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A diurnal  rhy thm of mi tos i s  was found in the s t r a t u m  basale  and s t r a t u m  spinosum of the 
corneal  and esophageal  epi thel ium in mice .  A diurnal rhy thm of DNA synthes is  was found 
in the esophageal  epi thel ium. Pro l i fe ra t ive  abili ty is sharply  reduced in the s t r a tum spinosum. 

The ability of cel ls  to divide by mi tos i s  is de te rmined  not only by the effect  of fac tors  such as ho r -  
mones ,  metabol i t es ,  e tc . ,  on cell  reproduct ion  but a lso  to a la rge  extent by the specif ic  f ea tu res  of i n t r a -  
ce l lu lar  metabo l i sm.  It is t he re fo re  impor tant  to study the division of cel ls  in the course  of the i r  develop-  
ment  and differentiat ion,  which a re  accompanied  by modif icat ions of cell  me tabo l i sm.  

The object of the p re sen t  invest igat ion was to study mitot ic  act ivi ty in the cel ls  of the s t r a t u m  basale  
and s t r a tum spinosum of the corneal  epi thel ium of r a t s  and the esophageal  epi thel ium of mice .  The ability 
of cel ls  of the s t r a t um  basale  and s t r a t u m  spinosum of the esophageal  epi thel ium of mice  to synthesize 
DNA also was invest igated.  

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

In the expe r imen t s  of s e r i e s  I the intensi ty of cell  reproduct ion in the s t r a t u m  basale  and s t r a t u m  
spinosum of the cornea l  epi thel ium was de te rmined  by calculat ing the mitot ic  index (MI: MI 1 and MI 2 r e -  

spect ively ,  inpro  mille) in 68 male  albino r a t s  (mean weight 115 g). 
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Fig. 1. Changes in mitot ic  
activity during the 24-h per iod 
inthe corneal  epi thel ium of 
albino ra t s .  Here  and in Figs.  
2 and 3: MI 1) mitot ic  act ivi ty 
of cel ls  of s t r a tum basale ;  MI 2) 
mitot ic  index of ce l l s  of 
s t r a tum spinosum. 

For  this purpose ,  between 20,000 and 25,000 ce l l s  in sect ions of the 
cornea  were  examined in each  case .  The r a t s  were  sac r i f i ced  at dif-  
ferent  t imes  of day: 10 A.M., 1, 4, 7, and 10 P.M.,  and 1, 4, and 7 A.M.; 
8 or  9 an imals  were  sac r i f i ced  at each  t ime of the exper iment .  

In the expe r imen t s  of s e r i e s  I I  MI was de te rmined  (inpro mille) 
in the s t r a t um basale  (MI l) and s t r a t um spinosum (MI 2) of the esopha-  
geal  epi thel ium of 40 male C57B1 mice  (mean weight 22 g; group 1) and 
40 noninbred male  albino mice  (mean weight 25 g; group 2). F rom20,000  
to 25,000 cells  in sect ions of the esophagus f r o m  each animal  were  
examined.  The an imals  of group 1 were  sac r i f i ced  at 10 A.M., 1, 4, 
7, and 10 P.M.,  and 1, 4, and 7 A.M., the an ima l s  of group 2 at 11 A.M., 
2, 5, 8, and 11 P.M.,  and 2, 5, and 8 A.M.; 5 mice were  studied at each  
t ime.  

In the expe r imen t s  of s e r i e s  III the values  of MI 1 and MI 2 and the 
labeling index were  calcula ted for  cel ls  of the s t r a t u m  basa le  and s t r a -  
t um spinosum (LI l and LI  2 r e spec t ive ly ,  inpro  mille) of the esophageal  
epi thel ium in 32 male  C57B1 mice  (mean weight 20 g) a f te r  inspection 
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Fig. 2. Changes in mitotic activity during 24-h period in esophageal 
epithelium of C57B1 mice (A) and noninbred albino mice (B). 

Fig. 3. Changes in mitotic activity and labeling index during 24-h period 
in cells  of s t ra tum basale (A) and s t ra tum spinosum (B) of esophageal 
epithelium of C57B1 mouse.  LI 1) labeling index of cells of s t r a tumbasa le ,  
LI 2) labeling index of cells  of s t ra tum spinosum. 

of between 20,000 and 25,000 cells in each case.  These animals were sacr i f iced  at different t imes  of day 
(10 A.M., 1, 4, 7, and 10 P.M., 1, 4, and 7 A.M.) and 1 h before sacr i f ice  they received a single in t raper i -  
toneal injection of thymidine-H 3 in a dose of 1 #Ci /g  body weight (specific activity 8.6 Ci/mmole) .  Four  
animals were used at each t ime of the experiment.  Cell nuclei were taken as labeled if not less  than 5 
grains of s i lver  were found above them on the autoradiograph (NIKFI type R emulsion, exposure 180 days). 

