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In the last few years the attention of many investiga-
tors has been devoted toward studying the role of factors
of the external environment in the phenomena involved
with the 24-hour rhythm of cell division processes that take
place in the tissues of an organism [2, 5, 6, 7, 9, 10].

It has been established that 24-hour periodicity of
mitotic activity is characteristic of the majority of tissues
in the organism. Despite the fact that the question of 24-
hour periodicity of mitotic activity has been dealt with in
a considerable number of works, up until now there hasnot
been performmed a comparison of the 24-hour rhythm of
Iitosis in the same tissue of different species of animals,
Along with this, 2 comparative approach to the study of
this phenomenon would be able 1o aid the understanding
of the mechanism of cell multiplication and the condi-
tions that provide for one or another intensity in the pro-
liferation of cellular elements.

The purpose of this investigation was to study the 24-
hour periodicity of mitosis in the corneal epithelium of
animals of different species at different times of the year.

METHOD

The investigation was carried out on male white mice
(18-20 g in weight), white rats (130~150 g in weight), and
guinea pigs (300-350 g in weight), The animals were sac-
rificed in the course of a 24-hour period at 6-hour time
intervals. The larger portion of the experiments were be-
gun at 8:00 in the evening, while several of the experi-
ments were started at 8:00 in the morning, the purpose of
this being to test the influence of the time of the experi-
ment’s beginning on the character of the 24-hour rhythm
of mitotic activity observed,

The experiments were performed in the various sea-
sons of the year: spring (in March), summer (in June and
August), fall (in September) and winter (in December and
January).

Before setting up the experiments the animals were
kept under standardized conditions for 6-7 days. All 24-
hour experiments were carried out in periods of maximum
quiet within the laboratory rooms (on Saturday evening and
Sunday). In order to reduce to a minimum the effect of
various secondary external factors on the 24-hour regime

of mitosis, we fed the animals and took samples of the
cells at the same time in the 24-hour period. In addition,
sacrifice of the animals was carried out in a neighboring
room, and not in the experimental chamber,

Following fixation of the cornea in Carnu’s sclution
and subsequent staining with hematoxylin by the method
of Karachcha, total preparations were made from it. For
the determination of mitotic activity we investigated the
entire epithelium of the cornea and compiled a chart of
the distribution of mitoses, recording the stage of cell divi-
sion. For the mitotic index we used the number of mitoses
per 100 visual fields, which, using the diaphragm we selec-
ted, corresponded to 1 mm  in corneal area, The index
was calculated the same way, whether for the entire cornea
as a whole, or for isolated zones within it (peripheral and
central).

Eighteen series of experiments were set up, on 360
animals, At each interval of the investigation 5 animals
were sampled.

RESULTS

The data on the mitotic regime of the corned epithe-~
lium, during the course of 24 hours, in mice, rats, and
guinea pigs, are presented in the figure. Thetrial described
was carried out in August.

As is apparent from the data presented, 24-hour period-
icity of the mitosis in the corneal epithelium of mice was
clearly manifested in the formm of a monophasic curve, The
smallest number of cell divisions in the corneal epithelium
of the white mice was observed in the evening hours. The
mean mitotic index at that time of the 24-hour period was,
on the average, 45 mitoses per 100 visual fields,

At 2:00 A.M, the pumber of cell divisions in the inves-
tigated tissue clearly increased (198 mitoses) and attained
a maximum in the morning hours (437 mitoses).

A marked fall in the mitotic activity of the corneal
epitheliumn was already observed at 2:00 P, M, (140 mitoses),
The curve of the changes in mitotic activity of the
corneal epithelium in white rats over the course of 24 hours

(see figure) repeated the tracing of the 24-hour curve for
the white mice, However, in the corneal epithelium of the
white rats the range of the 24-hour fluctuation in the num-
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Figure. The 24-hour rhythm of mitosis
in mice (1), rats (2), and guinea pigs
(3)¢

ber of dividing cells was demonstrated to a lesser degree.

In the corneal epitheliumof the white rats, as in the
case of the white mice, the number of mitoses in the even-
ing hours was always minimal; on the average it was equal
to 95 mitoses, In the night hours the number of dividing
cells increased; the mean mitotic index at thattime reached
179,

The maximum number of cell divisions in the corneal
epithelium of the white rats was noted in the morning hours
(297 mitoses). In the afternoon hours (2:00 P, M,), as a rule
there occurred reduction in the total number of dividing
cells of the corneal epithelium; the mean mitotic index was
lowered to 260,

In contrast with the data obtained from the white mice
and white rats, no 24-hour thythm of mitosis was observed
in the corneal epithelium of the guinea pigs. The magni-

tude of the mean mitotic indices in their case did not essen-
tially change in the course of the 24-hour period. The mi-
totic index throughout the full 24 hours ranged within the
borders of 63-76 mitoses (see figure).

