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Rats  were  compel led  to swimin  a bath  of wa te r  at 28-30~ for  3 h daily for  30 days .  
Groups of an imals  were  sac r i f i ced  a f t e r  swimming 2, 5, 12, 18, 24, and 30 t i m e s .  The 
l ive r  d e c r e a s e d  in weight.  Start ing f r o m  the 12th day and until the end of the expe r imen t  
this d e c r e a s e  was 7-15%. A dec r ea se  in the ploidy of the hepatocyte  nuclei  was  de t e rmined  
by measu r ing  the volume of the nuclei  and by cy tophotometr ic  de te rmina t ion  of the DNA 
content.  The mitot ic  index of the hepatocytes  fel l  but the number  of b inuc lea r  cel ls  r e -  
mained at a high level  throughout the exper imen t .  

Only a few l i ve r  cel ls  of adult an imals  r ep roduce  by mitot ic  division, but by con t r a s t  the n u m b e r  of 
polyploid and b inuclear  cel ls  is cons iderable  [6]. The cell  composit ion,  however,  can va ry  during r e -  
genera t ion  [7], exposure  of the l i ve r  to functional loads [5], deviat ions f r o m  the n o r m a l  diet [2, 8], o r  during 
the act ion of s t r e s s  f ac to r s  [11, 12]. F u r t he r  informat ion  on the c h a r a c t e r  of the re la t ions  between mi to t ic  
act ivi ty,  ploidy, and the occu r r ence  of b inuc lear  cells can be obtained by the cytological  study of the changes 
which take p lace .  

In the invest igat ion desc r ibed  below the ce l lu lar  composi t ion of the l i ve r  was studied in r a t s  com-  
pel led to swim daily for  1 month.  

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

Wis t a r  r a t s  weighing initially 95-100 g were  compel led  to swim in a bath  of wa t e r  at 28~ for  3 h daily 
for  1 month.  Control  and expe r imen ta l  an imals  in g roups  of five were  sac r i f i ced  by decapi ta t ion a t  7 A.M. 
a f t e r  2, 5, 12, 18, 24, and 30 days .  P ieces  of l ive r  were  fixed in Carnoy ' s  fluid and paraf f in  sec t ions  were  
stained with hematoxyl in -eos in .  Under a magnif icat ion of 12 00• 100 nuclei  we re  drawn in each  sec t ion .  
The length (L) and b read th  (B) of the nuclei  w e r e  m e a s u r e d  and the i r  volume calcula ted  in cubic m i c r o n s  
by the equation 

V =--6- L2B" 

Logar i thms  were  obtained of the nuc lea r  vo lumes  and subdivided into c l a s s e s .  The ploidy of the hepato-  
cytes  was de te rmined  f r o m  the volume of the i r  nuclei:  if the loga r i thm of the i r  volume was  2.05 (geomet -  
r i c  mean  112 tt~ the nuclei  were  r ega rded  as diploid, if 2.35 (224 ~t 3) as te t rap lo id ,  and if 2.65 (448 /~3) as  
octaploid.  The volume of the l ive r  cel l  nuclei  is cons idered  to co r r e l a t e  with the i r  ploidy, calcula ted f r o m  
the DNA concentra t ion [9, 10]. However,  for  control  purposes ,  cy tophotometry  of the nuclei  was  c a r r i e d  
out on i m p r e s s i o n s  obtained f r o m  ra t s  sac r i f i ced  a f t e r  swimming for  18 days .  
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T A B L E  1. Weigh t  of L i v e r  (in mg) ,  Mi to t i c  Index (pe r  t housand  
c e i l s ) ,  and  N u m b e r  of B i n u c l e a r  C e i l s  (in p e r c e n t )  in L i v e r  of Con-  
t r o l  and S w i m m i n g  R a t s  (M • m) 

Day of No, of binuctear 
experi- Animals Weight of liver Mitotic index cells 
ment 

2 

5 

12 

18 

24 

30 

Control 
Experimental 
P 
Control 
Experimental 
P 
Control 
Experimental 
P 
Control 
Experimental 
P 
Control 
Experimental 
P 
Control 
Experimental 
P 

5929+-275 
5624+-158 

0,394 
59t7+-155 
5741-+-243 

0,565 
6809+-409 
5822+150 

0,037 
6204"+'182 
5768• 

0,050 
7369+-242 
6543._+_+269 

0,050 
8381+-220 
7346"+'373 

0,043 

1,97+-0,418 
0,10+-+-0,006 

0,002 
1,39+-+'0,327 
0,34+-0,152 

0,017 
1,86• 
0,37• 

0,001 
2,93+-+-0,768 
0,89__+0,123 

0,00t 
3,82-+-0,29l 
2,75+_0,273 

0,027 
2,33+_0,205 
0,59+-0,282 

0,00! 

7,6___0,87 
10,6"+-1,07 

0,059 
7,6+-0,49 
8,5+-0,71 

0,347 
7,4+-0,34 
7,5+-0,89 

0,923 
7,0+-4-0,55 
7,1-4-0,55 

0,923 
7,0• 
5,8+-+-0,35 

0,148 
6,7_0,82 
6,9___0,41 

0,846 

T A B L E  2. N u c l e a r  C o m p o s i t i o n  of  H e p a t o e y t e s  (in p e r c e n t )  of  Con-  
t r o l  and S w i m m i n g  R a t s  

Day of 
experi- 
ment 

5 

12 

18 

30 

Animals 

Control 
Experimental 
Control 
Experimental 

Control 
Experimental 
Control 
Experimental 

Ploidy by nuclear volume 

I 2n 4n 8n 

46 52 1 
54 45 l 
32 53 15 
42 5! 7 
47 51 l 
67 32 0 
34 59 4 
55 43 l 

P X' 

0,5221 

0,1426 

0,0039 

0,0027 

15 

I0 

5 

v-1 

lO 

5 

2 ~ 8 

F i g .  1. N u c l e a r  c o m p o s i t i o n  of  
h e p a t o c y t e s  in c o n t r o l  (above) 
and e x p e r i m e n t a l  (below) r a t s  on 
18th day  of s w i m m i n g .  H o r i z o n -  
t a l  a x i s ,  p l o i d y  of n u c l e i  f r o m  
DNA content ;  v e r t i c a l  a x i s ,  n u m -  
b e r  of n u c l e i  in  p e r c e n t .  

