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The circadian periodicity of mitotic activity in the corneal epithelium of sexually mature and im- 
mature rats is the same regardless of sex. In sexually mature females the maximal number of mitoses 
ia the zona glomerulosa, zona fasciculata, and zona reticularis of the adrenal cortex is found in the early 
m.)raing, while in males the maximum in the zona glomerul0sa occurs in the evening or night, and in the 
z ~  fasciculata and zona reticularis in the morning and afternoon. 

A circadian periodicity of cell division has been found in almost all mammalian tissues [i, 3-7, 9, 
I0, 13]. It has also been shown that the character of this circadian periodicity of mitosis can be in- 
flaeaced by the animals' age, and their feeding and lighting conditions [2, 3, 8, 11, 12]. In many investiga- 
tions the need for using animals of both sexes in experiments has been stressed. However, no informa- 
tion is available to indicate possible differences between the character of circadian periodicity of mitotic 
di~-ision in the same tissue from animals of different sexes. 

The object  of the present  investigation was to compare  changes in mitotic index in the corneal  
ep:~helium and adrenal cor tex  during the 24-h period in albino r a t s  of both sexes  and of various ages.  

EXPERI~IENTAL METHOD 

The experiments were performed in spring on the following groups Of rats: young rats of both sexes 
a~ed 30 days, young sexually mature females taken on the 10th day after opening of the vagina (mean 
weight 150 g), adult females (mean weight 200 g), and adult males (mean weight 160-180 g). The animals 
were kept under natural lighting conditions and with free access to food. The corneal epithelium and the 
z~aa glomerulosa, of the adrenal cortex, and the zona fasciculata and zona reticularis of the adrenal cor- 
tex, taken together, were investigated. Total preparations were made from the cornea and serial histologi- 

sections from the adrenal, and these were stained with Carazzi's hematoxylhl. Mitoses were colmted in 
I$,000-20,000 cells of the corneal epithelium, 6000-14,000 cells of the zona glomerulosa, and 5000-27,000 
ceNs of the zona fasciculata and zona reticularis of the adrenal cortex for each animal. The rats were 
killed by decapitation every 3 h during the 24-h period, i0 animals at each time. Statistical analysis of the 
results was carried 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  

Corneal Epithelium. In sexually immature rats aged 30 days the circadian periodicity of mitotic ac- 
ti~.ty in both males and females followed a unimodal curve (Fig. i) with the number of mitoses reaching a 
maximum in the morning and minimum in the evening or night. Slight differences were observed only in 
the |eve[ of mitotic activity: the mean mitotic index for the 24 h was 12.4~ for males but only !0.50/00 
for~females. 

In the experiments on yomng female rats the number of mitoses reached a maximum between 4 and 
10 A.M. (Fig. I) and a minimum at i0 P~NI. The increase in number of mitoses at 7 P.M. is not statisti- 
cally significant. In rats of this age the phases of the sex cycle (estrus, diestrus, metestrus)' had no s!g- 
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Fig. I. Circadian periodicity of 
mitotic activity in corneal epi- 
thelium of rats aged 30 days (1), 
males (2), and females weighing 
150 g (3). 
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Fig.  2. Circadian periodici ty of 
mitotic activity in zona g lomeru -  
losa of adrenal in ra ts  aged 30 
days (1), mates (2), and females  
weighing 150 g (3) and 200 g (4). 
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Fig. 3. Circadian periodicity of 
mitotic activity in zona fascicu- 
lata and zona reticularis of ad- 
renal of rats aged 30 days (1), 
adult males (2), females weigh- 
lag 150 g (3) and 200 g (4). 

aificant effect on the time of occurrence of the maximum or minimum of the number of mitoses in the cor- 
neal epithelium. 

In the sexually mature  male rats the cha rac te r  of the c i rcadian periodici ty of mitosis  was s imi la r  
to that found in the corneal  epithelium of sexually mature  female ra ts :  s tar t ing f rom 10 A.M. the number 
of mitoses fell rapidly to reach a minimum at between 7 and 10 P.M. By 7 A.M. the number of mitoses  
had r isen by a s ta t is t ical ly  significant degree (Fig, 1). The mean mitotic activity for the 24-h period in 
sexually mature  female  and male rats  was 11 and 9.2 %o respect ively .  

Hence, in the cornea l  epithelium of sexually immature  and mature  rats  of both sexes the cha rac te r  
of the curves  for  the c i rcadian  periodicity of mitosis was uniform: the number  of ceil  divisions reached 
a maximum in the morning and a minimum during the evening or  nigh t. In our ea r l i e r  investigations [2, 
ii] we found that the curves of the circadian changes in number of mitoses in the corneal epithelium of rat 
fetuses and young rats aged 1 and 7 days were of a different character. In rats aged !7 days, whose sex 
could not be determined and which had lived another 2 days with the palpebral fissure open at the time of 
sacrifice, the circadian periodicity of mitosis was the same as that found in the present investigation in 
30-day old rats and sexually mature females and males. 

Zona Glomerulosa of the Adrenal. The number of mitoses in the zona glomerulosa of rats aged 30 
days reached a maximum at 1-4 P.M.~ a second and less mXrked increase in the number of mitoses at 
7 A.M. riot being statistically significant (Fig. 2). At 7 P~M. the number of eel[ divisions reached a mini- 
mum. The mean mitotic index for the 24-h period was 3.6 ~ 

In young sexually mature female rats the number of mitoses in the zona glomerulosa was maximal at 
7 AaM. and minimal at i P.M. (Fig. 2). The mean mitotic index for the 24-h period was 0.92 %0. 

