  n ight  30-50% of a l l  m i -  
t o s e s  w e r e  c e l l s  of  the  f i r s t  wave  d i v i d i n g  a s e c o n d  t i m e .  The  a b s o l u t e  s i z e  of  the  f r a c t i o n  of  r e p e a t e d l y  
d i v i d i n g  c e l l s  was  s m a l l ,  as  is  c l e a r  f r o m  Fig .  2B (4), e s p e c i a l l y  when i t  is  r e m e m b e r e d  tha t  the  m i t o t i c  
i ndex  ( c u r v e s  3 and 4) was  the  r e s u l t  of a c c u m u l a t i o n  of m i t o s e s  for  4-5 h u n d e r  the in f luence  of  d e m e c o l -  
c ine .  

The  m o r n i n g  i n c r e a s e  in the  m i t o t i c  index on the 5 t h d a y  of the e x p e r i m e n t  (94 h a f t e r  the ope ra t i on )  
was  much  lower  than  the p r e c e d i n g  r i s e ,  but  a l s o  took p l a c e  p r i n c i p a l l y  on accoun t  of  u n l a b e l e d  m i t o s e s .  
The t h i r d  wave  of  l a b e l e d  m i t o s e s  a g a i n  o c c u r r e d  in the  even ing .  The  to t a l  n u m b e r  of m i t o s e s  f o r m i n g  
the s e c o n d  wave  of  l a b e l e d  m i t o s e s  was  s l i g h t l y  m o r e  than 4% of  t h e i r  t o t a l  in the f i r s t  wave  of l a b e l e d  
m i t o s e s .  If i t  i s  a c c e p t e d ,  as  a rough  gu ide ,  tha t  the  n u m b e r  o f  c e l l s  in the  l i v e r  was  doub led  d u r i n g  the 
p e r i o d  be tween  the two w a v e s ,  it  can  be  a s s u m e d  tha t  9-  10% of the  c e l l s  p a r t i c i p a t i n g  in the  f i r s t  i n c r e a s e  
in the  n u m b e r  o f  m i t o s e s  d iv ided  a s e c o n d  t i m e  wi th in  36 h. 

The  c o n s i d e r a b l e  f luc tua t ions  in m i t o t i c  a c t i v i t y  in the  c o u r s e  of  the e x p e r i m e n t  c o n s i d e r a b l y  added  
to the d i f f i cu l t y  of d e t e r m i n i n g  the  d u r a t i o n  of  the  m i t o t i c  c y c l e  f r o m  the c u r v e  of  p e r c e n t a g e  of  l a b e l e d  
m i t o s e s .  F o r  i n s t a n c e ,  c o m p a r i s o n  of the c u r v e s  in  F i g s .  2A and 213 shows tha t  the high p e r c e n t a g e  of  
l a b e l e d  m i t o s e s  46 h a f t e r  i n j ec t i on  of t h y m i d i n e - H  3 can  l a r g e l y  be  a t t r i b u t e d  to a d e c r e a s e  in the  n u m b e r  
of  u n l a b e l e d  m i t o s e s .  A t r u e  i n c r e a s e  in the  n u m b e r  of l a b e l e d  m i t o s e s  o c c u r r e d  a t  41 h. I t  was  t h e r e f o r e  
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cons ide red  that a more  c o r r e c t  e s t ima te  of the t ime T would be 33 h. The t ime Gt in this case  would be 
about 21 h. The co r re spond ing  va lues  de t e rmined  f rom the curve of pe rcen tage  of labeled mi toses  were  
37 and 25 h. 

To a s c e r t a i n  the causes  of appearance  of the third wave of labe led  mi toses  obtained in these  e x p e r i -  
ments ,  s e v e r a l  poss ib le  i n t e rp re t a t i ons  must  be cons idered .  

1. Cells  labe led  at  the beginning of the exper imen t  divided 3 t imes  (passed through two mitot ic  
cyc les ) .  

2. Cells  dividing in the pe r iod  of the f i r s t  wave of mi toses  s t a r t e d  a new cycle  at  d i f fe ren t  t imes  
and gave two maxima  of labeled mi toses  in the evenings of two consecut ive days .  Most of them e i the r  did 
not divide a second t ime in the pe r iod  of r egene ra t ion  or  divided l a t e r  s t i l l .  

3. The th i rd  wave of labeled mi toses  was the r e su l t  of r eu t i l i za t ion  of the labeled DNA of dying 
lymphoid cel ls  by ce l l s  p r e p a r i n g  for  m i t o s i s .  

An a rgument  aga ins t  the f i r s t  suggest ion is the fact  that  the second and th i rd  waves were  too c lose  
together ,  and the number  of g ra ins  of s i l v e r  above the labeled mi toses  dur ing the th i rd  wave was too high. 
This las t  point a l so  is  an a rgument  aga ins t  the hypothes is  of r eu t i l i za t ion  of the label .  During r e u t i l i z a -  
t ion of labeled DNA, a weaker  but un i form in tens i ty  of label ing above the mi toses  would be expected.  

The second hypothes is  s eems  most  p robab le ,  but a fur ther  quest ion a r i s e s :  why did the ce l l s  which 
pa r t i c ipa t ed  in the f i r s t  wave of p r o l i f e r a t i o n  divide a second t ime in the evening but did not take pa r t  in 
the more  na tura l  morning  max ima  of mi tot ic  ac t iv i ty  ? 

No r e g u l a r  pa t t e rn  of change in the number  of g ra ins  of s i l v e r  above the labeled mi toses  in the 
course  of the expe r imen t  could be de tec ted ,  such as  is  usua l ly  used as  an addi t ional  c r i t e r i o n  when d e t e r -  
mining the dura t ion  of the mi to t ic  cyc le .  The index of labeled nuclei gave ve ry  sha rp  f luctuat ions (for ex-  
ample ,  f rom 1 to 49%) among individual  mice  both at  the beginning and at  the end of the expe r imen t ,  but on 
the whole it r ema ined  a t  app rox ima te ly  the same level .  

The mean number  of s i l v e r  g ra ins  above the labeled m i t o s e s ,  which a l so  f luctuated,  fel l  dur ing  the 
58 h a f t e r  in jec t ion  of thymid ine -H 3, but then re tu rned  to its o r ig ina l  level ,  evident ly  because  of r e u t i l i z a -  
t ion of labeled DNA. 
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