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An autoradiographic study with [3H]thymidtne showed that the hepatocytes of young sexually 
mature guinea pigs commence  the phase of DNA synthesis  25 h after part ial  hepatectomy. 
Peaks of the number of labeled nuclei were found 30, 45, and 60 h after the operation. Two 
waves of mitoses  were found by counting mitotic f igures in squash prepara t ions :  40 and 55 h 
after hepatectomy. A cytophotometr ic  study of the DNA content showed that pract ical ly  all the 
mononuclear and binuelear hepatocytes contained diploid nuclei 3 and 5 days after the opera -  
tion. By the end of the 7th day of regenera t ion  there were 6% of mononuclear  tetraploid cells.  
The number of btnuclear cells fell during the period of regenera t ion  studied f rom 16 to 8%. It 
is concluded that the principal  cytological  mechanism of liver regenera t ion  in guinea pigs is 
normal  mitosis  terminat ing in separat ion of the ceils.  
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Growth and regenera t ion  of the mammalian  liver are known to take place through increased prol iferat ion 
and polyploidization of the hepatocytes.  

Special attention is now being paid to the study of the cytological mechan isms  of regenera t ion and the 
elucidation of the importance of polyploid cells in the development of these p rocesses .  Experimental  studies 
in this direct ion as a rule have been undertaken on mice and rats ,  whose l iver  is charac te r ized  by" the appear-  
ance of many polyploid hepatocytes during postnatal development [3, 4, 16]. 

The object of this investigation was to study the charac te r  of r egenera t ion  of the liver in animals in 
which physiological growth of the l iver is not accompanied by polyplotdtzation of the parenchymatous cells. 

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

The test  object was the liver of young (weighing 220-250 g) and old (weighing 600-?00 g) male guinea 
pigs. 

The old animals were used to study the ra t io  between cells of different ploidy values at an age when the 
population of polyploid hepatocytes may be maximal.  In the young guinea pigs part ia l  hepateetomy was per -  
formed by the Higgins-Anderson method between 9 and 11 a.m. under ether anesthesia.  The animals were 
killed between 15 and 80 h af ter  the operat ion at intervals  of 5 h; approximately 1 mI of a soltttion of 
[ 3H]thymidine with specific activity of 5 Ci /mmole  diluted with physiological saline was injected in a dose of 
0.5 tzCi/g body weight intraperi toneal ly  1 h before sacr i f ice .  In the experiments  to determine the DNA content, 
the investigation was ca r r i ed  out 5 and 7 days after the operation. 

Three animals were used at each time of the investigation. The exper iments  were car r ied  out in the 
spring and summer .  Fi lms of isolated ceils  were prepared  f rom the liver and fixed in 96~ ethanol for 20 mine 
The films were coated with type M (Photographic Chemical Research  Institute) emulsion and exposed for 
5 days. After  development the films were stained with hematoxylin and the number  of labeled nuclei counted 
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in 1000 ce l l s .  The number  of binuclear  hepatocytes  was counted in f i lms  stained with azure  I I - e o s i n .  F r o m  
3000 to 5000 hepatocytes  were  counted in each of t h ree  to five p r e p a r a t i o n s  f r o m  each animal .  

Fo r  quanti tat ive es t imat ion  of DNA in the nuclei the Feulgen r eac t ion  was c a r r i e d  out (hydrolysis  in 
5 NHCI at 20~ for 20 min followed by staining with Schiff 's  r eagen t  for  1 h at r o o m  t empera tu re ) .  The DNA 
content  in the nucleus was de te rmined  with the Vickers  M-86 scanning cytophotometer .  Lymphocytes  f r o m  the 
pe r iphe ra l  blood or sma l l  lymphocytes  f r o m  a lymph node were  used as the s tandard  diploid cel ls .  

The number  of mi tot ica l ly  dividing ce l l s  was counted in squash p repa ra t ions .  P ieces  of l iver  were  fixed 
in a mixture  of 90~ ethanol and glacia l  acet ic  acid (3:1) for 40 min, then t r a n s f e r r e d  to 96~c ethanol, a f te r  
which the squash p r epa ra t i ons  were  made and stained with ca rmine .  To de te rmine  the number  of mi to ses  
5000-6000 hepatocytes  f r o m  each animal  were  examined and the number  of mi to ses  per  1000 cei ls  calcula ted 
(mitotic index). 

Mater ia l  was taken f rom the s ame  animal  for obtaining spec imens  for counting the number  of mi toses  
and the number  of labeled nuclei.  

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

No data  could be found in the l i t e ra tu re  on the p a r a m e t e r s  of the mitot ic  cycle and the duration of the 
p re rep l i ca t ive  per iod of guinea pig hepatocytes  during r egene ra t ion  of the l iver  in r e sponse  to par t i a l  hepatec-  
tomy. Such informat ion  is e s sen t i a l  for choosing the t imes  to study possible  polyploidization of the p a r e n c h y m a  
of the r egene ra t ing  l iver .  It was a lso  hoped that the expe r imen t s  would show why the weight of the l iver  of 
young guinea pigs,  unlike that of other m a m m a l s ,  is r e s t o r e d  to only 68% of the or iginal  weight by the end of 
the f i r s t  week af ter  the opera t ion [7].  

