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The changes in mitotic activity in the cOurse of the 24 hours is a particular manifestation of the diurnal 
periodicity of various physiological processes in the body. The diurnal mitotic regime has been studied in detail 
in plants, in the protozoa,and in various organs of animals and man. Despite the large number of investigations 
on the subject of the diurnal periodicity of mitosis in normal and pathological conditions [4, etcj, the mechanism 
of these processes remains far from clear. 

From a number of observations it may be deduced that the diurnal variations in mitotic actiwty are con- 
nected with the variauons in light [15, 16, 19J, with changes in the temperature or with the rhythm of functional 
actiwty of the body [9, 10, 15]. In the present work an attempt was made to discover experimentally the signif- 
icance of these factors in bringing about the diurnal periodicity of mitosis in the ammal body. 

TABLE 1 

Changes in Mitotic Activity !n Response to Disorgamzation of the Diurnal Alternation of 
Light and Darkness * 

Experimental condi- 
tions 

] 

Natural alternation of', 
light and darkness 

Disorganized alter- 
nation of light and 
darkness 

Eve. 
ning 

Mot, 
ing 

EVe. 
ning 

Number ofmitoses(M ~ m) and phase coefficient(K) 

corrlea 

486zk24 
K - - l , 3  
1o5:1:23 

i K - - l , 9  119:1=14 
K - - 2 . 0  
482:]::3o 
K - - I , 9  

skin 

22=~:2 
K -- 2.6 
9,6-k2.5 
K- -  3.4 
5,89_:~ ,5 
K ~ 2 . 0  

20,6:L1.9 
K - 2 . 2  

tongue 

114114 
K - - l ; 5  

43,6:t:3.6 
K - - t 0  

40:1:_4 
K - - 2 . 7  
1474-20 

K- -1 .3  

esophagus 

7018 
K .... 1,3 
6,0::k I 4 
K- -1 .4  
5, t:?_1.0 
K --1.6 

66:L~6 
K- -  1.7 

* In all the groups P = 0.001-0.002. 
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TABLE 2 

Diurnal Variations in Mitosis in Rats after Adrenalectomy 

Gzoup of animals ~ l o , ~  ~ I 1'~ '~ i Numbe'r ~176 * -  m) and phase coefficient(K) 

~ ' ~ I ~  '~ c,~mea skin tongue esophagus 

Conuol I MoIn- 
6 i mg 
6 Eve- 

[ning 

156113 
K--2,o 
11,44-2 
K--2.5 

P < 0,001 

1364-11 
K--0,9 
724-15 
K--1.5 

P=0,004 

324-7.6 
K--1.3 
24-0,9 

K--3.0 

P=0,002 

t84-a,  t 
K--1.5 

8.5:i=2.4 
K~1.4 

P-=O,O1 

After thyroidectomy 6 Morn- 105/:21 
mg K--2, 2 

t(--2.6 

P=0.00l 

86-- t 5 
K--1.0 
964-26 
K--I .6 

P =:0.38 

294-I-4, L 
K--1.2 

18,2+3.2 
K--1.9 

P= 0,04 

20-1-4.9 
K--I.I 
t 24-3.4 
K--1.4 

P=O.1l 

TABLE 8 

Diurnal Variations in Mitosis in Rats after Thyroidectomy 

roup of anita ~fls 

" .~igliV' 

'Day" 

r 

IMom- 
7 ling 

7 I Eve- 
j ning 

Number of mitoses (M.  m) and phase coefficient (FO 

hltestine tongue 

412=~21 146_-4.215 
K--1.4 K--1.3 
2524-13 244-3.5 
K--2.2 K--2.0 

P<O.O01 P< 0.001 

coHlea 

29o~29 
K--1.5 

1724-71 
K--1.3 

skin 

234-6 
K--2.1 

7.64-2 
K--1.0 

P=0.08 P=0.018 

.Mo.rn- l 
6 ing 

i 

6 ; Eve- 

i ning 

314~19 
K--l.8 

420122 
K--1.6 

P=0.0! 

48~3.7 
K--I,I 
7816 
K--1.9 

P=0.002 

286&36 
K--I.6 
91~23 
K--1.6 

P-=0.001 

184-I .6 
K--2,0 
11s 
K-~2.2 

P<0,001 

EXPERIMENTAL METHOD 

Experiments were carried out on white mice and rats (males) aged 2-3 months. The mitotic activity was 
determined in the morning (8A.Jvl.) and evening (8 P.M.) in the epithelium of the cornea, skin, tongue, esophagus 
and intestine and in the lymphocytes of the thymus gland. The magnitude of the mitotic activity was judged by 
the number of dividing cells per constant area (1.65 mm~, by the percentages of the individual phases of mitosis 
and by the phase coefficient. 
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TABLE 4 

Changes in the Mitotic Activity 
Program 

during Organization and Disorganization of the Feeding 

Group of animals 
Number ofmi toses(M,  m) and phase coefficiem(K) 

