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Changes in the feeding t ime and light conditions influence fluctuations in the number  of b inuclear  
ce l l s  in the rat  l iver during the 24 h. An increase  in mitotic ac t iv i ty  is accompanied  by a dec rease  in num-  
be r  of binuelear  ce l l s ,  and vice versa .  

Mitotic per iodici ty  in the l iver  is the subject  of an extensive l i t e ra ture  [1, 3, 5, 8]. Data concerning 
c i rcadian periodicity of the rat io between the numbers  of binuclear  cel ls  and mi toses  in the l iver  are  few 
in number  andconfl ic t ing in nature [4, 6, 9]. One reason for the d i sc repancy  in the resul ts  obtained, in 
our  opinion, is fai lure to:pay adequate attention to conditions under which the ~xperimental  animals  a re  
kept. 

I n  the present  investigation the c i rcadian periodicity of mitoses  and b inuc lear  cells  was studied 
under normal conditions and during changes in conditions of feeding and lighting. 

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

Three se r i e s  of experiments  were ca r r i ed  out on albino rats  aged 2-2.5 months.  In the exper i -  
ments  of ser ies  I and II the animals were kept under natural conditions of a l ternat ion of day and night. 
F o r  one month the animals  of ser ies  I received food at 7 A.M. and those of s e r i e s  iI at 7 P.M. In the 
experiments  of se r i e s  III the animals were kept for  3 months in complete  da rkness  during dayt ime 
(7 A.M.-7 P.M.), and in ar t i f ical  lighting at night (7 P.M.-7 A.M.); as in s e r i e s  I the animals  were fed 
at  7 A.M. In all the experiments  the animals received the same diet ad lib. Rats  were  sacr i f iced  in 
groups  of 5 or  6 animals  every  4 h (at 3, 7, and 11 A.M~ and 3, 7, and 11 PZ~I.). 

Mitoses and b iauclear  cells were counted in sections (5/~ ) under the b inocular  mic roscope  (ocular 
10, objective 90). The indices were calculated in promile .  Statistical ana lys is  of the numerical  resul ts  
was  ca r r i ed  out by the Fisher-Student  method. 

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

The experimental  resul ts  showed that both mitotic activity and the number  of b inuclear  cel ls  in the 
l iver  varies  regular ly  during the 24-h period (Fig. 1). When the animals  w e r e  fed at 7 A.M., the curve  of 
c i rcadian periodicity of mitoses  was bimodal. Highest mitotic activity was observed  at 11 A.M., and s o m e -  
what lower at 11 P.M. Soli tary mitoses were found in the l iver at 7 P.M. At 7 A.M. mi toses  were  c o m -  
pletely absent f rom the l iver.  The circadian periodicity of binuclear  cel ls  in the l iver  was also marked by 
two maxima a~d two minima.  The f i rs t  maximum was found at 7 A.M. This was followed by a slight de-  
Grease  in the number of binuclear  cells (11 A.M.). The second maximum was observed  at 3 P.M. The aum-  
b, er  of binuclear cel ls  was least  at night [11 P.M.-3 A.M. (P = 0.008)]: 

With modifications of the feeding t ime of the animals (series II) the cu rve  of c i rcadian  periodici ty of 
mi toses  became unimodal in cha rac te r .  The night maximum (at 11 P.M .) d i sappeared .  The t ime of the 
morning maximum was changed from 11 to 7 A.M. At other t imes of invest igat ion the mitotic act ivi ty 
~a s  very  low. The c i rcadian periodicity of the binuclear cel ls  of the l iver  was also modified. A new maxi -  
m u m  appeared at 11 P.M. The number of binuclear  cells  reached a min imum at 7 A.M. and 7 P.M. Jus t  
as  in the experiments  of se r i e s  I, the number of binuclear  ceils was h ighes t  during the dayt ime (at 11 A.M.-  
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Fig.  1. Ci rcadian  per iodic i ty  in n u m -  
be r  of b iauc lea r  cel ls  (A) and mi toses  
(B) in the r a t  l ive r .  A b s c i s s a ,  t ime 
of day; ord ina te ,  number  of b inuclear  
ce l l s  and mi toses  (in %). 1) feeding 
at  7 A.M.; 2) feeding at 7 P.}I . ;  3) 
feeding at  7 A.M. with r e v e r s a l  of d a y -  
light and da rknes s .  