The curve  of the number  of labeled nuclei during the f i r s t  80 h af ter  hepatec tomy is shown in Fig.  1. An 
inc rease  in the number  of labeled ce l l s  was obse rved  30 h (93 ~ 45h (170 ~ , and 60h (82 ~ a f t e r  the o p e r a -  
tion. The reduct ion in the number  of labeled ce l l s  af ter  the f i r s t  peak was not significant.  The curve  r e f l e c t -  
ing the changes in the number  of mi tot ica l ly  dividing hepatocytes  had two peaks,  at 40 h (75 ~ and 55 h (76 ~ 
80 h af ter  the operat ion a tendency was again observed  for mitot ic  act ivi ty to r i s e .  

Mass  c o m m e n c e m e n t  of the phase of DNA synthes is  by hepatocytes  dur ing r egene ra t ion  of the l iver  is 
known to occur  18-24 h i n ' r a t s  and 28-36 h in mice af ter  hepatec tomy;  two waves  of mi toses  are  found in the 
r e g e n e r a t i n g  l iver  of these animals :  in r a t s  af ter  26-30 h and 45-48 h; in mice af ter  44-48 h and 68-72 h 
[1, 2, 6, 11, 13, 15]. Hence, the c o m m e n c e m e n t  of the S per iod and mi tos i s  in guinea pigs occurs  at about the 

same  t imes  as in mice .  

The e x p e r i m e n t s  showed (Fig. 1) that polyploid hepatocytes  cannot be expected to appear  sooner  than 60 h 
af ter  the operat ion,  i .e.,  a f te r  the end of the main wave of mitot ic  divis ions of the hepatocytes .  Accordingly 
the cy tophotomet r ic  study of the DNA content in guinea pig hepatocytes  was ca r r i ed  out 5 and 7 days af ter  

he pate c tomy.  
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Fig. i .  Changes in number  of labeled nuclei and mitot ica l ly  d i -  
viding hepatocytes  in r egene ra t ing  guinea pig l iver .  Ordinate,  
number  of labeled nuclei (I) and number  of mi toses  (2) (tn~ 
absc i s sa ,  t ime a f te r  par t i a l  hepateetomy (in h). 
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TABLE 1. Body Weight and Weight of L iver  
of Norma l  Guinea Pigs (control  group) and 
Guinea Pigs  7 Days a f t e r  Pa r t i a l  Hepatec-  
tomy (exper imenta l  group) 

Group of 
animals 

Control 
Experimental 

Z 

" of regen- 
~ ~ ~ ~ crating 

- [liver, % 

"~ ~ '~ ;~ of control 
~ ;~ ~ 6  liver 

251+7,1 11,6+0,2 
22s+_-5,4 s,4_~0,~ 

4,51 
3,7 82 

The r e s u l t s  of the m e a s u r e m e n t s  showed that te t raploid  mononuclear  hepatocytes  in the intact l iver  of 
young sexual ly ma tu re  guinea pigs account  for 0.5%, and in old guinea pigs not more  than 2%, of the total cell  
population. These  f igures  are  in a g r e e m e n t  with information in the l i t e ra tu re  according to which mononuclear  
polyploid hepatocytes  a re  absent  in the guinea pig l iver  [12] or account for only 1-2% of its cel ls  [7].  

During the course  of r egenera t ion ,  on the 5th to 7th days a f t e r p a r t i a l  hepa tec tomy 6% of tetraploid mono-  
nuclear  hepatocytes  was found in the l i v e r  of the exper imen ta l  animals .  

The counting showed that about 16% of the ce l l s  in the l iver  of intact  guinea pigs weighing 220-250 g are  
b inuclear .  The number  of b inuclear  cel ls  af ter  hepatec tomy initially inc reased  up to 20% (after 25 h), but then 
(after 80 h) fell to 8%; consequently,  it fell  below its initial level. 

Toward  the end of the 7th day af ter  hepatec tomy the number of polyploid cel ls  (mono- and binuclear) in 
the guinea pig l iver  thus r ema ined  v i r tua l ly  unchanged. Meanwhile, the number  of polyploid cel ls  in the r e -  
genera t ing  r a t  l iver  is known to inc rease  by 15-30% by the end of the f i r s t  week af ter  hepatectomy [8], whereas  
in mice nea r ly  all the pa renchymatous  ce l l s  of the l iver  become polyploid [10].  In both spec ies  of animals  
ce l l s  of higher Classes  of ploidy (16N and 32N), not p re sen t  in intact an imals ,  begin to appear .  

