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It is known from numerous observations that in the
tissues around a wound defect the number of cell divi-
sions increases greatly, to an extent which depends on
the size of the wound inflicted and the species of experi-
mental animal, But the question of the 24-hour rhythm
of mitoses in tissues during wound healing has been very
inadequately studied, and the available data are contra-
dictory. :

Blumenfeld [8] investigated the 24-hour rhythin of
cell division in the epidermis during healing of skin
wounds in rabbits. Each animal received six wounds at
intervals of four hours. Mitotic activity was studied on
the seventh day of wound healing. On the basis of the
data so obtained Blumenfeld concluded that in the epi-
dermis of a healing wound in the rabbit, there is a 24~
hour rhythm in mitotic activity, the mean number of
mitoses being twice as great in the regenerating epider-
mis as in the normal skin. Bullough and Laurence [9]
showed that if six small radial wounds are made simul-
taneously on one ear of a mouse, mitotic activity in the
epidermis next to the wounds is greatest on the third or
fourth day of regeneration. They were not able to de~
tect a 24-hour rhythm in the mitotic activity. The de-
sign of these experiments; which involved making sev-
eral wounds in each animal, merits critical examination,
since other data indicate that a regeneration process in
one part of an organism has an effect on mitotic activity
in other tissues—-even those at a distance [3].

The disagreement in the published data concerning
a 24-hour rhythm of mitotic cell division in regenerat~
ing tissues led us to carry out the present investigation,
We set ourselves the problem of finding out, first, how
the level of mitotic activity in the epidermis changes
from one period to the next during the healing of skin
wounds, and second, whether there is a 24-hour rhythm
of cell multiplication in the epidermis adjacent to the
wound defect, and in the regenerating epidermis — i.e.,
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in the cell layer that is forming a cover over the wound
surface.

METHODS

Experiments were performed on 100 rats (male)
weighing 150 g. A wound (3 X 8 mm) was made on the
skin of the back at 9:00 AM. The skin was removed
together with the subcutaneous connective tissue. The
first eight skin biopsies removed were fixed for the pur-
pose of studying mitotic activity in the normal epider-
mis; a second group of biopsies (also eight in pumber)
were fixed at 9:00 PM for the same purpose. For studies
of mitotic activity during regeneration, skin biopsies
were taken every six hours on the first, third, and fifth
day, in such a manner that portions of both regenerating

.epidermis and epidermis adjacent to the wound were in-

cluded (the dimensions of biopsies from each side of the
wound were 5 — 7 mm). Mitotic activity was determined
separately for each of these biopsies. Seven animals
were used for each time period. The material was fixed
in Zenker's solution and imbedded in paraffin, Sections
7 in thickness were stained with hematoxylin by
Karazi's method,

RESULTS

The figure shows the changes in the mitotic coeffi-
cient (MC) in epidermis adjacent to the wound at var-
ious times of the day. At 9 AM (before the wound was
made) the mitotic coefficient had a value of 4.9 per
thousand, and at 9 PM this coefficient was 2.1 per thou-
sand.

Data obtained during the first day of the regenera-
tion process show that at 3 PM, i.e., six hours after the
wound was made, the number of cell divisions in the
epidermis next to the wound had fallen considerably, to
a level (MC = 1.6 per thousand) comparable to that
observed in normal rat epidermis at the hours of lowest
mitotic activity. At 9 PM, i.e., 12 hours after the wound



was made, the level of mitotic activity was almost the
same as it was in control animals at the same time of
day. At 3 AM the number of ‘mitoses had risen greatly,
and it continued to rise until it reached a maximum at
9 AM. The changes in the mitotic coefficient between
9 PM and 3 AM and between 3 AM and 9 AM were
statistically significant (P=0.0001 and P = 0.02).