The  i m p r e s s i o n s  w e r e  s t a i n e d  wi th  Sch i f f ' s  r e a g e n t  and p h o t o m e t r i c  
m e a s u r e m e n t s  w e r e  m a d e  on 80-100  n u c l e i  in the  l i v e r  of e a c h  
a n i m a l  wi th  the  M U F - 5  i n s t r u m e n t  in v i s i b l e  l igh t  a t  X = 546 rim. 
F o r  r e f e r e n c e  p u r p o s e s ,  p h o t o m e t r y  was  c a r r i e d  out on s p e r m a -  
t o z o a  and  l y m p h o c y t e s .  B e s i d e s  d e t e r m i n i n g  the v o l u m e  of  the  
nuc l e i ,  the  n u m b e r  of m i t o s e s  in  the  b i n u c l e a r  c e l l s  was  coun ted  
among  a t o t a l  of 10 ,000-12 ,000  c e l l s  in s e c t i o n s  of the  l i v e r .  

EXPERIMENTAL RESULTS 

The  we igh t  of the  l i v e r  of the  s w i m m i n g  r a t s  was  l o w e r  than  
tha t  of the  c o n t r o l s  t h roughou t  the  e x p e r i m e n t ,  the  d i f f e r e n c e  b e -  
c o m i n g  s t a t i s t i c a l l y  s i g n i f i c a n t  on the  12th day  (Tab le  1). M e a s u r e -  
m e n t  of the vo lume  of the  n u c l e i  showed  a d e c r e a s e  in  p l o i d y  of the  
e x p e r i m e n t a l  r a t s :  the  n u m b e r  of t e t r a p l o i d  and  o c t a p l o i d  n u c l e i  
f e l l  wh i l e  the  n u m b e r  of  d ip lo id  r o s e  (Tab le  2). T h e s e  r e s u l t s  w e r e  
c o n f i r m e d  in  the  18 -day  e x p e r i m e n t ,  in  w h i c h  the  p l o i d y  of the  n u -  
c l e i  w a s  d e t e r m i n e d  f r o m  t h e i r  DNA conten t  ( F i g .  1). In the  c o n t r o l  
42.0 4- 2.50% of d ip lo id ,  56.3 4- 2.08% of t e t r a p l o i d ,  and  1.7 4- 0.37% 
of o c t a p l o i d  n u c l e i  w e r e  found. Under  the  in f luence  of s w i m m i n g ,  
the  n u m b e r  of d ip lo id  n u c l e i  r o s e  to  70.8 4- 1.75% (P = 0:000), whi l e  
the  n u m b e r  of t e t r a p l o i d  and o c t a p l o i d  n u c l e i  f e l l  to 28.2 * 1.62% 
(P = 0.000) and 1.0 4- 0.45% (P = 0.347) r e s p e c t i v e l y .  
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Counting the mi toses  showed that the number of mitotically dividing cells was lower in the swimming 
ra t s  than in the control  (Table 1). Meanwhile the number  of binuclear  cells  remained  at its initial level 
throughout the experiment .  

Definite changes thus took place in the composit ion of the hepatocytes .  In all probabil i ty these changes 
were directed toward ensuring maintenance of a high intensity of l iver  function throughout the per iod of 
exposure to exertion. Similar changes in the cell composition, i.e., a decrease  in ploidy of the nuclei ac -  
companied by low l eve l  of mitotic division and a constant number  of binuclear  cells, have been descr ibed  
in the l i tera ture  in mice kept on a diet deficient In vitamin C [8]. 

Unfortunately at the present  level of knowledge it is impossible to elucidate all the details of the 
mechanism of the cell t ransformat ions  observed in the l iver  of the swimming ra t s .  Nevertheless  some 
fac tors  can be d iscerned.  F o r  instance, it is unlikely that the decrease  in ploidy of the nuclei was con- 
nected with death of some of the polyploid cells,  for polyploid cells have been shown to be more  res i s tan t  
than diploid to death. In fasting ra ts ,  for  example, the number of dying cells in the l iver  increased,  but no 
polyploid cells were observed among them [2]. The inhibition of mitotic activity during functional loading 
increases  the number of functioning cells.  Maintenance of the number  of binuclear cells evidently also has 
a definite purpose,  for binuclear  cells, as analogs of polyploid cells, at the same time differ f rom them in 
their  more  active metabol ism as a resul t  of an increase  in the a rea  of nuc leo-cy toplasmic  contact [1]. 

The claim has been made that if a functional load is placed on the l iver the polyploid cells a re  par t ly  
t rans formed  into bInuclear [1, 3], which then divide by cytotomy into mononuclear  diploid cells [2, 4, 8]. 
However, the mater ia l  so far  obtained is insufficient to allow any est imate to be made of the extent of such 
t ransformat ions  in the present  exper iments .  
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