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Repeated  s t imulat ion of divis ion at a shor t  in te rva l  (2-3 days) af ter  the f i r s t  division cause s  
shor tening of the p re rep l i ca t i ve  per iod of the mitot ic  cycle of hepa tocytes  in the r egene ra t i ng  
r a t  l iver  to 9-10 h. Cel ls  dividing a second t ime a f te r  one s t imulat ion pas sed  through the G 1 
per iod of the second mi to t ic  cycle in the s ame  length of t ime.  I t  is sugges ted  that ce l l s  with 
the min ima l  durat ion of the p re r ep l i ca t i ve  per iod do not pass  through a per iod of t r a n s f o r m a -  
tion. With an inc rease  in the t ime between success ive  s t imula t ions  of divis ion (to 4-5 days) 
the durat ion of s tay  in a r e s t i ng  s ta te  was inc reased  for  m o s t  hepa tocytes  and they los t  their  
abi l i ty to mainta in  a shor tened p re rep l i ca t i ve  per iod.  
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In a number  of pape r s  published recen t ly ,  desc r ib ing  in vivo invest igat ions,  the au thors  found shor tening 
of the p re rep l i ca t ive  per iod in ce l l s  of the s a l i v a ry  glands and kidneys dur ing r epea ted  s t imulat ion of division 
[7, 9-11, 14, 15]. The p re rep l i ca t ive  per iod was lengthened again if the in te rva l  between success ive  s t imu la -  
tions of division was increased  [11].  The p re rep l i ca t ive  per iod of cel ls  and sy s t em has  been studied in m o r e  
detai l  in vi t ro .  After s t imulat ion of division in cell  cu l tures  spending dif ferent  lengths of t ime in the s ta t ionary  
phase of growth it was  shown that: 

1) induction of pro l i fe ra t ion  induced s t ruc tu r a l  and functional changes in the chromat in  of the r e s t i n g  cel l  
[5, 6, 8, 12] ; the en t ry  into the G 1 per iod of the mi to t ic  cycle was p receded  by a " r e s idua l  G o phase" 
[6, 8] or by a "per iod  of t rans format ion"  [5];  

2) with an inc rease  in the length of s tay in the r e s t ing  state the f i r s t  p r e rep l i ca t i ve  per iod of the cei ls  
when s t imu la t ed  to divide was lengthened [6, 12] ; 

3) the r e s t i n g  s tate  i t se l f  is poss ib ly  "deepened" with t ime and m a y  have di f ferent  levels  [6].  

There  is no informat ion in the l i t e ra tu re  on the effect  of r epea ted  s t imula t ions  on the p r e r ep l i c a t i v e  p e r i -  
od of ce l l s  of the r egene ra t ing  r a t  l iver .  The r e s u l t s  of e x p e r i m e n t s  with f rac t ionat ion of the dose of i r r a d i a -  
tion [4] sugges t  the exis tence  of a per iod of t r ans fo rma t ion  in hepatocytes  when dividing for  the f i r s t  t ime af ter  
par t i a l  hepa tec tomy.  The use of methods of kinet ic  analys is  has  shown that the G1 per iod of the second mitot ic  
cycle  in r epea ted ly  dividing hepatocytes  mus t  be shor t e r  than the f i r s t  p r e r ep l i ca t i ve  per iod [2] .  At tempts  to 
use the curve  of labeled m i t o s e s  to de te rmine  the duration of the G1 per iod in r epea ted ly  dividing ce l l s  have not 
given c l ea r  r e su l t s :  some w o r k e r s  did not find shor tening of the G 1 per iod in the second mitot ic  cycle  [13], 
o thers  found that the second wave of labeled m i t o s e s  was "discontinuous" and it was difficult  to de te rmine  f r o m  
it  whether  or not the G 1 per iod was changed [ 3]. 

The object  of the p r e s en t  invest igat ion was to study the effect  of r epea ted  s t imulat ion on the duration of 
passage  through the p re rep l i ca t ive  period by r egene ra t i ng  r a t  l iver  ce i l s  and to de te rmine  the durat ion of the 
G i per iod of ce l l s  dividing r epea ted ly  af ter  a single r e sec t ion  of the l iver .  

