MITOTIC ACTIVITY IN THE LIVER OF SEXUALLY MATURE MICE
AT VARIOUS AGES

V. F. Sidorova

Laboratory of Growth and Development (Head, Professor L. D. Liozner),

Institute of Experimental Biology (Director, Professor I. N. Maiskii) of the AMN SSSR, Moscow
Presented by Active Member AMN SSSR, N. A. Kraevskii

Translated from Byulleten' Eksperimental' noi Biologii i Meditsiny, Vol. 57, No. 1,

pp. 111-114, January, 1964

Original article submitted January 16, 1963

Reparative regeneration of the liver takes place mainly by mitotic cell division. The mechanisms of the
physiological regeneration of the liver and of its growth have not yet been explained. The results of experimental
studies [9, 18, 15, 19, 20] of the postnatal growth of the mammalian liver show that the high level of mitotic activ-
ity of its cells falls rapidly between 30 and 40 days after birth, It remains uncertain, however, how long mitolic
activity remains in the liver and how high its level stands when the animal attains sexual maturity. The answers to
these questions are important to the understanding of the mechanisms of regeneration and growth of the liver. Data
in the literature are mainly concerned with the mitotic activity of the liver in rats; the liver of mice has not been
investigated so thoroughly from this aspect.

We have studied the level of mitotic activity in the liver of sexually mature mice of different ages, and also
the dynamics of the changes in size of the liver cells during growth of the organ.

Mean Body Weight, Weight of Liver, Mitotic Activity, and Dimensions of Cells in Mice of Different Age Groups

3 Relative weight | Mitotic No. of animals [Area of liver
No, of Body Weight X . ] . X . 2
animals weight of liver o-f liver 1f1dex in which mitoses|cell (in mm®)
(in %) (in %) were found (x350)
20 12 610 4.8 6.0 20 26.0
10 22 1300 5.8 1.2 10 Not measured
20 25 1750 6.4 0.5 15 20.1
20 30 2050 6.3 0.4 14 27.2
18 36-38 2249 6.1 0.2 11 33.5
18 39 2218 5.6 0.01 1 34.2
18 42 1800 4.7 0.02 2 31.6

* See results given in a previous paper [2].

EXPERIMENTAL METHOD

Experimeﬁts were carried out on male and female mongrel albino mice of the following body weight: 12, 25,
30, 36, 37, 38, and 42 g. Each group consisted of 18-20 animals. The animals were sacrificed at 6 A.M., when the
"level of mitotic activity reaches its maximum [2]. The animals were sacrificed and the weight of the whole body
and of the liver was determined. Paraffin-wax sections of the liver were cut to a thickness of 7 and stained with
hematoxylin-eosin. The number of mitoses per 6000-7000 cells was counted. To measure the size of the liver cells,
sections were cut in 10 mice from each age group by a special method [16], after which 150-200 cells from each
animal was drawn with the aid of a drawing apparatus with a magnification of 350 times, and the area occupied
by each liver cell was determined. The outlines of the individual cells were drawn on graph paper, cut out, and
weighed on torsion scales. The weight of 1 cm? of paper was found, and hence the area of each individual cell was

calculated,
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s EXPERIMENTAL RESULTS

g It will be clear from the table that the body

E 9 weight and weight of the Iiver of the albino mice con-

o 4 tinued to increase for a considerable time after the

§ " animals had attained sexual maturity (12-14 g). The

g /] mitotic activity of the liver cells fell with age. Both

ko the number of mitoses in individual mice and the num-

g 4 ber of animals in which mitoses were found fell. The

- T T T R T mitotic index in the mice with a mean weightof 12 g

:;d;:zv:;;mjgi T was 6% 25 g 0.5%, 30 g—0.4%, 36-38 g—0.2% 39 g—

0.01%, and 42 g—0.02%(see the figure),
Age changes in mitotic activity of liver cells in mice,

The mitotic activity of the liver cells fell par-
ticularly during the period when the body weight of the mice rose from 12 to 22 g. The mitotic index at the end
of this period was only one-sixth its value at the beginning,

It is interesting to note that in animals with a body weight of between 25 and 36 g, the mitotic index showed
no significant changes, especially when the body weight rose from 25 to 30 g. This was a very important finding,
for it provided evidence of the relative standardization of proliferative processes in the organ.

