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In "ea r ly"  (22 h a f te r  the operation) dividing cel ls  of the regenera t ing  ra t  l ive r  the mitot ic  
cycle was sho r t e r  than in " la te"  (48 h a f t e r  operation) dividing cel ls .  In addition, a more  
synchronized passage  of individual cel ls  through all s tages  of the mitotic,  cycle was obse rved  
in the case  of the "ea r ly"  dividing ce l l s .  

The f i r s t  mi toses  appea r  in the regenera t ing  l i ve r  of adult r a t s  (weighing 150-200 g) between 20 and 
22 h a f te r  par t i a l  hepatectomy.  They inc rease  rapidly in number  to r each  a m a x i m u m  (30-35 ~ by 26- 
30 h a f t e r  the operat ion.  The mitot ic  act ivi ty then gradual ly  decl ines,  and by 72 h a f t e r  the operat ion it is 
at a low level  (1-3~ [1, 2, 4]. 

According to data in the l i t e ra tu re  [3], each  parenchymatous  cell  in the regenera t ing  l iver  divides ,as  
a rule, once (only a ve ry  few divide more  than once). Consequently,  the ce l l s  which divide during the f i r s t  
3 days of regenera t ion  began mi tos i s  at different t imes  a f t e r  par t i a l  hepatec tomy - some 20-22 h a f t e r  the 
operat ion,  many of them 26-30 h a f te r ,  and some much l a t e r  still ,  48-72 h a f t e r  the operat ion.  This  asyn-  
chronous commencemen t  of mi to s i s  of the pa renchymatous  cel ls  of the regenera t ing  l ive r  is obse rved  if 
the s t imulat ion of division (by which is impl ied  the t ime  of the Operation) takes  place at t he : same  t ime  for  
all  ce i ls .  

The object ive of the p resen t  invest igat ion was to compare  the mitot ic  cycle of the parenchymatous  cel ls  
of the regenera t ing  ra t  l iver  s ta r t ing  mi tos i s  22 h a f t e r  the operat ion (some of the f i r s t  group) and of cel ls  
s ta r t ing  mi tos i s  much l a t e r ,  v iz .  48 h a f t e r  the operat ion.  In other  words ,  it was hoped to d i scover  whether  
the re la t ive  delay between the t ime  of s t imulat ion of division and the beginning of the mitot ic  cycle has any 
effect  on the c h a r a c t e r  of the cycle.  So fa r  as the author is aware ,  this  p rob lem has not prev ious ly  been 
d iscussed  in the l i t e ra tu re  with r e s pec t  to cel ls  of the regenera t ing  l iver .  

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

Exper imen t s  were  c a r r i e d  out on noninbred r a t s ,  ma l e s  and f ema le s  weighing 170-200 g. In the ex-  
pe r imen t s  of s e r i e s  I the an imals  were  sac r i f i ced  22 h af ter  par t ia l  hepatec tomy,  p e r f o r m e d  by the usual 
method,  while in s e r i e s  II they were  ki l led 48 h a f t e r  the operat ion.  In both s e r i e s  of expe r imen t s  the ani -  
mals  r ece ived  an injection of thymidine-H 3 in a dose of 0.1 #Ci /g  (specific act ivi ty about 800 mCi /mmole )  
14,12, 11, 10, 9, 8, 6, 5, 4, 3, and 2 h before  sacr i f i ce  (3-6 an imals  for  each  t ime) .  Sections of the l ive r  
were  coated with type "R" l iqu idnue lea r  emulsion and exposed  at 4~ for  3-4 weeks .  Af ter  development ,  
the sect ions  were  stained with M a y e r ' s  hematoxylin, and the percentage  of labeled metaphases  was de t e r -  
mined.  In cases  in which the total  number  of mi toses  was higher than 50/00 (this was the overwhelming m a -  
jor i ty) ,  the percen tage  of labeled me taphases  was de te rmined  by counting 100 metaphases  in each  ra t ,  but 
if, on the other  hand, the total  number  of mi to ses  was l ess  than 50/0o, 50 me taphases  were  counted in each  
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Fig. 1. Changes in percentage  
of labeled metaphases  in r egen -  
era t ing  ra t  l ive r  a f t e r  injection 
of thymidine-H 3 at var ious  t imes  
before sac r i f i ce :  1) "ea r ly"  
dividing cel ls  (22 h a f te r  op- 
erat ion);  2) " la te"  (48 h a f te r  
operation) dividing cel ls .  Ab-  
s c i s sa ,  t ime  (in h) before s a c -  
r i f ice  (mitosis);  ordinate ;  num-  
ber  of labeled me taphases  (in%). 

animal .  By determining the percentage  of labeled me taphases  a f t e r  
injection of thymidine-H 3 at different  t imes  before sacr i f i ce  (mitosis) ,  
it was possible  to es tab l i sh  the l imi t s  of the individual per iods  of 
the mitotic cycle for  the cel ls  concerned.  

