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A c i rcadian rhythm was demonstra ted in the number of cells of the mouse corneal  epithelium synthe-  
sizing DNA, with a maximum between 10 a.m. and 7 p.m. and a minimum between 10 p.m. and 7 a.m. The 
mitotic index reached a maximum at 10 a.m. and a minimum at 10 p.m. 

Few investigations have been ca r r i ed  out to study changes in the circadian rhythm of DNA synthesis  
in mammal ian  t issues .  The number of cells synthesizing DNA has been shown to reach  a maximum during 
the evening, 12-14 b before the mitotic activity in the t issues  reaches  its maximum [12]. More recen t  evi-  
dence has not confirmed the view that the interval between the maximum of DNA synthesis and the maximum 
of mitotic activity is constant. The l a rges t  number of cells synthesizing DNA can be found at different 
t imes of day, and can even coincide in t ime with the maximum of mitotic activity [4, 5, 8, 14]. 

Because of the importance of establishing the principles governing the diurnal changes in cell prol i -  
ferat ion [1] and the need for its p rec i se  determination in o rde r  to establish the ra tes  of renewal of the 
t issues ,  the present  investigation was ca r r i ed  out in o rder  to compare  the charac te r  of the c i rcadian rhythms 
of mi tos is  and of the number of cells synthesizing DNA in the basal  and more  highly differentiated cells of 
the s t ra tum spinosum of the corneal  epithelium in mice.  

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

Exper iments  were ca r r i ed  out on 38 male C57BL mice  pre l iminar i ly  separated into eight groups,  
with four - s ix  mice  in each group. One hour before sacr i f ice  the mice  rece ived  an intraperi toneal  injection 
of thymidine-H 3 with specific activi ty 8.6 C i /mmole  in a dose of 20 /zCi per animal. The animals  were  
sacr i f iced at 10 a.m.,  1, 4~ 7, and 10 p.m., and 1, 4, and 7 a.m. T r a n s v e r s e  sections through the cornea  
were  coated with type ~M ~ (NIIKhimfoto) liquid emulsion. The sections were exposed in a r e f r i ge r a to r  for 
3 months. In each layer ,  3000-5000 nuclei were  examined and the number of labeled nuclei, the number  of 
mi toses  in the s t ra tum basale and s t ra tum spinosum were counted. Degenerating cells in the third (surface) 
layer  were  not counted. The nucleus was regarded  as labeled if it had at leas t  5 s i lver  gra ins  above it. The 
index of labeling of the nuclei, or  radioact ive index (RI), was calculated in percent  and in promil le ,  and the 
mitot ic  index (MI) in promil le  re la t ive  to the total number of cell nuclei in the par t icular  layer .  

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

The resul t s  of determinat ion of the number of labeled nuclei and dividing cells in the cornea1 epithe- 
lium of mice  during the 24 h period a re  given in Figs. 1 and 2. 
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Fig. 1. Changes in number of cells  synthesizing DNA and number 
of mi toses  in s t ra tum basale  of mouse corneal  epithelium during 
the 24 h period. I) Mitotic index; H) radioact ive index. 

Fig. 2. Changes in number  of cells synthesizing DNA and number 
of mi toses  in s t ra tum spinosum of mouse  corneal  epithelium. 
I) Mitotic index; II) radioact ive index. 

Regular  changes occured  in the indices of labeled cells and mi toses  in the corneal  epithelium during 
the 24 h period. The number of labeled nuclei in the s t ra tum basale and s t ra tum spinosum reached a maxi-  
mum at 10 a.m. and a minimum at 10 p.m. (P= 0.015 and 0.11, respect ively) .  In the s t ra tum basale,  RI 
remained  at a high level with only ve ry  slight fluctuations until 7 p.m. after  which the index of labeled cells 
fell considerably.  Analysis  of the changes in the number of labeled cells during the 24 h period showed 
that between 10 a.m. and 7 p.m. a l a rge r  number  of cells  (RI= 44.3~) in the corneal  epithelium passes  
through the stage of DNA synthesis than in the period from t0 p.m. to 7 a.m. (RI= 26.0%). The difference 
between RI values in these t ime intervals  is significant (P= 0.003). A s imi la r  picture was observed  in the 
cells of the s t ra tum spinosum of the corneal  epithelium. The mean value of RI in the period from 10 a.m. 
until 7 p.m. was 10.6~, and in the period f rom 10 p.m. to 7 a.m. 6.4% (P= 0.026). The mean value of RI for 
the 24 h period in the s t ratum basale was 35.47c and in the s t ra tum spinosum 8.5~. Similar  data were ob- 
tained by Scheving and Pare ly  [14], who found a mean RI value of 4.2~c for the 24 h period in the stratum 
basale  of the r a t  corneal  epithelium. According to f igures given by mos t  workers  investigating incorpora-  
tion of thymidine-H 3 into the basal  cells of the corneal  epithelium, the RI value for this t issue is 3-4% [3]. 
The mean value of MI for the s t ratum basale  was 8.1~c, and for the s t ratum spinosum 2.67c. 