, 

~ ' ~  I 
~ .cornea skin to~.~ue esophagu thymus 

Control Morn- 
ing 

Eve-  
I ning 

318~34 
K--2.4 
93• 

K-2.6 

P < 0.001 

aTzk 4.2 
K--3.1 
I0:.~_2,6 
K - - 3 , ( }  

P<O,O01 

91~]3 
K--o,8 
6 o i  i 1 
K--0.9 

P--O. 06 

36-~=3.9 
K--1.9 
14=k5.5 
K--1.0 

P--O. 003 

117i16 
K--.3.0 

68A19 
K--2.2 

P--0.04 

After adrenalectomy 
Morn-I 
mg 

Eve- 
ning 

9~'c~J-'~ 204-3.3 -~'~:X-- O 

K--2.9 K--1,5 
115 4o=25 12:Jz 1.3 
K--2,2 K--2,6 

P--0.004 P--0.O2 

[07-t-8.9 
K- - I . I  
70-k I t 
K.--I .2 

40-_]:6,3 

K--I .2  i 12zL2,5 
K--1 ,o 

P--O,O01 

E5~z; 2 
K--2.8 

66:L14 
K - 2 . 7  

P--O. 03 

In the first series of experiments we studied the diurnal variations in mitoses when the normal periodicity 
of light was disturbed during the 24 hours. The groups of experimental mice were kept in artificial illumination 
during the night(9P.M, to 7A. M.) and during the daytime(7A. M.to 9 P.M.) they were kept in total darkness. 
Control animals were kept in ordinary conditions of natural alternation of day and night. The experiment was 
continued for 40 days, for the main guaranteeofsuccessinthe experiment was its duration. 

In a second series of experiments we studied the diurnal variations of mitoses in white rats 8 days after bilat- 
eral adrenalectomy. 

In the third series of experiments rats were subjected to the operation of thyroidectomy. The mitotic ac t iv-  
ity was determined in the morning and evening of the 9th day after the operation. 

In the fourth series of experiments we studied the mitotic activity when the digestive activity was disorgan- 
ized. The first group of mice in this series (the "night" group) received food only during the night (from 8 p.m. 
to 8 a.m.), and the food was withdrawn during the day. The animals of the second group (the "day" group) re- 
ceived food only during the daytime (from 8 A.M.to 8 P.M.) and food was withdrawn during the night. Both groups 
of mice were kept under identical conditions of illumination (a semi-darkened room). The experiment lasted 2 
months. The mice were sacrificed in the morning ( 7 : 3 0 ~ )  and evening (7:30P.M.). Since in this series we 
assumed that thegeneral physiological activity Of the animal was disorganized as well as the digestive activity, 
at the beginning of the experiment we periodically introduced a female into the cage with the male mice for 2.3 
days: at night with the "night" group of animals and during the daytime with the "clay'group. In all the experi- 
ments we studied the RNA and DNA content of the tissues as well as determining the mitotic activ,ty. The mater-  
ial was fixed with Helly's mixture. Sections were stained with methyl green and pyronine by Unna's method (con- 
trol sections being treated with ribonuclease) and by Feulgen*s method. 

EXPERIMENTAL RESULTS 

The results of the first series of experiments showed that disorganization of the alternation of day and night 
led to complete disorganization of the diurnal periodicity of mitotic activity (Table 1). In animals in natural con- 
ditions of diurnal periodicity of light and darkness, the maximum values of mitotic activity in the epithelium of 
the cornea, skin,tongue and esophagus occurred in the morning, and the minimum values in the evening. In the 
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animals of the experimental group (illumination at night and darkness by day) the diurnal rhythm of mitosis was 

completely disorganized. Maximum values for the mitotic activity were observed inthe evening and minimum 
values in the morning. The results of this series of experiments thus showed that one of the important factors de- 
termining the diurnal rhythm of mitosis is the periodic alternation of day and night, of light and darkness. 

A number of workers have described the stimulation by light of the hypophysis, the sex glands, the thyroid 
gland and the adrenals, and the changes in the activity of these organs on account of diurnal alternations of light 
and darkness [3, 8, 9]. The endocrine organs also play an important role in the regulation of ceil division [1, etc.]. 
It has also been found that stimulation of mitoic activity by the supplementary illumination of animals is effected 
through the thyroid gland [7]. These observations suggest that the effect of the diurnal alternation of light and 
darkness on the mitotic regime is connected with changes in the activity of the endocrine organs. 

Experiments we.re accordingly carried out in which the diurnal variations in mitosis were studied in animals 
after preliminary extirpation of the adrenals and thyroid glanG The results of these experiments showed that after 
adrenalectomy (Table 2) and after thyroidectomy (Table 8) the diurnal variations in mitosis in the morning and 
evening were maintained. The scale of variation of mitotic activity in the morning and evening was, however, 
slightty reduced in some cases. This was noted in the epithelium of the cornea and skin after adrenatectomy and 
in the epithelium of the tongue, esophagus and skin after thyroidectomy. The fluctuations in mitosis in the epi- 
thelium of the tongue between morning and evening were completely obliterated. From the results of these ex- 
periments it may be postulated that the adrenais and the thyroid gland are of some importance in effecting the 
diurnal rhythm of mitosis in animals. The rote of these organs, however, is evidently not a decisive one, for aft-  
er their extirpation the diurnal fluctuations in the number of mitoses are maintained. This appears all the more 
likely because a diurnal periodicity of mitosis is present in protozoa and plants, and the diurnal mitotic regime 
in different organs of animals is not identical. 

