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Although the daily periodicity of mitosis has been studied in various plant and animal subjects [1-8], the mech- 
anism of this phenomenon is still insufficiently elucidated. Thus, it is important to study the establishment of the 
daily mitotic rhythm in the process of embryonal development. 

In this work, we attempted to demonstrate the regimen of mitotic activity in different organs of white mice 
and rat embryos. 

EXPERIMENTAL METHOD 
We undertook two series of experiments. In the first, we investigated the daily rhythm of mitotic activity in 

various organs of 21-22 day old embryos and adult female white mice and rals; in the second - the daily mitotic 
rhythms when the pregnant female animals were kept under conditions of reversed daily photoperiodicity. Before 
the experiment, the female mice and rats were kept separate from males for a period of 23 days. 

Then, 2-3 males were added to the groups of females (5-6 in each group). The time of fertilization was es- 
tablished from the presence of spermatozoa in smears of the vaginal contents. Females fertilized on the same day 
were divided into 8 groups (5 rats or mice in each). Four groups of the animals were maintained under natural il- 
lumination conditions, and 4 were kept under conditions of altered daily photoperiodicity for a period of 22 days: 
light during the night hours (8:00 P.M. to 8:00 A.M.), and darkness during the day (8:00 A.M. to 8:00 P.M.). On the 
22nd day of pregnancy, the females were sacrificed over the course of the day, at 8:00 A.M., 2:00 P.M., 8:00 P:M., 
and 2:00 A. M., using one group for each t ime period. Two embryos were taken from each female. 

The mitotic activity was determined in the epithelium of the cornea, and skin, in the liver and the duodenum 
of the embryos, and also in the epithelium of the cornea and epidermis of the female mice and rats. The magnitude 
of the mitotic activity was judged from the number of dividing cells in a constant area (for the cornea, skin, and in- 
testine - 1.85 ram2; for the liver - 4.28 mmZ), and the percent relationship of the individual mitotic phases. The ob- 
tained data were treated statistically, according to the method of Fisher-Student. 

EXPERIMENTAL RESULTS 
The results of the first series of experiments showed that the mitotic activity in the epithelium of the cornea, 

skin and duodenum, and in the liver, of the white mice embryos that were kept under natural conditions of daily 
photoperiodicity during the period of pregnancy followed a pattern of regular changes during the course of the day 
(Table 1). 

The daily mitotic fluctuations in these organs followed parallel courses. Curves of the daily rhythms of mi- 
totic activity were monophasic in character (Fig. 1,A). The maximum number of mitoses were observed at 8:00 A.M.; 
then the number of mitotically dividing cells decreased, reaching its minimum levels at 8:00 P.M. (P ranged within 
the limits of 0.000-0.021 for the different time periods). 

The daily mitotic fluctuations in the corneal and cutaneous epithelium of the female white mice that were kept 
under conditions of natural day and night changes, coincided with the daily rhythm of mitoses within the different or- 
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TABLE I. Daily Changes in the Mitotic Activity of 
Different Organs from 21 Day Old Embryos, and in the 
Cornea of Pregnant White Mice, Under Natural Illum- 
ination Conditions 

Subject 
of Inves- 
tigation 

Organ 
Number of mitoses 

Cornea 

White Cutaneous 
mice epidermis 36,4 23,4 20,1 20,0 

embryos Intestine 121,8 59,6 I 46,4 70,0 
I 

Liver 45,0 29,0 ] 11,0 19,7 

Females Cornea 

I 
8:00 2":00 ] 8:00 2:00 
A.M P.M.I P .M.A.M.  

112,4 64,9 [ 53,9 66,9 
I 

I 

190,2 113,8 62,0 89,0 

gans of  the embryos. The maximum mitotic activity was 

noted at 8:00 A.M., and the minimum at 8:00 P.M. (P = 
o.ooi). 