The max imal  number  of mi to ses  found in the r egenera t ing  guinea pig l iver  was 7.6%, r a the r  more  than 
the max ima l  mitot ic  index {5-6%) for the l iver  of mice and r a t s  [5, 9, 14, 15].  De te rmina t ion  of the weight of 
the l iver  (Table 1) showed that by the 7th day af ter  the operat ion the weight of the l iver  of the exper imenta l  
an imals  (body weight 220-250 g) was r e s t o r e d  up to about 82% of its initial value. 

It can be concluded f r o m  these r e s u l t s  that the pr incipal  cytological  m e c h a n i s m  of r egenera t ion  of the 
l iver  in guinea pigs is no rm a l  mi tos i s ,  t e rmina t ing  in cell  division. The sma l l  inc rease  in the number  of 
mononuclear  te t raplotd  hepatocytes  (0.5-6%) by the 7th day af ter  the operat ion cannot significantly affect  the 
course  of r egenera t ion .  A s imi l a r  conclusion was reached  by inves t iga tors  who studied r egene ra t ion  in the 
l iver  of sexual ly  i m m a t u re  guinea pigs [7].  

It is difficult  to unders tand at p r e sen t  why, during physiological  growth and r e p a r a t i v e  regenera t ion ,  
mitot ic  divis ion of cel ls  in the same  organ but of d i f ferent  spec ies  of m a m m a l s  should end e i ther  in division of 
the nucleus and cy top lasm or in union of the daughter  c h r o m o s o m e s  with the fo rmat ion  of a polyploid cell.  
Fu r the r  expe r imen ta l  invest igat ions a re  n e c e s s a r y  in order  to shed light on this fundamental  p rob lem concern-  
[ng the cause  of fo rmat ion  of polyploid somat ic  ce l l s .  
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E F F E C T  OF R E G E N E R A T I O N  OF T H E  S P L E E N  

U N D E R  D I F F E R E N T  C O N D I T I O N S  ON I T S  

M E G A K A R Y O C Y T E S  IN A L B I N O  R A T S  

A.  A.  M e z h l u m y a n  UDC 616.411-008.953.8-091-092.9 

Megakaryocy tes  are  found in the intact  r a t  spleen in var ious  fo rms :  with a r ing - shaped  nucleus 
and as la rge  mul t inuclear  cel ls .  The m e g a k a r y o c y t e s  divide by the fo rmat ion  of mul t ipolar  m i -  
toses  without subsequent  cytotomy. During r egene ra t ion  the number  of megaka ryocy te s  and 
their  mitot ic  act ivi ty inc reased  sharply .  Gravi ta t ional  over loading increased  the number  of 
m e g a k a r y o c y t e s  and their  mitot ic  act ivi ty even more .  Adminis t ra t ion  of splenic ex t r ac t  in ad-  
dition to gravi ta t ional  overloading reduced the number  of megaka ryocy te s  in the r egenera t ing  
spleen but inc reased  their  mitot ic  act ivi ty.  Under conditions of hypokinesia  the number  of 
m e g a k a r y o c y t e s  ifl the r egenera t ing  spleen fell sharp ly  and no mi toses  were  observed  in them. 

KEY WORDS: megaka ryocy te s ;  r egene ra t ion  of the spleen;  gravi ta t ional  overloading;  hypo- 
k ines ia .  

The re  is only l imited information in the l i t e ra tu re  on the morphologica l  and functional c h a r a c t e r i s t i c s  of 
the m e g a k a r y o c y t e s  of the spleen.  Some worke r s  [21 s tate  that in Werlhot ~ s d i sease  marked  megaka ry o cy to -  
po ies i s  is observed  but thrombus format ion  is dep re s sed .  In another  r e p o r t  [1] a case  of megaka ryocy themia  
is desc r ibed  in which the platelet  count in the pe r iphe ra l  blood r ema ined  fa i r ly  high. Data  has been obtained 
[ 8] on the ro le  of the spleen, the organ control l ing the content of thrombosthenin,  which s t imula tes  m e g a k a r y o -  
cytopoies is .  Information has a lso  been published [ 5, 7] on the morphology of the megaka ryocy te s .  No un- 
equivocal  solution has been found to the p rob lem of the origin of the megaka ryocy te s .  

Some work e r s  consider  that m egaka ryo cy t e s  a r i s e  as a r e s u l t  of fusion of s eve ra l  r e t i cu lum cells ,  and 
that lymphocytes  and immatu re  p l a s m a  ce l l s  a re  a lso  involved in the p r o c e s s  [6] .  Other worke r s  [ 9J have 
s ta ted that the p r e c u r s o r s  of the megaka ryocy te s  are  large basophil ic  cel ls .  

On the question of the method of division of the megaka ryocy te s  it has hi ther to  been cons idered  [3] that 
mul t ipolar  mi to ses  are  c h a r a c t e r i s t i c  of these ce l l s  and are  more  frequently found under expe r imen ta l  condi-  
t ions.  Informat ion on the morphologica l  c h a r a c t e r i s t i c s  of the splenic megaka ryocy te s  under di f ferent  e x p e r i -  
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