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

The re su l t s  of the expe r imen t s  of s e r i e s  I and II a re  i l lus t ra ted  
in Fig. 1. They show that  the f i r s t  labeled me taphases  in the "ea r ly"  
dividing ce l l s*  are  found when thymidine-H 3 was  given 10 h before  
sacr i f ice  (before mi tos i s ) .  This indicates  that  at this  t ime the cel ls  
were  s tar t ing  to synthesize DNA. The m a x i m u m  number  of labeled 
me taphases  (94-98%) was found when the isotope was  given 8-4 h 
before  sac r i f i ce .  The number  of labeled me taphases  subsequently 
fell  rapidly :  when thymidine-H 3 was given 2 h before  sac r i f i ce  only 
2% of labeled m e t a p h a s e s  were  found, i.e.,  in the t ime i n t e rva l  b e -  
tween 4 and 2 h before  mi tos i s  the synthetic (S) per iod of in terphase  
was completed.  

Meanwhile, the f i r s t  labeled me taphases  i n the  " late"  dividing ce l l s  were  observed  when the isotope 
was injected 14 h before  sacr i f i ce  (these cel ls  s t a r t ed  DNA synthesis  somewhat  e a r l i e r  than the "ea r ly"  
dividing cel ls) .  The number  of labeled m e t a p h a s e s  reached a max imum (94-97%) if the isotope was injected 
9-5 h before  mi tos i s .  All the cel ls  ceased  to incorpora te  labeled thymidine 2 h before  mi tos is ,  i.e., they 
had concluded the synthetic per iod of the in te rphase .  

Compar i son  of the curves  of labeled me taphases  for  the "ea r ly"  and " la te"  dividing cel ls  leads  to 
the following conclusions regarding the c h a r a c t e r  of the i r  mitot ic  cyc les .  

F i r s t ,  all  the per iods  of the mitotic cycle a re  sho r t e r  in the "ea r ly"  dividing cel ls  than in " la te"  di-  
viding cel ls .  The minimal  duration of the Gl -pe r iod  of the "ea r ly"  dividing cel ls  is evidently accompanied  
by a re la t ive ly  sho r t e r  duration of the i r  S- and G2-periods.  The duration of the S-per iod  of the "ea r ly"  
dividing cel ls  is about 1.2 h shor t e r  than the duration of the S-per iod  of the " late"  dividing cel ls  (it was 
de te rmined  as the t ime  between the 50% level  of labeled metaphases  on the ascending and descending seg-  
ments  of the curves  and is shown in Fig. 1 by the c i rc les ) .  The G2-period of the " e a r l y ,  dividing cel ls  
was a lso  shor t e r .  It was  imposs ible  to answer  the question of to what extent the Gl -per iod  was lengthened 
in the "late" dividing ceils  because it is  not yet  known whether  prolongation of the Gl -pe r iod  is all t ha t t akes  
place or  whether ,  in addition, there  is m a rked  delay in the movement  of cei ls  f rom the G 0- into the G 1- 
per iod.  

The mitot ic  cycles  of the "ea r ly"  and , l a te"  dividing cel ls  evidently a lso  differ, in that l e s s  var iab i l i ty  
is obse rved  in the population of "ear ly , '  dividing cells  in the duration of the individual per iods  of the m i -  
totic cycle.  This  is r e f l ec ted  graphical ly  by the s t eepe r  r i s e  and fall  of the curve  of labeled metaphases  
of these  cel ls .  

Hence, the ,ear ly , ,  dividing cei ls  of the regenera t ing  ra t  l ive r  not only have a sho r t e r  mitot ic  cycle,  
but they also have a more  synchronous or  "col lect ive"  passage  of the individual cei ls  through all  the per iods  
of the mitotic cycle.  In the case  of the " late"  dividing cei ls ,  an inc rease  in the to ta l  duration of the m i -  
totic cycle is accompanied  by a significantly lower  degree  of synchronizat ion of i ts  course .  

Probably  the d i f ferences  obse rved  between the c h a r a c t e r  of the mitot ic  cycle of these  two groups of 
cel ls  can be at t r ibuted to the re la t ive  length of the in terval  between mi tos i s  and the t ime  of s t imulat ion of 
division. Ceils dividing at the shor tes t  per iod a f t e r  s t imulat ion pass  through the mitot ic  cycle more  rapidly 
and a lso  more  synchronously.  A longer  in terva l  a f t e r  s t imulat ion of division is  a s soc ia ted  not only with a 
longer  duration of the mitot ic  cycle ,  but a lso  with much g r e a t e r  a synchron i sm in the passage  of individual 
cel ls  through i ts  per iod.  

*Cells dividing 22 h a f t e r  the operat ion (exper iments  of s e r i e s  I) will in future be cal led "ea r ly"  dividing, 
while those s ta r t ing  mi tos i s  48 h a f t e r  the operat ion (exper iments  of s e r i e s  II) will be cal led " late"  di-  
viding cel ls .  
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Similar data concerning the character  of the mitotic cycle of transplantabl.e tumor cells have been 
published. In most papers on this problem [5-8] the duration of the mitotic cycle of the cells is considered 
to be directly dependent upon the time elapsing from transplantation {this procedure is known to stimulate 
the mitotic division of the transplanted cells), 

The distinguishing features of the mitotic cycle of , ea r ly ,  and "late" dividing cells of the regenerating 
rat l iver examined above evidently reflect  general principles governing the changes in the character  of 
the mitotic cycle of cells, depending on the relative duration of the interval between mitosis and the st im- 
ulation of cell division. 
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