The results of the experiments on the study of the 24-
hour rhythm of mitotic activity in the corneal epithelium
of white mice, white rats, and guinea pigs during the various
seasons of the year are presented in the table,

The character of the 24-hour changes in mitotic activ-
ity in the experimental animals was maintained as approxi-~
mately the same in all seasons of the year.

In the mice and rats the maximum number of mitoses
were always observed in the morning howrs, and the mini-
mun, in the evening. The reliability of the discrepancy be-
tween the maximum and minimum indices was sufficiently
high in all cases.

As far as the mitotic activity of the corneal epithelium
in the guinea pigs is concerned, regular shifts in the 24-
hour curve were not observed, as a rule, during the various
seasons of the year, However, in the summertime (June') a
certain increase was detected in the number of dividing cells
during the evening hours as compared with the remaining in-
tervals of the investigation, Statistic treatment of the ma-
terial showed that this difference was close to being statis-
tically significant (P = 0.03),

The distribution of the dividing cells in the separate
zones of the corneal epithelium at different hours of the day
was not the same, The increase in the mean mitotic index
of the corneal epithelium in the white mice during evening
time occwrred as a result of the increase in the number of
dividing cells in the peripheral zone of the tissue., At 2:00
A, M, there was an average of 3-5 times more mitoses inthe
periphery of the cornea than in the central zone, The re-
duction in the over-all mitotic index for the corneal epithe-
lium of the white mice during the daytime hours of the 24-
hour period also occurred primarily at the expense of the
peripheral zone. The number of cell divisions in the perip-

The Mitotic Activity of the Corneal Epithelium inthe Course of 24 hours During

the Various Seasons of the Year!

Species of January [March |June  |August | Sept~ |December
animal _ ember -
i
8:00 P.MJ 4544 | 2242 | 30411 | 45419 | 2145 | 5549
Mice 2:00 A.MJ 194542 | 221331 | 210439 | 198738 | 247339 | 19945
8:00A.M.| 347525 | 4487-93 | 438748 | 437422 | 392795 | 301728
2,00P.M{ 121718 | 15211 | 16921 | 140721 | 129319 | 724920
8:00P.MJ 153+32 | 76418 | 185411 | 95413 | 45418 | 90432
Rats 2:00 A.MJ] 279420 | 171339 | 181196 | 179-16 | 182120 | 241F19
8:00A M] 272-596 | 362425 | 354721 | 207°E10 | 261162 | 3113192
2:00P. M} 272920 | 191121 | 217517 | 260416 | 340722 | 20727
o 8:00P.M] 8546 | 9618 | 877 | 6347 | 6945 | 7545
Guinea pigs 200 A.M} 109426 | 8141 7149 634-2 8245 69--6
8:00A.M, 108517 | 8548 | 10044 | 6748 | 84F5 | 7849
2.00p. Ml 111568 | 8436 | 85%6 | 7647 | 1007 | 8236

1The mean values of the mitotic indices are presented in the table.
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hery of the cornea at 2:00 P, M. was, on the average, 17,
times smaller than in the central zone,

Sumiming up the material presented above, it can be
noted that there exist species-specific differences in the
mitotic regime of the corneal epithelium of laboratory animals,

They are concerned with both the intensity of prolifera-
tion and the character of the 24-hour dynamics of mitotic
activity, The mean 24-hour mitotic index for the corneal
epithelium of white mice and rats was higher than inguinea
pigs.

The most clearly demonstrated 24-hour periodicity of
mitosis appeared in the mice.

In mice the number of mitoses in the morning was
greater than in the evening by an average of 12 times, while
in rats it was greater by only 3 times, Our data on the 24~
hour periodicity of mitosis in the corneal epithelium of white
rats corresponded to the data of M, T, Gololobova [1].

No regular shifts in the 24-hour rhythm of mitosis were
observed in the corneal epithelium of the guinea pigs. In
connection with this, it should be noted that the dynamics
of the motor activity of guinea pigs are characterized by the
absence of a regular 24-hour rhythm [7].

Guinea pigs differ from mice and rats in that they mani-
fest a less dynamic mitotic activity in their corneal epithe-
lium {2, 3],

SUMMARY

The 24-hour periodicity of mitosis was studied in the
corneal epithelium of white mice, white rats and guinea
pigs. There were species—specific differences both in the
intensity of the cellular multiplication, and in its 24-hour
rhythm, The 24-hour periodicity of mitotic activity is
clearly manifested in mice and rats, the maximal amount
of mitoses being observed during morning hours, and the

minimal—in the evening, The curve, characterizing the
24-hour periodicity of mitoses is uniform during all the
seasons of the year, The amplitude of the 24-hour varia-
tion of mitotic indices in mice is on the average 3 to 4
times greater than in rats. In guinea pigs the 24-hour mi-
totic periodicity of the corneal epithelium is not manifested
so clearly,
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