Identical results were obtained in the experiments on 
the white rat embryos that were kept under normal condi- 
tions, i.e., natural sh i~  of day and night (Fig. 1, B). The 
daily mitotic periodicity was followed in the epithelium of 
the cornea, skin, and liver. Cell multiplication in these or- 
gans reached a maximum at 8:00 A.M., and then fell m a 
minimum at 8:00 P. M. (P within the range of 0,000-0.076). 
The daily mitotic regimen in the corneal epithelium of the 
female rats was synchronous with the daily fluctuations in 
mitotic activity within the different organs of the embryos. 
The curve for the daily mitotic periodicity was monophasic 
in character, with the maximum number of dividing ceils 
at 8:00 A.M., and the minimum at 8:00 P.M. 

The parallel relationship between the daily mitotic 
rhythms of the embryo and the adult female permit postu- 
lating that the mitotic periodicity in embryos is synchronized 
with the maternal organism, and arises in connection with 

the action of those factors which cause the daily mitotic rhythm in the adult animal. One of the decisive factors" de- 
termining the mitotic rhythm of the animals appears to be the photoperiodieity of the days [1, 9, 10]. 

In connection with this, a series of experiments was carried out in which we studied the mitotic regimen of 
different organs in the embryo and adult female under conditions where the daily photoperiodicity was reversed. 
The data of these experiments showed that in the female mice and rats that were maintained under reversed daily 
photoperiodieity during the period of pregnancy(illumination during the night hours, darkness during the day), the 
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A) Curves of the daily mitotic rhythm in different organs of white mice 
embryos, under conditions of natural daily photoperiodieity. On the abscissa - 
time of day, on the ordinate - mitotic activity. 1) Mitotic activity of the skin: 
2) cornea; 3) intestine; 4) liver. B) Curves of the daily mitotic rhythm in dif- 
ferent organs of embryos, and in the cornea of adult female white rats, under 
conditions of natural daily photoperiodicity. 1) Mitotic activity of the skin; 
2) liver; 3) cornea of the embryos; 4) cornea of the adult females. 
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TABLE 2. Daily Changes in the Mitotic Activity of 
Different Organs in 21-22 Day Old Embryos, and in 
the Cornea of Adult Female White Mice, Maintained 
Under Conditions of Reversed Daily Photoperiodicity 
During the Period of Pregnancy 

Subject 
of Inves- 
tigation 

White 
mice 
em- 
bryos 

Cornea 

Organ 

Females Cornea 

Cutaneous 
epidermis 

Number of mitoses 

2:00 
A.M. 

8:00 2:00 8:00 
A.M. P.M. P.M. 

93,3 53,6 40,I 

d 
21,7 ! 19,1 33,8 

[ 

152 ! ,1 84,9 70,7 

i 

i 38,9 23,2 i 16,7 
I J 

83,0 92,6 1186,8 

58,9 

22,5 

Intestine 97,4 

Liver 25,5 

137,6 

the daily mitotic regimen was completely reversed (Table 2). 

Maximum figures for the mitotic activity were noted in 
the evening hours (8:00 P.M.), and the minimum - in the 

morning (8:00 A.M.); P = 0.000, and for the other time peri- 
ods P = 0.001 and 0.166. In the embryos of these animals, 
the daily fluctuations in the epithelium of the cornea, skin, 
duodenum, and in the liver did not undergo any changes at 
all (Figs. 2 and 3). The maximum mitotic activity was ob- 
served in the morning hours (8;00 A.M.), and the minimum - 
in the evening hours (8:00 P.M.). P ranged from 0.000 to 
0.001. In other words, the daily mitotic rhythm in the dif- 
ferent organs of the mouse and rat embryos that were main- 
tained under natural conditions of day and night shifts, and 
of those that were kept under reversed daily photoperiodicity, 
were the same type. 

The impression is created that the daily mitotic rhythm 
in embryos is stable, and inborn in character, and is not only 
arranged under the influence of the conditions in the external 
environment, exerting their effect via the maternal organism. 
Inheritance of a resistant daily mitotic rhythm in the embryo 

probably can gradually be altered, in the process of ontogenesis, in connection with exposure of the organism to var- 
ious external factors. 

