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Postnatal Ontogeny and Role of Epidermal Growth Factor
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Circadian rhythm of DNA synthesis, mitotic activity, and duration of mitosis in rat liver were
studied on days 3, 7, and 12 of life. Age-associated differences in the rhythmic parameters of
these characteristics were detected. Epidermal growth factor plays an important role in the
formation of cell proliferation rhythm in the early postnatal ontogeny and in the formation of

proliferative hepatocyte pool.
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Circadian rhythm of cell proliferation in mammalian
tissues is determined by an intricate complex of re-
gulatory factors acting at the tissue and whole body
levels [5]. However, the development of proliferation-
regulating system during ontogeny remains virtually
not studied. This is explained, first, by not simulta-
neous maturation of different tissues for reception of
regulatory factors and formation of the adequate re-
sponse to it and second, by not simultaneous begin-
ning of functioning of the systems determining the
regimen of cell proliferation specific for each tissue
during ontogeny.

Epidermal growth factor (EGF) is one of the fac-
tors essential for developmental process and level of
cell multiplication in tissues [8,9]. However, little
known about the role of this factor in the formation of
circadian rhythm of cell division in different tissues.
The early stages of postnatal ontogeny characterized
by imperfect mechanisms of regulation and diverse
tempo of tissue maturation are less studied. We pre-
viously showed that injection of EGF to rats did not
change DNA synthesizing and mitotic activity in the
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glandular epithelium of the fundal and pyloric com-
partments of the stomach, but the intensity of cell
proliferation increased appreciably in the small inte-
stinal epithelium [1, 2]. Here we studied the circadian
changes in DNA synthesis and mitosis in the liver of
rats on days 3-12 of postnatal development.

MATERIALS AND METHODS

Experiments were carried out on random-bred albino
rats on days 3, 7, and 12 of life. The animals were kept
under conditions of constant day/night regimen (light
from 6.00 to 18.00). In order to evaluate DNA syn-
thesis, the animals were injected with *H-thymidine in
a dose of 3.7 MBq/100 g one hour before sacrifice.
The proliferative pool was evaluated by injections of
*H-thymidine every 5 h for 24 h. For evaluating mito-
tic activity, colchamine in a dose of 1.5 mg/kg was
injected 4 h before sacrifice. Four or five rats from the
control and experimental groups were examined for
each period of the study. A total of 129 animals of
different age were used. EGF (“Diagnosticum” Labo-
ratory, Institute of Hematology and Blood Transfu-
sion, Lvov) was injected at 9.30 in a dose of 0.5
mg/kg. The number of labeled cells (RI) and mitoses
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blocked with colchamine (MI..) were evaluated in
histological preparations after examination of at least
15,000 hepatocytes. The label index and mitotic index
were expressed in promilles. The duration of mitosis
was evaluated as described previously [3]. The signifi-
cance of differences was evaluated using Fisher—
Student 7 test.

The intensity of fluctuations in the cell prolife-
ration values was evaluated by the rhythm amplitude,
which was determined as the ratio of the maximum to
minimum value.

RESULTS

The liver of 3-day-old rats was studied over 16 h (Table
1). An increase of RI at 13.00 was noted during this time,
with the minimum cell labeling index at 21.00 (p<0.01).

The amplitude of RI fluctuations was 3.29 for the
mean number of 2.15%o labeled cells during the stu-
died period. Injection of EGF modified the time course
of DNA synthesis in hepatocytes. The index of labeled
nuclei was maximum at 17.00 and minimum at 21.00-
1.00, the mean RI decreased by 38.1%. The amplitude
of RI fluctuations somewhat increased (to 3.4), which
attests to more synchronous entry of hepatocytes in the
DNA production phase under the effect of EGF.

Mitotic activity also varied during the observa-
tion. The greatest number of blocked mitoses in the
liver of control rats was observed at 13.00-21.00, the
minimum number at 21.00-1.00. The amplitude of
Ml fluctuations was 2.5, the total number of mitoses
3.53%. After injection of EGF mitotic activity increa-
sed by 31.7%, the increase was most pronounced du-
ring hours, when this parameter was the lowest in the
control. Due to this, the amplitude of Ml fluctuations
decreased to 1.5.

A clear-cut circadian rhythm of DNA production
with the maximum at 9.00, minimum at 1.00 (p<0.01),
and amplitude of 5.4 was observed in the liver of
7-day-old rats (Table 2). It is noteworthy that the next
day at 13.00 RI value did not correspond to the value
detected at 13.00 on day 1 of the experiment. Hence,
the rhythm of DNA production in hepatocytes of
7-day-old rats should be regarded as circahoralian,
with a period of about 21. RI decreased for a short
time after EGF injection and then increased to the
level 2-fold higher than in the control. The amplitude
of RI fluctuations at this term of the study decreased
to 3.2.