We have shown previously [1] that in the normal
rat epidermis the 24-hour rhythm of cell division can
be expressed by a curve with a single peak, with the
maximum number of mitoses in the early hours (6 AM)
and the minimum at 9 PM. In our experiment the mito-
tic activity continued to increase during the first day of
the regeneration process until 9 AM. This increase in
the number of mitoses toward the end of the first 24
hours of the regeneration process can be explained by a
compensatory increase in mitotic activity in response to
inhibition of this activity.

At the beginning of the third day of regeneration
(9 AM) mitotic activity in the epidermis adjacent to the
wound was not significantly different from what was ob-
served at 9 AM in the normal skin. The change in the
mean MC during the interval between 9 AM and 3 PM
also was not significant. After 3 PM we noted a reduc-
tion in the number of mitoses, but this reduction was not
significant (P = 0.16). Then, after 9 PM the level of mi-
totic activity in the old epidermis increased so sharply
that at 3 AM of the third day of regeneration we were
able to establish the largest number of mitoses, differ-
ing significantly from the number at 9 PM (P = 0.0001).
At 9 AM at the end of the third day of regeneration we
observed a fall in the number of mitoses to a value, like
that at 9 AM at the beginning of the same day, only a
little greater than in the normal epidermis. The change
im the MC between 3 AM and 9 AM was statistically sig-
nificant (P = 0.001). Therefore, on the third day of
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healing the epidermis adjacent to the wound is charac-
terized by the presence of a 24-hour rhythm of cell mul-
tiplication that takes the form of a curve with a single
maximum of the number of mitoses at 3 AM and 2 mini-
miun at 9 AM.,

At9 AM, at the beginning of the fifth day, the le~
vel of mitotic activity in the epidermis was a little high-
er than at the same time in normal skin; but statistical
analysis indicated that this difference was not significant
(P = 0.04). Starting at 3 PM, the number of mitoses in
the epidermis decreased, reaching a minimum at 9 PM.
The difference in the number of mitoses between 3 PM
and 9 PM was statistically significant (P = 0.002). At
3 AM the level of mitotic activity reached the highest
point, and was significantly different from the level at
9 PM (P = 0.001). The reduction in the number of mi-
toses by 9 AM at the end of the fifth 24-hour period was
considerable, but not significant (P = 0.04). It follows
that on the fifih day of the regeneration process the epi-
dermis next to the wound is also characterized by the
presence of a 24-hour rhythm in cell multiplication,
but the total level of mitotic activity is somewhat lower
than on the third day of healing of skin wounds.

What sort of mitotic activity takes place in the re-
generating epidermis?. Since epithelization of the
wound surface did not occur on the first day after the
wounds were made, we began examining mitotic activi-
ty on the third day. On the third day of regeneration,
we found tongues of regenerating epidermis under the
scab, growing in from the margins of the old epidermis.
But the regenerating epidermis covers only about one
third of the whole surface of the wound at this time.

On the fifth day the degree of epithelization of the
wound surface is different: in some cases epithelium
covers half the surface of the wound, while in others
complete epithelization of the wound surface is seen.
No consistent changes are seen in the number of mitoses
in the regenerating epidermis at different hours of the
day on the 38rd-5th  day of regeneration, In other
words, we have not been able to detect a 24-hour rhythm
of cell multiplication in regenerating epiderinis. We
can only point out that the number of cell divisions on
the third day of healing of skin wounds (mean MC = 6.1)
is a tittle higher than on the fifth day (mean MC = 4.4;
see table).
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In view of work that has been done on reactive inhi-
bition' of mitoses [6] the impréssion may have been
created that the level of mitotic activity in the animal
organism is quite labile. It is true that in most cases
such inhibition is of short duration, and the number of
cell divisions quickly returns to normal. But the situa-
tion is somewhat different with the 24-hour rhythm of
cell mulitiplication, in connection with which one might
speak of a certain stability. To eliminate the 24-hour
rhythm of mitoses or obtain an inversion of the rhythm,.
certain experimental conditions must be met [10],

We would like to call attention to the maintenance
of the 24-hour rhythmn of mitotic activity in the case of
traurnatic regeneration. Thus, for example, we have
shown [3] that if a burn is produced on one cornea of
the rat, the 24-hour rhythm of cell division is maintained
in the other cornea. The 24-hour rhythm of mitotic ac-
tivity also is seen distinctly in the liver of rats and mice
after partial hepatectomy [5, 11].