The c i rcadian rhythm and absolute values of MI at different t imes of day were identical with those in 
a group of mice  not receiving thymidine-H 3 [6]. 

MI in the s t ratum basale reached its maximum at 10 a.m. and minimum at 10 p.m. (P= 0.006). By 
4 a.m.,  MI had s tar ted to r i se  and by 7 a.m. it was near  its maximum. The number of mi toses  also reached 
a maximum at 10 a.m. in the cells of the s t ra tum spinosum of the corneal  epithelium. MI reached its mini -  
mum at 10 p.m. (for the interval  10 a .m.-10 p.m., P= 0.003). The rat io between the mean  values for the 
24 h period RI /MI for the s t ra tum basale  was 4.4 almost  identical with the value obtained in the corneal  
epithelium of r a t s  [14]. However, this rat io fluctuated at different t imes of day from 2.0 to 24.4 in the s t r a -  
tum basale and f rom 1.4 to 17.4 in the s t ra tum spinosum. Considerable variabi l i ty  in the RI/MI rat io has 
also been demonstrated for other t i ssues  [2]. 

The intensity of labeling, ref lected in the number of s i lver  grains per nucleus, remained  essential ly 
unchanged during the 24 h period. 
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In view of these  resu l t s ,  an a t t empt  was made  to de te rmine  the t ime  of renewal  of cel ls  in the s t ra tum 
basa le  of the cornea l  epithelium. 

Chumak [8] has  shown that the durat ion of the S-phase  in this t i s sue  is 8.5 h. This  f igure  has  been  
conf i rmed by the method of double labeling [11]. Using the equation in [13]: 

n t s 

N T ~ 

where  n is the mean  index of label ing for  the 24 h period,  N the total  number  of cel ls ,  ts the durat ion of 
DNA synthes is ,  the value of T was found to be 240 h, o r  10 days.  Introducing a co r r ec t i on  for  the p r o l i f e r a -  
t ive pool, namely  70~c [7], the value of T= 168 h or  7 days,  was  obtained. This  r e su l t  is c lose  to that  ob-  
tained by de termining  the renewal  t ime  in the mouse  cornea l  epithelium by obse rv ing  the r a t e  of mig ra t ion  
and desquamat ion  of labeled cel ls  [10] and by the use  of a colchicine method [9]. 

I t  is  in te res t ing  to note that the o c c u r r e n c e  of the l a r g e s t  number  of labeled cel ls  in the cornea l  epi-  
thel ium at a different  t ime f rom that  in the epithelium of the lower  su r face  of the tongue in the s a m e  ani -  
m a l s  [5] coincides with the m a x i m u m  of mi to t ic  act ivi ty.  In the lingual epithelium the number  of nuclei 
incorpora t ing  label  was highest  between 7 p .m.  and 7 a .m. ,  with a m a x i m u m  at  4 a .m. The number  of 
labeled nuclei r eached  a min imum during the afternoon. 

In the cornea l  epithelium of r a t s  [14], as  in the p resen t  expe r imen t  on the cornea l  epithel ium of mice  
labeled cel ls  we re  m o s t  numerous  in the morning  and af ternoon and l eas t  numerous  between 10 p.m. and 
1 a .m.  Unlike o ther  invest igat ions [12], m a r k e d  var iab i l i ty  of individual values  of RI was found at all  
t imes  of the investigation.  

On the bas i s  of known evidence that  cel ls  differ  in thei r  pa s sage  through the mi to t ic  cycle  and that  
individual var iab i l i ty  of RI is high, it can be accepted  as a working hypothesis  that the "bur s t "  of DNA syn-  
thes is  can occur  in different  an ima l s  at di f ferent  t imes .  The highest  labeling index at a pa r t i cu la r  t ime  of 
day in this case  will be  due to the o c c u r r e n c e  of high indices for  individual an imals .  Consequently,  the t ime  
when DNA synthes is  r e a c h e s  i t s m a x i m u m  may  differ  in different  groups of an imals .  

These  findings a r e  not in a g r e e m e n t  with the view [7] that d i f ferent ia ted cel ls  in s t ra t i f i ed  squamous  
epi thel ia  a r e  incapable of synthesiz ing DNA. On the con t ra ry ,  the p re sence  of labeled nuc l e i i n the  s t r a tum 
spinosum, the m o r e  highly di f ferent ia ted l aye r  of cel ls  of the cornea l  epi thel ium, is  evidence that  these  
cel ls  can synthes ize  DNA. 

Cells  of the s t r a tum spinosum can thus mult iply in two different  ways: by migra t ion  of ce l l s  f rom the 
s t r a tum basa le  which have doubled the i r  DNA content, and by synthes is  of DNA in ce l l s  of the s t r a t um spino-  
sum i tself .  
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