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SUMMARY

Comparative studies of oogenesis and prespermatogenesis show that oogonia are the popula-
tion parellel to the dividing gonocytes (I-gonocytes), and that oocytes correspond to the resting
gonocytes (II-gonocytes). Contrary to oocytes, which pass through the characteristic stages of
meiotic prophase, the II-gonocytes do not show any conspicuous morphological changes. After
the oocytes have passed a relatively short G-i phase, they enter the S-phase prenatally in pre-
leptotene stage between days 17 and i8 of gestation. On the other hand, II-gonocytes spend a
very long G-r phase of about 7-9 days before entering the S-phase from postnatal day 3 onwards.
The duration of the S-phase of II-gonocytes, determined by double labeling with 14C and 3H-thy-
midine, is found to be about 11.5 hours. The duration value of the S-phase of the oocytes, deter-
mined by the same method, is comparable to that of the 11-gonocytes. Myleran (Busulfan),
administered i.p. at day 14, 15, or 16 of gestation, destroys oogonia and I-gonocytes ; when given
between days y and 2r of gestation, it reduces the number of supporting cells. II-gonocytes are
also very sensitive to Myleran, and a large number of them degenerate from postnatal day 5 on-

wards. 
°

INTRODUCTION

In a recent report, BAKER (1972) mentions that precise comparative counts of
the germ cells in fetal ovaries and testes of mammals have only been done on rat
(BEAUMONT and MAisnr&dquo; 1962, 1963).

The present study is motivated by a scheme of MAUi<BON (page 129, 1967).
Comparing the scheme of MAULXON with recent studies on the kinetics of gonocytes
(HILSCHER ei al., 1972 a), it is found that oogonia in the rat are the population parallel
to the dividing gonocytes, whereas the oocytes are the parallel cells of the resting
gonocytes (fig. i). In the present study, the dividing gonocytes are called I-gono-
cytes, and the resting gonocytes, II-gonocytes.



Experiments with one of the cytostatic drugs, Myleran, reveal that the vulne-
rability of oogonia is very similar to that of I-gonocytes. When Myleran is injected
i.p. in a single dose on days 14, 15 and 16 of gestation (fig. i) (when the germ cells

are multiplying), the ovaries and testes of 22 day-old fetuses do not reveal the pre-
sence of germ cells. When Myleran is injected i.p. in a single dose between days 17
and 21 of gestation (fig. i) (when oocytes and II-gonocytes are developing), both
types of germ cells are encountered in the gonads examined in 22 day-old fetuses.
However, in contrast to the gonads of the female fetuses which appear rather unaffec-
ted, the male gonads show a very strange aspect. The sex cords are packed with II-
gonocytes, whereas the number of supporting cells is extremely reduced (HILSCHER
et al., 1972 b, c). These results are in agreement with those of COUROT (ig6q.), who
found that the supporting cells in the testes of the very young lamb are very sensi-
tive to X-rays. He also described an increase in the number of gonocytes per cross-
section of the cords, and pointed out that this increase is only relative and there is
no variation in the total number of gonocytes in the testis as a whole.

The present paper presents : i) a quantitative analysis of the effect of Myleran
in the prenatal period of oogenesis and prespermatogenesis ; 2) a report on the fin-
dings in the sex cords and tubules of immature rats receiving Myleran pre- and post-
natally ; 3) some details on the S-phase of oocytes and II-gonocytes.
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MATERIAL AND METHODS

The ovaries and testes of the fetuses and immature rats (Wistay-WU) were fixed in Bouin
solution ; sections were prepared at 3 fLm and stained with hemalum and eosin.

i. Eight pregnant rats received i.p. a single dose of Myleran between days 14 and 21 of
gestation (5 mg per kg body weight at days 14 and x5 J xo mg per kg body weight at days 16, y,
18, 19, 20 and 21). The pregnant rats and fetuses were sacrificed on day 22 of gestation. The
ovaries of 22 fetuses and the testes of 36 fetuses were quantitatively analyzed. The values were
each compared with those of 5 controls. From each animal the quantitative relationship of oocytes
to i ooo somatic cells, or of 1r-gonocytes to i ooo supporting cells, was calculated. The crude
counts are not adjusted to true counts.

2. Two pregnant rats received i.p. a single dose of Myleran on day 18 of gestation (2.5 mg
per kg body weight). The male rats of the first litter were sacrificed at day 13, and those of the
second litter at postnatal day 25.

3. Male rats of four litters received i.p. a single dose of Myleran (10 mg per kg body weight),
and were sacrificed at postnatal days 5, 20, 25 and 30.