EXPERIMENTAL METHOD 

Experiments were carried out on noninbred male albino rats weighing 160.,180 g. The first partial 
hepatectomy (PHE I), to the extent of 70%,was performedby the usual method. Cells stimulated to divide by 
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PHE 1 will be desc r ibed  as p r i m a r i l y  s t imulated.  At the second operat ion (PHE 2) the r ight  l a t e ra l  lobe, ac -  
counting for  4770 of the weight of the l iver  r ema in ing  af ter  PHE, 1, was r emoved .  PHE 2 was p e r f o r m e d  at an 
in te rva l  of 2, 3, 4, or 5 days  af ter  PHE 1. The an imals  were  ki l led 20 h (8-20 r a t s  at this time) and 24 h (6-14 
r a t s  at this time) af ter  PHE 2 (at 8 a .m.) .  The second operat ion p e r f o r m e d  on an imals  of the second group at  
the same t imes  was a mock  operat ion (8-16 r a t s  at each  t ime),  and these an imals  were  ki l led s imul taneous ly  
with those undergoing PHE 2. The r a t s  of the third group were  subjected to PHE 1 only, but were  ki l led at  dif-  
f e r en t  t imes  af ter  the operat ion (2-5 days  + 20-24 h) s inlul taneously with those undergoing PHE 2. The level  of 
mi to t ic  act ivi ty (MI) was de te rmined  by counting 4000-6000 ce i l s  in each r a t  and was e x p r e s s e d  in promil le~ 
To de te rmine  the durat ion of the mi to t ic  cycle of ce i l s  dividing r epea ted ly  af ter  PHE 1, [3H]thymidine was in- 
j e c t ed  (0.15-0.2 ~ C i / g  body weight) into the an imals  20 h af ter  the operat ion,  and the an imals  were  kil led at 
2 -hour ly  in te rva l s  for  30 h (three r a t s  at each t ime).  

His to logical  sec t ions  of the l iver  were  coated with type M liquid emuls ion  and exposed for  1.5 months .  
The propor t ion  of labeled m i t o s e s  (in 70) was de te rmined  by counting 50 m i t o s e s  in each  ra t .  

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

The changes in MI 20 and 24 h af ter  PHE 2 and the mock  repea ted  operat ion,  p e r f o r m e d  at  d i f ferent  i n t e r -  
vals  a f ter  PHE 1, a re  given in Table  1. 

As Table  1 shows, 20 h af ter  r epea ted  s t imulat ion,  applied 2 and 3 days  af ter  PHE 1, a high level  of m i -  
totic act ivi ty  was observed;  it was much higher  than MI in an imals  undergoing the mock operat ion (in both 
c a s e s  P < 0.001) and a lso  than MI af ter  PHE 1. 

PHE 2 was not only an additional s t imulus  to divide, but also acted as a s t r e s s o r  on the p r i m a r i l y  stimu-- 
lated cel ls ,  which were  sti l l  suff iciently numerous  in the r egene ra t i ng  r a t  l iver  2-3 days  af ter  PHE 1. An addi-  
t ional e x p e r i m e n t  showed that PHE 2 and the mock r epea ted  operat ion (3 days af ter  PHE 1) inhibited ce i l s  in 
the G 1 per iod equally: 15 h af ter  the p rocedure  the mi to t ic  act ivi ty in both ca se s  was equally depressed :  0.4 ~" 
0.3%0 and 0.9 ~= 0.5%0 r e s p e c t i v e l y  (MI in the control  was 6.1 :~ 2.1%0). After r e m o v a l  of the inhibi tory action of 
s t r e s s ,  the equal  number  of ce l l s  held up as a r e s u l t  of it  in the G 1 per iod m u s t  then have divided both in the 
case  of PHE 2 and af ter  the mock  r epea ted  operat ion.  Consequently,  the d i f ference  in MI 20 h af ter  PHE 2 and 
af ter  the mock  repea ted  operat ion (Table 1) c h a r a c t e r i z e d  division of the secondar i ly  s t imula ted  cel ls ,  which 
pas sed  through the mi to t ic  cycle in the m i n i m a l  t ime (for r a t s  weighing 160-180 g), i .e. ,  in 20 h. 

The total  durat ion of (S + G 2 + 1/2M ) per iods  was de te rmined  for  ce i l s  dividing 20 h af ter  PHE 2, p e r -  
f o rmed  3 days  af ter  PHE 1. Fo r  this p u r p o s e ,  [3H] thymidine was injected into the an ima l s  14, 12, 10, and 9 h 
before  sac r i f i ce .  It  was found that the secondar i ly  s t imulated cel ls  passed  through (S + G 2 + I/2M) in about 10 h. 
Consequently,  the p re rep l i ca t ive  per iod in these ce l l s  accounted for  approx imate ly  9-10 h. 