Our results agree with those of Blumenfeld [8] con-
cerning the presence of a 24-hour rhythm of mitotic ac-
tivity in the epidermis during healing of skin wounds.
But he examined the progress of regeneration in rabbit
epidermis on the seventh day only, when the process of
epithelization is over.

Our data on the absence of a 24-hour rhythm of mi-
totic activity in regenerating epidermis are of interest.
V. N. Dobrokhotov [3] has also noted that in regenerat~
ing epidermis the level of mitotic activity at all periods
during the healing of skin wound is almost the same as in
the epidermis of normal skin, which agrees with the re~

“sults of our experiments on the 3rd-5th days of
regeneration.

Resules similar to ours, though not directly con-
cerned with the 24-hour rhythim, were obtained by G, A.
Kovaleva [4], who showed that the response of regenerat-
ing tissue to stimulation of the animals with an electri-
cal current is different from that in the adjacent epi-
thelium: whereas a marked depression is seen in the
rate of cell division in the epithelium adjacent to the
wound (cornea, tongue), in the regenerating epithelial
layer reactive inhibition is almost absent (tongue). At
the end of the regeneration process the reactivity of the
epithelium becomes normal.

The difference that we found between the levels of
mitotic activity on the third and fifth days of regenera~

1090

tion appeared only at the time of the maximum number
of cell divisions (3 AM), for the most part. A similar
phenomenon has been reported by other authers [2, 7,
12]. For this reason, it is recommended that materials
be fixed in the early morning hours to obtain more clear-
cut differences between experimental and control groups.

SUMMARY

Observations revealed that cell multiplication fol-
lows a 24-hour rhythm in the epidermis adjacent to a
skin wound on the rat's back. The greatest differences
between the mitotic activities at different stages of
wound healing (on the first, third, and fifth day of
regeneration) were observed at the time when the bum~
ber of cell divisions was maximal, i. e., in the early
morning hours. No 24-hour rhythm was seen in the mi-
totic activity of regenerating epidermis directly over
the wound,

LITERATURE CITED

1. M. T. Gololobova, Byull. Eksp. Biol. Med. 45, 9,
118 (1958). *

2. M. T. Gololobova, Byull. Eksp. Biol. Med. 47, 3,
94 (1959) *

3. V. N Dobrokhotov, Abstracts of the Sixth All-
Union Congress of Anatomists, Histologists, and
Embryologists [in Russian] (1958) p, 515.

4. G. A. Kovaleva, Byull. Ifksp. Biol. Med. 47, 2,

116 (1959).*

5. L. D. Liozner, Z. A. Ryabinina, and V. F. Sidorova,
Byull. Eksp. Biol. Med. 47, 5, 96 (1959).*

6. G. S, Strelin and V. V. Kozlov, Arkh. Anat. Gistol.
i Embriol. 36, 2, 3 (1959).

7. 1. A. Utkin, Voprosy Onkol. 1, 4, 3 (1955),

8. C. M. Blumenfeld, Archive of Pathology 36, 5, 493
(1943).

9. W. S, Bullough and E. B, Laurence, Br, Journal of
Experimental Pathology 38, 3, 273 (1957).

10. F. Halberg, C. P, Barnum, R. H. Silber, and J, J.
Bittner, Proc. Society for Exper. Biol and Med. 97,
897 (1938).

11. J.J.Jaffe, Anatomical Record 120, 4, 935 (1954).

12 Ra, Vasama and Ri. Vasama, Annales Med. exper.
et biol. fenniae 35, 363 (1957).

* Original Russian pagination. See C. B. translation.