In the experiments in which the diurnal alternation of tight and darkness was disturbed, attention was drawn 
to the fact that the changes in the alternation of day and night led at the same t ime to a comptete disorganization 
of the rhythm of functional activity of the a n i m a l  In the mice  illuminated during the night (the "night" group 
of animals) the maximum level of functional activity was shifted to the daytime. These observations suggested 
that the effect of alternation of day and night on the mitotic regime was brought about primarily by an alterna- 
tion in the functional rhythm of the different organs. The digestive organs were selected as a test object. 

Preliminary experiments (on 41 animals) showed that the intestinal epithelium evidently possesses a differ-" 
ent diurnal rhythm of periodicity of mitosis from that of other organs [15]. In any case, we observed no essential 
difference between the mitotic activity in the morning and evening (morning 326 4- 17, evening 350 4- 11). 

The maximum digestive activity of laboratory mice  is known to occur during the night, although they per- 
iodically ingest food during the day. If  the diurnal rhythm of the mitosis were connected with the ~ functional ac-  

- tivity of an organ, then it might have been expected that with a modification or complete disorganization of the 
feeding program, the diurnal rhythm of mitosis would also be changed. A third series of experiments was accord- 
ingly carried out, in which some mice (the '*night" group) received food at night only, and the others (the "day"* 
group) received food only by day. Although the experiment lasted for two months, we were unable to bring about 
complete disorganization of the general functional activity in this way. The change in the digestive activity was 
the result of the experimental envixonment itself. The results of these experiments (Table 4) showed that feeding 
animals only at night leads to the appearance of obvious diurnal variations in mitosis in the intestinal epithelium. 

With disorganization of the feeding program (in the daytime) the diurnal variations in mitosis became in- 
verse in nature: the higher the level of mitotic act iv!tyobservedintheevening,  the lower the values in the 
morning. The diurnal variations in mitosis in the epithelium of the tongue were disorganized at the same time. 

T h e  difference between the mitouc activity in the morning and evemng in the "day" group of animals was iess 
than that in those animals in which only the feeding program was disturbed from its normal pattern. The diurnal 
variations in mitosis in the epithelium of the cornea and skin were essentially unchanged. In two experiments, 
however, unusually high levels of mitotic activity were observed in the "night" group of animals in the evening. 
It is possible that, had the experiments been continued longer, changes would have occurred in the general func- 
tional activity of the animal and in the mitotic regime in organs unrelated to the digestive system. The rhythm 
of functional activity of the ceils determines the mitotic regime, probably by modifying the metabolic processes 

with which mitotic division is associated. 
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From a number of observations, including those in our own laboratory [2, 5], it may be considered that one 
of file essential links in the biochemical  mechanism of mitosis is the nucleoprotein metabolism. From this it 
may be deduced that diurnal variations will take place in the RNA and DNA contents, corresponding to the varia- 
tions m mitotic activity. Such changes have been described in the liver cells [14, 6]. Our observations were con- 
ducted on the epithelium of the cornea, tongue, intestine and liver and on the lymphocytes of the thymus gland 
in rats and mice  (A. A. Zhirnova). The results of these experiments showed that, corresponding to the diurnal var- 
iations in mitotic activity, obvious diurnal variations in the RNA and DNA content of the cells were observed. 
In the epithelium of the cornea, tongue and liver, and in the lymphocytes a higher content of nucleic acid was 
found in the morning and a lower content in the evening. The RNA and DNA content of the intestinal epithelium 
(and the mitotic activity correspondingly) showed no essential difference between morning and evening. When 
the diurnal alternation of light and darkness was disturbed, obvious changes took place in the nucleic acid content 
of the cells. When the animals were illuminated at night, the maximum content of RNA and DNA was shifted 
from the morning to the evening. 

~The experimental results thus show that the diurnal periodicity of mitosis is connected with various factors. 

The diurnal alternation of light and darkness, the pattern of functional activity and changes in metabolic reactions 
are all links in the complex chain of  processes responsible for the diurnal rhythm of mitosis. The final links of 
this chain must evidently be sought in the changes in the nuclein metabolism in the course of the day. 

S U M M A R Y  

Inversion of the alternation of light and darkness during the 24-hour period resulted in a complete inversion 
of the diurnal rhythm of mitotic activity in the epithelium of the skin, cornea, tongue and esophagus. After re- 
moval of  the adrenal or thyroid glands the diurnal fluctuations of the number of  mitoses were preserved, but their 
range in the morning and evening hours was somewhat reduced. Diurnal fluctuations of mitotic activity,  absent 
in control animals, were noted in mice  fed only at night. When mice  were fed only in the morning the diurnal 
fluctuations were changed in the intestinal and tongue epithelium. The diurnal fluctuation of the RNA and DNA 
content noted in the cells of different organs corresponded to the mitotic rhythm. When the animals were i l lumi-  
nated at night the t ime of the maximum nucleic acid content changed from the morning to the evening. 
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