In another e x p e r i m e n t  the mitot ic  cycle  of ce l l s  dividing repea ted ly  af ter  a single s t imulat ion of division 
was de te rmined .  To plot the curve of labeled m i t o s e s  [3H]thymidine was injected into the an imals  20 h af ter  
PHE 1, and the an imals  were  subsequently ki l led e v e r y  2 h for  30 h. The durat ion of the mitot ic  cycle was de-  
t e rmined  f r o m  the t ime in te rva ls  between the s y m m e t r i c a l  points on the ascending l imbs  of the curve  of labeled 
mi to se s .  As Fig.  1 shows, the mitot ic  cycle of the r epea t ed ly  dividing ce l l s  was  about 19.5 h and they passed  
through the G 1 per iod in 9-10 h. Consequently,  the p re rep l i ca t ive  per iod of ce l l s  dividing r epea ted ly  a f te r  
PHE 1 had the same min ima l  duration as in ce l l s  s t imula ted  to divide secondar i ly .  After  a 70% PHE, DNA 
synthes is  in the cel ls  of the r egene ra t ing  l iver  of r a t s  (weighing 160-180 g) is known not to begin until a f t e r  at 
l eas t  12-14 h. MI 20 h af ter  a 5070 or 7070 PHE r ema ined  (in the p r e s e n t  exper iments )  at a ve ry  low level:  
0.7 �9 0 .6~0and0.5~0.3~0 re spec t ive ly .  As the r e su l t s  given show, 20 h a f t e r  r epea t ed  s t imulat ion,  e s -  
pecial ly  af ter  an in te rva l  of 2 days,  a high propor t ion of the secondar i ly  s t imula ted  cel ls  had divided (Table 1). 
Consequently,  shor tening of the p re rep l i ca t i ve  per iod in these ce l l s  compa red  with the f i r s t p r e r e p l i e a t i v e p e r i -  
od a f t e r  PHE 1 is a possibi l i ty .  In cel ls  dividing r epea ted ly  af ter  p r i m a r y  s t imulat ion the durat ion of the G! 
per iod of the second mi to t ic  cycle  a lso  was sho r t e r  than their  f i r s t  p r e r ep l i ca t i ve  period.  Data  in the l i t e ra tu re  
[4] sugges t  that ce l l s  with the min ima l  durat ion of the G 1 per iod do not pass  through a per iod of t r ans fo rma t ion  
on : recommenc ing  the mi to t ic  cycle .  These  r e s u l t s  agree  with the obse rved  ef fec t  of r epea t ed  s t imulat ion of 
division on the p re rep l i ca t ive  per iod in sa l iva ry  gland and kidney ce i l s  [7, 9-11, 14, 15]. 

I t  can be concluded f r o m  the r e s u l t s  in Table  1 that with an i nc r ea se  in the per iod between consecut ive  
s t imula t ions  of division in the r egene ra t i ng  r a t  l iver  the absolute number  of secondar i ly  s t imula ted  cei ls ,  which 
pass  through the mi to t ic  cycle in the min ima l  t ime,  is  reduced .  This  fac t  can evident ly  be explained as  follows. 
By the end of the second day of r egenera t ion ,  the re  a re  m a n y  ce l l s  in the r a t  l iver  which have jus t  divided, and 
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Fig.  1. Changes in percentage  of labeled mi toses  in r egene ra t ing  l iver  
o f  r a t s  at d i f ferent  t imes after  injection of [3H] thymidine af ter  70% pa r -  
tial hepatec tomy.  Abscissa ,  t ime (in h) af ter  injection of [~H] thymidine; 
ordinate,  percentage of labeled mi toses .  

of this number  some can divide a second time [1] whereas  the r e s t  pass into a r e s t ing  state.  Repeated (after 
2 days) st imulation of division compels  these cel ls  to emerge  f rom the res t ing  state into the mitot ic  cycle,  
which they complete in the minimal  t ime. 

With an increase  in the period of r egenera t ion  m o re  and more  cel ls  which have passed into the res t ing  
state accumulate  in the l iver .  The res t ing  state for  mos t  hepatocytes  is evidently so prolonged that if s t imula-  
tion of division is repea ted  af ter  4-5 days only a ve ry  small  proport ion of them can pass through the mitotic 
cycle in the minimal  t ime. It is also possible that the r e s t ing  state in the r egenera t ing  l iver is variable and 
changes (deepens) with time, as has been shown for other cel ls  [6, 11]. After repea ted  st imulation of r e g e n e r -  
ating r a t  l iver  cel ls  they evidently pass f rom the state of r e la t ive ly  prolonged r e s t  through a per iod of t r ans -  
format ion.  If the period between the two consecut ive st imulat ions of division is increased,  the prerep l ica t ive  
per iod of the secondar i ly  s t imulated cel ls  is therefore  lengthened. A s imi la r  change in the duration of the p re -  
rep l ica t ive  per iod has also been observed for  sa l ivary  gland cel ls  [11].  
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