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

In the cells  of the s t ra tum basale and s t ra tum spinosum of the rat  cornea mitotic activity var ied  with 
the t ime of day (Fig. 1). In the s t ra tum basale the la rges t  number of mitoses  was observed between 1 A.M. 
and 1 P.M. and the smal les t  number between 4 and 10 P.M. (P =0.012-0.05). The number  of mitoses  in the 
s t ra tum spinosum was g rea tes t  between 4 A.M. and 1 P.M. and smal les t  between 4 and 10 P.M. (P =0.048- 
0.05). The mean diurnal MI 1 was twice as high as the mean diurnal MI 2 (5.9 and 2.4 0/00 respect ively ,  P < 
0.0001). These resul ts  indicate the existence of diurnal rhythms of mitosis  in the s t ra tum basale and s t r a -  
tum spinosum of the rat  corneal  epi thel ium which cor respond graphically to unimodal curves.  Invest iga-  
tions by other workers  (1-3, 5-10] have shown that mitotic activity in the rat  corneal  epithelium is intensi-  
fied in the second half of the night and morning and is weaker  in the evening and f i rs t  half of the night. The 
present  resul ts  show that the period of increased  mitotic activity is prolonged (12 h), suggesting that the 
fac tors  acting on the cells  to synchronize the beginning of their  mitosis  do not act simultaneously.  It is 
interest ing to note that at the t imes  when MI 1 in the s t ra tum basale was increased,  there was a cor respond-  
ing increase  in the number  of mitoses  whose axes were directed perpendicular ly to the basement  m e m -  
brane (54-58% in the period f rom 4 P.M. to 4 A.M. and 64-72% in the period f rom 7 A.M. to 1 P.M.). The 
cells of the s t ra tum spinosum of the corneal  epithelium show much weaker  mitotic activity, presumably 
because of their  t r ans fe r  f rom the basement  membrane  to a different cell  system, with the accompanying 
development of differentiation and its result ing effects on the mitotic cycle of the cell .  

The highest number of mitoses  in the basal  cells of the esophageal epithelium of C57B1 mice (Fig. 2A) 
was observed between 10 P.M. and 10 A.M. (maximum at 4 A.M.), and substantially fewer mitoses  were 
found between 1 and 7 P.M. (P=0.0001-0.036).  Similar changes in mitotic activity during the 24-h per iod 
also occur red  in the cells of the s t ra tum spinosum. The mean diurnal MI 1 was 5.5 t imes g rea te r  than the 
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mean diurnal MI 2 (11.7 and 2.1 a/00 respect ively,  P=0.001).  In noninbred mice (Fig. 2B) the maximum mi-  
totic activity in the basal  cells of the esophageal epithelium occur red  between 8 P.M. and 5 A.M. (maximum 
at 2 A.M.), and fewer mitoses  in this case were observed between 8 A.M. and 5 P.M. (P=0.0001-0.02).  An 
increase in the number of mitoses  in the cells of the s t ra tum spinosum was observed at 2 and 5 A.M., while 
at other t imes  the mitotic activity of these cells was low (P =0.004-0.02). The mean diurnal MI i was 6.2 
t imes g rea te r  than the mean diurnal MI 2 (5.1 and 0.8 %o respectively,  P<  0.0001). 

Both in the s t ra tum basale and s t ra tum spinosum of the esophageal epithelium of the mice diurnal 
r h y t ~ s  of mitosis  corresponding graphically to unimodal curves  were therefore  observed.  The dynamics 
of changes in the number  of mi toses  was s imi la r  in ~he two layers  of cel ls ,  although in the mice of group 2 
the increase  in MI 2 occupied a shor ter  t ime than that in MIi, and the increase  in MI 2 occur red  6 h la te r  than 
the increase  in MI 1, It is stated in the l i terature  [2, 4, 15] that an increase  in the number of mitoses  in 
the esophageal epithelium of mice takes place during the morning. The present  investigation showed that 
the increase in mitotic activity in the esophageal epithelium may occur  for a long t ime and it may still be 
found in the evening. Just as in the corneal  epithelium, the differentiating cells of the s t ra tum spinosum 
in the esophagus are charac te r i zed  by a considerably diminished mitotic activity. 

The resul ts  of the experiments  of ser ies  IH show an increase  in the number of mitoses in the s t ra tum 
basale (Fig. 3A) of the esophageal epithelium between 4 A.M. and 1 P.M. compared  with the values of MI 1 
f rom 4 P.M. to 1 A.M. (P=0.0001-0.018).  The number  of cells labeled with thymidine-H ~ in the s t ra tum 
basale is higher between 4 P.M. and i A.M. than at other t imes of day (P =0.022-0.044). The number of 
mitoses in the s t ra tum spinosum (Fig. 3B) reached a maximum between 4 and 10 A.M., while the number  
of labeled cells  was increased  between 4 and 10 P.M., and again between 7 and 10 A.M. The mean diurnal 
MI 1 was 7.9 t imes  g rea t e r  than the mean diurnal MI 2 (5.8 and 0.7 0/00 respect ively,  P<0.0001}, while the 
mean diurnal LI 1 was 8.4 t imes  g rea te r  than the mean diurnal LI 2 (8.4 and 1 0/00 respect ively,  P<0.0001).  
The rat io between the values of LI and MI in the s t ra tum basale and s t ra tum spinosum were 1.5 and 1.3, 
re speetively. 