In adult male rats a large number of mitoses was observed in the zona glomerulosa at 10 P~I., 
while at other times the mitotic activity was slight (Fig. 2). The mean mitotic index for the 24-h period 
was 0.35 ~ 

Because of these differences in the charac te r  of c i rcadian  periodici ty of cel l  divisions in sexually 
matt[re f ema le  and male ra ts  in the zona gt6merutosa  of the adrenal ,  an additional se r i e s  of experiments 
was ca r r i ed  out on old adult rats: (mean weight 200 g). 

The resul ts  of these experimentS (Fig.  2) showed a significant increase  in the number of mitoses 
in the zona g lomeru losa  at 4 A.M., but the inc rease  ia mitotic index at I P.M. is not significant.  The mean 
mitotic index for  the 24-h period was 0.6%o . The resul ts  of the experiment on young sexually mature  fe -  
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m a l e s ,  indicat ing sex d i f ferences  in the c h a r a c t e r  of c i r c a d i a n  per iodie i~ ;  of the number  of ce l l  d iv is ions  
in the zona g l o m e r u l o s a  of the adrena l  in sexual ly  ma tu re  females  and males  were  thus conf i rmed  once 
m o r e :  whe rea s  in males  the number  of mi toses  reached  a max imum during the evening and night,  in the 
f ema le s  th is  occur red  during the morning hours .  

Zona F a s c i c u l a t a  and Zona R e t i e u l a r i s .  In these  zones of the a d r e na l  of young r a t s  aged 30 d a y s  
tFig .  3) the number  of cel l  d iv is ions  reached  a maximu_m at 1 P .M. ,  the i n c r e a s e  in number  of mi toses  at 
7 AaM. not being s t a t i s t i c a l l y  s igni f icant .  The mean mitot ic  ac t iv i ty  for  the 24-h pe r iod  was 1.1}'00. 

In young sexual ly  ma tu re  female  r a t s  the max ima l  number  of ce l t  d iv i s ions  in the zona f a sc i eu l a t a  
and zona r e t i c u l a r i s  (Fig.  3) was observed  at 1-4 A.M.,  and mitot ic  ac t iv i ty  was min imal  dur ing  the a f t e r -  
noon. The mean mitot ic  act ivi ty  for  the 24-h per iod  was 0.260/00. P h a s e s  of the sex cyc le  ( e s t r u s ,  d ies~ 
t r u s ,  m e t e s t r u s )  had no s ignif icant  effects on the t ime of onset  of t h e m a x i m u m  and min imum of the num-  
b e r  of m i t o s e s .  

In adult  male  r a t s  numerous mi toses  were  obse rved  during the morning  and af ternoon (7 A.M.-1  P.M.), 
r each ing  a min imum in the late  evening and night (4 P . M . - 4 A . M . ) .  The mean mi to t i c  index in this  c o m -  
bined zone fo r  the 24-h per iod  was ve ry  low, n a m e l y  0.06o/00. The c h a r a c t e r  of the c i r c a d i a n  pe r iod ic i t y  
of m i to se s  in the zona fase icu la ta  and zona r e t i c u l a r i s  of the adrenM thus d}ffered in sexuaI[y  m a t u r e  r a t s  
of the two s e x e s .  

In the exper imen t  on older  females  (mean Weight 200 g,  F ig .  3) the r e s u l t s  obtained were  the same  
as  in the expe r imen t  on young s e x u a l l y  ma tu re  f e m a l e s ,  with the only d i f fe rence  that the t ime  of maximal  
mi to t i c  ac t iv i ty  was more  prolonged (from 1 to 10 h). 

In the zona g l o m e r u l o s a  and the combined zona f a sc i eu l a t a  and zona r e t i c u l a r i s  of the adrena l  the 
c i r c a d i a n  pe r iod ic i t y  of m i t o s i s  in sexua l ly  m a t u r e  femaIe  r a t s  thus d i f fe r s  f rom the p e r i o d i c i t y  o b -  
s e r v e d  in m a l e s .  Whereas  in ma les  the number  of m i t o s e s  in the zona g l o m e r u l o s a  r e a c h e s  a maximum 
during the evening and night,  and in the zona f a sc i cu l a t a  and zona r e t i e u l a r i s  in the af te rnoon,  in f e ma le s  
the number  of mi toses  was max ima l  in al l  zones of the ad rena l  c o r t e x  dur ing the morn ing ,  in a g r e e m e n t  
with the t ime  of max imum of the number  of m i t o s e s  found in o ther  t i s s u e s  (4, 5, 7, 12, 13). 

These  observa t ions  indicate  that c i r cad i an  changes in the number  of m i t o s e s  in the adrena l  c o r t e x  
of s exua l ly  ma tu re  female  and male  r a t s  a r e  d i s s i m i l a r ,  while in the co rnea l  epi thel ium they a re  s imi l a ro  
The c h a r a c t e r  of the sex cycle  perhaps  influences the c i r c a d i a n  p e r i o d i c i t y  of mi toses  in the adrenM c o r -  

tex of f ema le  r a t s .  
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