Changes in mitotic activity in 7-day-old animals
over 24 h were characterized by a curve with two
peaks at 13.00-17.00 and at 5.00-9.00 and minimum
values at 17.00-21.00. The rhythm amplitude equal to
2.8 indicates poor synchronization of mitotic division
in rats of this age. The time of mitosis also changed

TABLE 1. Dynamics of DNA-Synthetic and Mitotic Activities of Hepatocytes in 3-Day-Old Rats after Single Injection of EGF
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Note. *p<0.05, **p<0.001 compared to the control (intact animals). Here and in Tables 2, 3: “-”: suppression; “+”: stimulation.
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over 24 h: from 0.3-0.4 h at 13.00-21.00 to 1.3-1.5 h
in the night and morning hours (21.00-5.00). The
mean circadian duration of mitosis was 0.9 h. The
total number of mitoses over 24 h was 4.23%.. After
injection of EGF mitotic activity appreciably increased
at all terms of the study, but the two-peak pattern of
the mitosis rhythm was preserved.

The amplitude of Ml increased to 4.2. This was
paralleled by a sharp increase in the amplitude of fluc-
tuations in mitosis duration over 24 h, the mean cir-
cadian value increased to 1.5 h. Total number of cells
divided over 24 h was 54% higher than in the control.

The peak of DNA-synthetic activity in 12-day-old
rats (Table 3) was observed in the morning hours,
similarly as in 7-day-old ones, but the passive phase
of the rhythm was shifted to the daytime. Similarly to
7-day-old animals, RI values at 13.00 on days 1 and 2
of the study did not coincide, that is, the period of
DNA synthesis rhythm deviated from the circadian. A
specific feature of DNA synthesis rhythm was a low
level of synchronization: the amplitude of RI fluctua-
tions over 24 h was 2.0. Injection of EGF increses the
number of DNA-producing cells at some terms of the
study, by 20% increased the mean circadian index of
label, an appreciable (to 4.6) increased the amplitude
of RI in comparison with the control. The proliferative
pool (or circadian growth fraction) was evaluated in this
series of experiments; it amounted to 6.99+ 1.09%o.

Like in 7-day-old rats, the rhythm of mitotic acti-
vity was characterized by an acrophase from 5.00 to
9.00, but the active phase of the rhythm was prolonged
and lasted from 21.00 to 13.00. Coincidence of the
mitotic index in the same hours of days 1 and 2 of
experiment indicates that the circadian rhythm of cell
division is established in this age group. The amp-
litude of Ml (3.94) indicates a sufficiently high de-
gree of synchronization of mitotic division over 24 h.
The total number of cells divided over 24 h (6.37%o)
is very close to the proliferative pool value. This fact
suggests that DNA synthesis in hepatocytes at this
stage of postnatal development mainly provides the
growth of the organ at the expense of mitotic division.
Injection of EGF did not lead to appreciable changes
in the mitosis rhythm amplitude (3.8), but caused a
significant (by 24.6%) decrease in the number of cells
divided over 24 h.

After injection of EGF the proliferative pool of
hepatocytes increased by 222.2% and reached 22.52+
7.41%0 of the control. This paradoxical decrease in
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mitotic activity against the background of increased
hepatocyte proliferative pool can be explained by, first,
intensification of liver cell polyploidization under the
effect of EGF and second, by the effect of exogenous
EGF on mutual transition of hepatocytes between the
proliferative and balloting pools, whose presence in
proliferating cell systems was previously proven [4].

Hence, the rhythm of cell division forms during
the early postnatal period in rats. Postnatal cell pro-
liferation in rat liver is synchronized from day 21 of
life and is determined by the emergence of circadian
rhythm of corticosterone concentration in the plasma
[7]. However, our results indicate that starting from
day 3 of life the number of proliferating cells varies
over 24 hours. Such rhythm parameters as the time of
the acrophase and passive phase, duration of mitosis,
mean circadian DNA-producing and mitotic activities
are changing. EGF is an important factor regulating
hepatocyte multiplication. Its proliferative effects seem
to reflect the influence on the mechanisms controlling
cell transition into DNA production phase and mitosis
and determining the duration of mitosis and hepato-
cyte release from mitotic cycle into silent populations.
The type of these effects depends on the rat age. Onto-
genetic characteristics of the effect of EGF can be
explained by specific features of its reception. It is
known that the binding capacity of receptors for this
growth factor in liver cells varies during the first month
of life [6].

REFERENCES

1. G. A. Dolinskii, V. B. Zakharov, S. G. Mamontov, et al.,
Spatial and Time Organization of Ontogeny [in Russian],
Moscow (1998), pp. 118-121.

2. V. B. Zakharov, S. N. Smirnov, S. G. Mamontov, et al., Ibid.,
pp. 122-123.

3. S. G. Mamontov and V. V. Sinel’shchikova, Zh. Obshch.
Biol., 39, No. 1, 100-111 (1977).

4. V. L. Prilutskii and Yu. A. Romanov, Regeneration and Cell
Division [in Russian], Moscow (1968), pp. 320-327.

5. Yu. A. Romanov, Problems of Space Biology [in Russian],
Moscow (1980), Vol. 41, pp. 10-56.

6. J. Aim, J. Lakshmanan, S. Hoath, and D. A. Fisher, Pediatr.
Res., 23, No. 6, 557-560 (1988).

7. H. Barbason, F. Fourre, and C. Focan, Pathol. Biol. [Paris],
51, No. 4, 210-211 (2003).

8. K. Heikinheimo, R. Voutilainen, R. P. Happonen, et al., Int.
J. Dev. Biol., 37, No. 3, 387-396 (1993).

9. H. S. Park, R. A. Goodlad, D. J. Ahnen, et al., Am. J. Pathol.,
151, No. 3, 843-852 (1997).