~0 
3a 
20 
:0 

/$0- 

//0- 

gO- 

7a- 

~0J 50- 

2 

fda 

\ , .  
\ :20 

:so 

�9 "'v/1" a / , \  
GO 

' \ ,2 
'~ ,,x./ l / 

',] \i 
I\ 

-J '-.->,, ,3 

.0s0 A \ /  
70-7, 
60- 

80- 

e 'a }a '2 
Fig. 2. Fig. 3.. 

Fig. 2. Curves of the daily mitotic rhythm in different organs of mouse embryos, 
under conditions of reversed daily photoperiodicity. On the abscissa - t ime of day, 
on the ordinate - mitotic activity. 1) Mitotic activity of the skin; 2) cornea; 3) 
intestine; 4) liver. 

Fig. 3. Daily mitotic rhythm in the cornea of embryos and adult female white 
mice, under conditions of natural and reversed daily photoperiodicity. 1)Mitotic 
activity of the cornea in embryos, with natural daily photoperiodicity; 2) with 
reversed daily photoperiodicity; 3) mit0tie activity of the cornea in adult females, 
under conditions of natural daily photoperiodicity; 4) under conditions of reversed 
daily photoperiodicity. 
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SUMMARY 
The present work deals with the 24-hour mitoses in various organs of 21-22 day embryos and females of albino 

mice and rats, kept during pregnancy in conditions of natural and inverted 24-hour photoperiodicity. Mitotic activity 
in the epithelium of the comeum skin, duodenum and liver of mice embryos and rats during natural alterations of day 
and night exhibited 24-hour changes. There was a maximum number of mitoses at 8:00 A.M. and minimum - at 
8:00 P.M. The 2A-hour variations in mitoses of the corneal and cutaneous epithelium in females kept during preg- 
nancy in conditions of natural 24-hour photoperiodicity coincided with the 24-hour mitotic rhythm in various em- 
bryonic organs. In female mice and rats kept during pregnancy in conditions of inverted 24-hour photoperiodicity, 
the 24-hour mitotic rhythm showed a complete inversion. No changes were seen in the embryos of these animals. 

LITERATURE CITED 
/ 

1. I.A. Alov, Byu11. eksper, biol., 1959, No. 11, p. 107. 

2. I.A. A1ov, and N. V. Krasirnikova, Dokl. AN SSSR, 1962, Vol. 142, No. 4, p. 933. 

3. M.T. Gololobova, Byull. eksper, biol., 1958, No. 9, p. 118. - in the book: Regenerative Processes in Verte- 

brate Animals [in Russian]. M., 1959, p. 266. 

4. V.G. Grif, Tsitologiya, 1959, No. 2, p. 229. 
5. V.N. Dobrokhotov and A. G. Kurdyumova, Dokl. AN SSSR, 1961, Vol. 141, No. 1, p. 908. 

6. V.N. Dobrokhotov, A. G. Babaeva, and A. G. Kurdyumova, Dokl. AN SSSR, 1962, Vol. 142, No. 2, p. 458. 

7. C.M. B1umenfeld, Arch. Path., 1942, Vol. 33, p. 770. 

8. W.S. Bullough, Proc. roy. Soc. B., 1948, Vol. 135, p. 212. 

9. F. Halberg, J. J. Bittner, and D. Smith, Z. Vitamin-, Hormon- u. Fcrmetforsch., 1957, Bd. 9, S. 69. 

10. M. Meyer, Z. Zellforsch., 1945, Bd. 40, S. 228. 

All abbreviations of periodicals in the  a b o v e  b ib l iography  are letter-by-letter transliter- 
ations of the abbreviations as given in the original Russian journal. Some or all of this peri- 
odical l i t era ture  may wel l  be ava i lab l e  in English translation. A co mp le t e  l i s t  o f  the  c o v e r - t o -  

c o v e r  E n g l i s h  t r a n s l a t i o n s  appears  at the  back  o f  th i s  i s s u e .  
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