4. Ovaries derived from thirteen litter-groups (seven fetal, six neonatal) were used for histo-
logical studies and quantitative analysis of the germ cells. Quantitative studies were carried out
on a total of 48 specimens, derived from 25 fetuses and 23 immature rats aged between 16 days
P. c. and 5 days p. p. i ooo germ cells per ovary were identified as oogonia and oocytes in different
stages, and the average values per litter were determined.

i8 male rats from four litters were injected i.p. with 1.25 !.Cil4C-thymidine, and 4 hours
later injected with 25 !,Ci9H-thymidine. The animals were sacrificed one hour after the second
injection. 9 animals of two litters received the second injection at 4.5 days, 5 animals of the third
litter at 5.o days, and 4 animals of the fourth litter at 5.5 days. In one testes of each animal,
i o00 labeled II-gonocytes were counted and divided into gonocytes labeled only by 3H, those
labeled only by 1&dquo;C, and those labeled by both 1’C and 3H. A distribution frequency of the nuclei
of II-gonocytes was made, corresponding to that of oocytes described below, from one of the
animals receiving the second injection 5.o days p. p.

6. Two pregnant animals were first injected with 100 fLCi14C-thymidine per 300 g body weight
and 4 hours later were given a second injection of 2 ooo yC13H-thymidine per 300 g body weight.
One hour after the second injection, the pregnant animals and the fetuses were sacrificed. The
fetuses were serially sectioned and the slides with ovaries stained with hemalum and eosin. To
distinguish the oocytes with certainty from oogonia, the following procedure was carried out:
As many as i ooo oocytes in all stages of development in the ovary sections were numbered serially
in the corresponding photographs. The diameter of the oocyte nuclei was then measured by means
of an electronic micro-length measuring instrument Wild/Tesa ; then the autoradiographs (G 5-
emulsion, Ilford, Essex) were prepared, and the same i ooo serially-numbered oocytes per animal
were examined whether they were unlabeled, labeled only with &dquo;C or 3H, or double-labeled with
1’C and 3H-together. To determine the relation between the diameter of nuclei and the kind of
labeling, a distribution frequency of the i ooo numbered nuclei of the oocytes of one animal was
made.

RESULTS

i. Table I is based on the crude counts of oocytes and II-gonocytes in relation
to the somatic cells and supporting cells in the female and male litter mates which
received the Myleran between day 14 and 21 of gestation. The normal values are
given at the top of the table for 22 day-old fetuses. In columns 2 and 5, the different
values are shown for animals receiving the Myleran at different days p.c. and sacrificed
in each case at day 22 of gestation. In the male fetuses receiving the Myleran at
different days of gestation, the alteration in the relation between II-gonocytes and
supporting cells is extremely significant statistically (P < o.ooi), in regard to the
control as well as from day to day. Considering the control values in the female





fetuses, there is a statistically significant decrease of the relation between oocytes
and somatic cells of the animals which were treated on day 18 (P < o.oi) and on
day 17 (P < 0.05) of gestation. Furthermore, an extremely significant decrease
(P < o.ooi) can be seen in the relation between oocytes and somatic cells of those
animals receiving Myleran at days 16, 15 and 14 of gestation.

2. The aspect of the seminiferous tubules of the 13 day-old male litter mates
which were given the Myleran at day 18 of gestation, reveals a retardation of sper-
matogenesis. Whereas the tubules of normal controls at this age always contain a
dense layer of spermatocytes, besides supporting cells, the tubules of the treated
animals contain a few degenerating II-gonocytes in mitosis and in interphase with
swollen or pycnotic nuclei and some immature A-spermatogonia. 25 days after birth,
all the tubules of the six male litter mates reveal the presence of spermatogonia.
Besides this, spermatocytes are present in many seminiferous tubules.

3. New-born male rats which received the Myleran immediately after birth show
a high reduction in the number of supporting cells 5 days p. !. On the other hand,
most of the II-gonocytes seem to be unaffected. Contrary to the controls, the sex
cords of the treated animals reveal the absence of II-gonocyte mitoses. 20, 25 and

30 days after treatment, many tubules contain only supporting cells, but there are
also tubules with well-developed seminiferous epithelium consisting of spermatogonia
and spermatocytes.

4. Figure 2 shows the evolution of oocytes between 16 days !. c. and 5 days
p.p. After a relatively short resting stage at days 16 and 17 of gestation, the oocytes



enter the preleptotene stage between days 17 and 18 of gestation. At day 18, oocytes
enter the leptotene stage of meiotic prophase. They enter the zygotene stage at day ig,
the pachytene stage at day 20 of gestation, the diplotene stage at day I of life, and

subsequently the dictyate stage is reached at about day 3 of postnatal life.