3 P,~M.). The dif ferences  between maximal  and minimal  values 
of the number  os b inuelear  cei ls  in the l iver  a r e  s ta t i s t ica l ly  
sign_if{cant (P = 0,008). 

In the expe r imen t s  with r eve r s a l  of daylight and d a r k -  
ne s s ,  the mitotic act ivi ty  in the l iver  was ve ry  low. Only 
dur ing the morning (at 11 A.M.) were  so l i t a ry  m i t o s e s  found. 
The  fall in the level  of mitotic act ivi ty of the l i ve r  ce l l s  was 
evidently influenced to some extent by aging of the an imals  
during this long exper iment  (lasting 3 months) .  With r e v e r s a l  
of dayl ight  and da rkness  the c h a r a c t e r  of the c u r v e  of c i rcadian  
per iod ic i ty  of b inuc lear  ce l l s  was modified and became  tmi- 
modal .  After  the morning min imum (at 7 A. \ I . ) ,  the number  of 
binucIear cells gradually increased to reach a maximum at 11 
P.M. followed by a decrease (P = 0.001). 

A change in the lighting conditions thus displaced the 
maximum of the number of binuclear ceils from daytime (ex- 
perLments of series I and II) to nighttime. 

The results demonstrate a definite influence of the condi- 
tions in which the animals are kept on circadian periodicity in 
the number of binuclear cells in the liver I (Fig. 1.). Changing the 
feeding and lighting conditions almost completely altered the 
character of the curves for the number of binuelear cells 
throughout the 24-h period. In this respect the mitotic activity 
of the liver cells was more resistant. In all our experiments 
mitotic activity was higher in the morning, as many investiga- 
tors have observed [1, 3, 5]. 

The r ec ip roca l  r e l a t ionsh ip  between t h e  c i rcad ian  per iodic i ty  of mi toses  and number  of b inuclear  
c e l l s  in the l iver  is notewor thy,  and was m o s t  c l e a r l y  defined in the f i r s t  half of the day.  An inc rease  in 
mitotic act ivi ty  was accompanied  by a co r r e spond ing  d e c r e a s e  in the number  of b inuc lear  ce l l s .  Con- 
v e r s e l y  , minimal  indices of m i t o s e s  coincide with a high level of b inuclear  cel ls  in the l ive r .  The in-  
c r e a s e  in number  of b inuc lear  ce l l s  usual ly follows a r i s e  of mitot ic  act ivi ty,  a l a rge  r i s e  being followed 
by the m o r e  intensive fo rma t ion  of b inuc lear  ce l l s  (ser ies  I). 

Our r e su l t s  showing r ec ip roca l  r e la t ionsh ips  between the number  of b inuc lear  ce i l s  and mi toses  
during the c i rcad ian  per iod ic i ty  a r e  in a g r e e m e n t  with exist ing data: agains t  a background of an e x p e r i -  
mental  i nc rease  in mitot ic  act ivi ty  in the per i tonea l  meso the l ium of mice  produced by blocking the p r e -  
mitotic per iod by adrena l in ,  a s h a r p  d e c r e a s e  in the number  of m i to se s  and a para l le l  i n c r e a s e  in the 
number  of b inuclear  ce i l s  w e r e  obtained [7]. Binuclear  ce l l s  a r e  evidently the functional analog of roche-  
nuclear  polyploid cel ls  [2]. The r ece ip roca l  re la t ionships  between the number  of b inuc lear  ce l l s  and 
mi toses  suggest  that during the 24 h per iod the d e c r e a s e  in physiological  r egenera t ion ,  taking place through 
cell  pro l i fe ra t ion ,  is r ep laced  by r egene ra t ion  of another  type,  mainly an inc rease  in the number  of poly-  
ploid (binuclear) ce l l s ,  on which the inc reased  fuhctional load is thrown. 
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