The resul ts  indicate an increase  in the mitotic activity in the esophageal epithelium of the mice of 
this se r ies  in the morning and the f i rs t  half of the afternoon, They also indicate the existence of a diurnal 
rhythm in the number of cells synthesizing DNA in the s t ra tum basale and s t ra tum spinosum of the esopha-  
geal epithelium. The increase  in number of DNA-synthesizing basal cells takes place on the average 12 h 
before the increase  ~n mitotic activity in this layer .  The duration of the period of maximum mitotic a c -  
tivity and of the period when the largest number of basal cells with labeled nuclei is found is the same, 
namely 9 h. If the diurnal rhythm of mitosis  in the cells  of the s t ra tmn spinosum is shown graphically by 
a unimodal curve,  the diurnal rhythm of DNA-synthesizing cells of the s t ra tum spinosum is represented  
by a bimodal curve.  

It has been claimed [13, 14, 16] that only ceils of the s t ra tum basale in the strat if ied squamous epi-  
thelium are capable of synthesizing DNA. However, Mamontov [11, 12] found DNA-synthesizing ceils in 
the s t ra tum spinosum of the corneal  and lingual epithelium of mice.  The present  resul ts  showed that cells 
of the s t ra tum spinosum of the esophageal epithelium can also synthesize DNA and, consequently, can s tar t  
on a cycle of mitosis .  However, the number of such cells is unusually low by compar ison with the number 
of DNA-synthesizing basal cells.  It is possible that DNA synthesis in the s t ra tum spinosum is actually 
ca r r i ed  on by even fewer  ceils than would appear  f rom the resul ts  of these experiments ,  if a correc t ion  
is introduced for  the probability of migrat ion of ceils which have s tar ted DNA synthesis in the s t ra tum 
basale into the s t ra tum spinosum. The small  number of cells in the s t ra tum spinosum exhibiting the ability 
to synthesize DNA is evidently one reason for  the extraordinar i ly  low mitotic activity in this layer .  Dif- 
ferentiation p rocesses  thus exert  a marked influence on the entry of cells into the mitotic cycle,  and they 
thus control the intensity of cell reproduction. 

L I T E R A T U R E  C I T E D  

1. I . A .  Alov and N. V. Krasi l 'n ikova,  Dokl. Akad. Nauk SSSR, 142, No. 4, 923 (1962). 
2. I . A .  Alov, Outlines of the Physiology of Mitotic Cell Division [in Russianl,  Moscow (1964). 
3. M . T .  Gololobova, Byull. t~ksperim. Biol. i Med., No. 9, 118 (1958). 
4. V .N .  Dobrokhotov and A. G. Kurdyumova,  Byull. ]~ksperim. Biol. i Med., No. 8, 81 (1962). 
5. V .N .  Dobrokhotov, Vestn. Akad. Med. Nauk SSSR, No. 7, 50 (1963). 
6. V .N.  Dobrokhotov et al . .  Trudy Moskovsk. Obsheh. Ispytatelei P r i rody ,  11,165 (1954). 

572 



7. A.A. Zhirnova, Trudy Blagoveshchensk. Med. Inst., 5, 39 (1963). 
8. V.V. Kozlov, in: Collected Scientific Transactions of the North-Ossetian Medical Institute [in Rus- 

sian], Vol. 11, Ordzhonikidze (1964), p. 248. 
9. V.V. Kozlov, in: Collected Scientific Transactions of the North-Ossetian Medical Institute [in Rus- 

sian], Vol. 11, Ordzhonikidze (1964), p. 257. 
10. L .D .  Liozner et al., Byull. ]~ksperim. Biol. i IVied., No. 8, 77 (1962). 
11. S.G.  Mamontov, in: Regeneration and Cell Division [in Russian], Moscow (1968), p. 258. 
12. S.G.  Mamontov, in: Cellular Renewal in the Corneal and Lingual Epithelium of Mice, Candidate's 

Dissertation, Moscow (1969). 
13. O.S. Frankfurt,  Tsitologiya, No. 2, 175 (1967). 
14. J . L .  Cameron, J. Exp. Zool., 163,271 (1966). 
15. C. Pilgrim, W. Erb, and W. Maurer,  Nature, 199,863 (1963). 
16. B. Schultze and W. Oehlert, Science, 131,737 (1960). 

573 