5. Table 2 gives the results of the double labeling of II-gonocytes at 4.5 days,
5.o days and 5.5 days !. p. At 4.5 days !. !., there are more II-gonocytes entering
the S-phase as compared to the II-gonocytes leaving the S-phase. At 5.5 days p. p.,
the majority of the II-gonocytes have completed DNA synthesis. Therefore, more
of the II-gonocytes leaving the S-phase are found as compared to II-gonocytes
entering the S-phase. The animals receiving the second injection of IH thymidine
5 days p. p. show a balance in the number of II-gonocytes entering and leaving the
S-phase. This means that, as far as the S-phase is concerned, the II-gonocytes are
in a steady state at postnatal day 5. Thus, the duration of the S-phase is derived
using the 2 formulas for steady-state systems (HILSCHER et al., 1972 a). The duration
of the S-phase of II-gonocytes was found to be about m.5 hours.

Figure 3 a reveals cumulative percentages of the unlabeled, 3H labeled, &dquo;C labe-

led and double-labeled nuclei in respect to diameter. The diameters of the unlabeled
II-gonocytes, which are in G-I phase, are significantly smaller than those of all
types of labeled nuclei. The diameters of the cells in S-phase and G-2 phase show
a continuous increase, but the cumulative percentages of the labeled nuclei are not

significant.



6. Table 2 gives the results of the double labeling of oocytes at day 17 of gesta-
tion. The number of oocytes which enter the S-phase within 4 hours is significantly
higher than that of the oocytes which have completed the S-phase. As the steady
state is not yet reached at day 17 of gestation, it is not possible to know the exact
duration of the S-phase. However, an idea of the duration of this oocyte phase can
be tentatively ascertained. The values obtained are comparable to those of II-

gonocytes.





and 1-gonocytes. On the other hand, oocytes and II-gonocytes seem to be resistent
to Myleran. There is no quantitative change in the number of oocytes and II-gono-
cytes when the fetuses receive Myleran at day 17 of gestation or later ; but while
there is nearly no effect on the somatic cells in the female gonads, the number of
supporting cells is extremely reduced in the male gonads. The results show that
the effect of Myleran on the supporting cells diminishes from day 17 of gestation
onwards (table i). A possible explanation for the vulnerability of the supporting
cells may be attributed to an increased rate of proliferation from day 17 to day
22 of gestation. The mitotic index reaches values of about 3 p. 100 between days
21 and 22 of gestation, when it then falls to 1.5 p. ioo between postnatal days
I and 5. On the other hand, the mitotic index of the female somatic cells is very
low from day 17 of gestation onwards. The mitotic index rises with the beginning
of folliculogenesis. Therefore, a possible explanation for the high resistence of the
female somatic cells to Myleran could be the low proliferation rate before folliculo-
genesis begins (HuscHER ! al., 1972 b, c).

Although II-gonocytes reveal no morphological changes in the first postnatal
days, many of them degenerate or become necrotic on approaching mitosis. This
is in contrast to the behavior of the oocytes (VANH!MS, Ig72). One of the tentative
explanations for the different vulnerability of oocytes and II-gonocytes may be
that they differ from one another at the time of entering the S-phase.

Quantitative studies carried out on the testes of new-born rats after exposure
to X-rays (AREFF, 1973) are in agreement with the results achieved by Myleran.
When the animals receive total body irradiation of 20o r immediately after birth,
the number of supporting cells is highly reduced in the days following the exposure.
Similarly, II-gonocytes seem to be normal up to postnatal day 5, as they are in the
tubules of the rats receiving Myleran as new-born animals. However, instead of
entering mitosis, II-gonocytes degenerate and become necrotic. Only supporting
cells and no germ cells are to be seen in the tubules of 20 and 30 day-old rats,
irradiated immediately after birth. As far as the II-gonocytes are concerned, corres-
ponding observations were reported by FxArrCHi and MArrn!, (ig66).
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RÉSUMÉ

ÉTUDE COMPARÉE DE 1/OVOGENÈSE ET DE LA PRÉSP!RMATOG!NÉS!
CHEZ LE RAT WISTAR

DANS DES CONDITIONS NORMALES ET PATHOLOGIQUES

La comparaison de l’ovogenèse et de la préspermatogenèse dans le foetus de Rat, montre
que la population d’ovogonies est contemporaine de celle des gonocytes en division (gonocytes I)
du mâle et que les ovocytes correspondent aux gonocytes a au repos n (gonocytes II). Pendant que
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