A sharp decrease in mitotic activity was observed in older mice with a body weight of 38-42 g. At this age
both the absolute and relative weights of the liver fell. Not only the mitotic index, but also the dimensions of the
cells showed a reduction, evidently associated with signs of senile atrophy of the organ.

The chief difficulty arising during discussion of these results is that the liver of the mouse, like that of the rat,
continues to grow practically throughout life. Yet it is not known how this process takes place, Some writers claim
that from a very =arly age of the animals the postnatal growth of the liver is entirely determined by an increase in
the size of the ceils as a result of the polyploidization of their nuclei [8, 17]. This view, however, is not shared by
other authors [18].

Because of ihis it cannot be confidently stated to what the mitoses found in the liver of the adult animals,
the growth of the organ, and its physiological regeneration may be attributed, or whether more than one of these
factors operates at the same time., Whereas a high level of mitotic activity in young mice {with a body weight of
12-22 g) may be evoked by a combination of the processes of growth of the organ and its physiological regenera-
tion, it is perfectly feasible that in adult animals, with a body weight of mcre than 25 g, mitoses may be directed
towards renewal of the organ, for its growth at this age is brought about mainly by an increase in the size of the cells,
and very little change takes place in the level of mitotic activity (see the table). The difference between the di-
mensions of the cells in animals with body weights of 25-30 and 36 g is statistically signficiant (P=90.01). At the
same time it cannot be ruled out that some of the mitoses in the liver of adult animals of this age may also be di-
rected towards growth of the organ.

The sharp decrease in the mitotic activity of the liver cells in the older animals (body weight over 38 g) may
be explained both by the cessation of growth of the organ and by a lowering of the general level of physiological
regeneration in these animals {6, 7, 11]. Evidence that some of the mitoses may be directed towards renewal of the
organ is given by the fact that in hypophysectomized animals mitoses are found, although in much smaller num-
bers than in control animals [3]. If it is accepted, however, that physiological regeneration of the liver of adult
animals takes place by mitosis alone, this suggests that development of this process is extremely slow, for the mitotic
index in adult animals is very low (mean value 0.3%).

In a previous investigation [2], forming part of an investigation of the diurnal rhythm of mitosis in the liver
of mice weighing 22 g, we observed a high number of mitoses during the moming, from which we concluded that
the level of the processes of physiological regeneration of the liver is higher than is generally accepted. However,
the present findings, obtained in older animals, and also the results obtained by workers investigating the liver by
means of the method of labeling with isotopes [5, 10, 12, 14], demonstrate that the replacement of the cells in the
liver of adult animals is a somewhat rare process. It appears that other mechanisms of renewal are characteristic
of the liver. In particular, several authors consider [1, 4] that the processes of physiological regeneration in the
liver take place mainly by the development of polyploid cells. It is clear that further experimental investigation
of the mechanisms of physiological regeneration and growth of the liver is required.

109



SUMMARY

Mitotic activity was studied in hepatic celis of albino mice, weighing 12, 22, 25, 30, 36, 38, 39, and 42 g.
The animals were killed at 6 A.M, (18-20 at a time). From 6 to 7 thousand cells were counted in the liver of each
animal. The average number of mitoses was: in mice weighing 12 g—6%, 22 g—1.2% 25-30 g—0.4-0.5%, 36-38
g—0.2%, 39-42 g—0.01-0.02%. With increasing age not only the number of mitoses in individual mice, but also
the number of animals in which mitoses occur, decreased.
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odical literature may well be available in English translation. A complete list of the cover-to-
cover English translations appears at the back of this issue. '
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