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SUMMARY

The role of the rete ovarii in early ovarian development has been discussed. The presence
of the rete is necessary for the onset of meiosis as well as for early follicle formation.

Discussing the role of gonadotropin in follicle growth experiments are reported in which
PMSG is injected into 3 week old mice. Follicle counts which distinguish between healthy and
atretic follicles show that PMSG does not increase the total number of large follicles but changes
the balance between healthy and atretic follicles. It is suggested that gonadotropin rather than
stimulating resting follicles to grow, prevents already growing follicles from becoming atretic.

Finally, a short report is given on the development of the human ovary in childhood. The
analysis of ca. 50 ovaries at different ages shows that the ovary during childhood is not a quiet
organ but one that shows follicle growth at all ages.

INTRODUCTION

During the past few years a considerable amount of information on the deve-
lopment and maturation of the ovary has become available and I would like to choose
three topics for discussion : First the influence of the rete ovarii on early ovarian
development which recently has been elucidated, will be examined. Furthermore
a report will be given on recent contributions to the question of the role of gonado-
tropin in follicle growth and atresia.

Finally the development of the human ovary in childhood will be discussed and
the question will be raised whether it is a quiet organ or whether follicle development
begins already early in life.
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THE ROLE OF THE RETE OVARII IN THE ONSET
OF MEIOSIS AND FOLLICLE ORGANIZATION

It is known that the primordial germ cells arise outside the gonadal anlage and
migrate into the primordial gonad (EVERETT, 1943 ; WITSCHI, 1948). During their
migration the germ cells divide mitotically and thereby increase their number. The
germ cells of a female multiply for a time within the gonad but at a certain stage of
development they cease to multiply and enter meiotic prophase. The stimulus to
this change in behaviour of the female germ cell has remained obscure. Recent inves-
tigations have shown that the rete ovarii plays a decisive role in this process (BYskov,
1974 a). That the onset of meiosis is actually dependent on the presence of the rete
ovarii was shown by Bvsgov (1974 b) in transplantation experiments. Gonads of
12 day old mouse embryos were used. At this age the rete tubules have not yet grown
into the gonad and meiosis has not started. The ovary was divided in such a way
that one part contained extraovarian rete, while the other consisted of ovarian tissue
without rete. The two parts were inoculated subcutaneously into adult nude mice.
14 days later the tissue was removed for examination. In the part of the ovary that
contained rete, meiosis was induced, oocytes developed, oogonia were not seen any
more. In the part that had grown without rete, meiosis was not induced, oogonia
persisted, oocytes did not develop.

Detailed histologic examination of the ovaries of mice, cats, ferrets and mink
at the time meiosis starts revealed heavily secreting rete cells and « open connec-
tions » between the rete system and the germ cells, allowing cellular contact (Byskov,
1975). Those germ cells which come in contact with the rete cells first, enter meiosis
first. Byskov suggests that rete cells free a factor which triggers meiosis. The rete
cells are also essential in the organization and early formation of the follicles. If the
rete is removed before the embryonal gonad is cultured under the skin of the nude
mouse, follicles do not form while they develop normally when the rete is left in
connection with the gonad before transplantation is done (Bvskov, unpublished).

Thus in the young gonad the rete ovarii, its cells and possibly its secretion play
a very critical role. It is essential for the triggering of meiosis as well as for the
organization of the small follicles.

FOLLICLE GROWTH

Around the time of birth all cocytes are organized and enclosed in small folli-
cles which form the pool of non-growing follicles. Soon after birth some begin to
develop. Follicles start to grow at all times and at all ages. Though the number
starting to develop is not the same at all ages (PEDERSEN, 1973), the start of follicle
development is continual. It has been found in infancy (PETERS, 1969), in maturity,
and even throughout pregnancy follicles begin to grow (GREENWALD, KEEVER and
GraDY, 1967 ; PEDERSEN and PETERS, 197I). The beginning of follicle growth
must therefore be considered a continuum (PETERS ¢f al., 1975 a).
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Though many follicles start to grow during infancy only a small number come to
ovulation when the animal becomes mature. It is thought that FSH is responsible
for the recruitment of a set of follicles chosen for ovulation (ScHWARTZ, 1969 ;
WELSCHEN, 1973 ; GREENWALD, 1974). The number of follicles coming to ovula-
tion at the onset of maturity can be increased experimentally by injection of PMSG.
This led to the proposal that follicles grow to a certain stage of development but are
arrested to form a pool of large, reserve follicles from which they can be recruited
(GREENWALD, 1973).

Such a pool of large, non-growing follicles, if it exists, should be easily identi-
fiable in follicle kinetic studies using a radioactive DNA precursor as a label. Resting
large follicles could be identified in autoradiograms (ARG) in 2 ways:

I. In ARG prepared shortly after label injection (immediate ARG) the granu-
losa cells of large follicles that are resting would remain unlabelled.

2. In delayed ARG (i.e. those prepared some days after label injection) folli-
cles that were growing when the label was injected but subsequently had become
reserve follicles would be recognizable as follicles with heavily labelled granulosa
cells. Immediate and delayed ARG have been prepared repeatedly during the
immature as well as during the mature period in mice (PETERS and LEVY, 1966 ;
PEDERSEN, 1973; BYskov, 1974 a). Unlabelled large follicles in immediate ARG or
heavily labelled large follicles in delayed ARG have never been found. It must there-
fore be concluded that follicles grow sequentially without stopping at a point from
which they again can be stimulated to grow.

ATRESIA PREVENTING ACTION OF GONADOTROPIN

We are then left with a dilemma : The fact is that injection of PMSG, during
the late immature petiod, results in an excess number of follicles coming to ovulation
{ZArRrROW and WILSON, 1961). Yet apparently a pool of arrested large follicles ready
to start to grow after stimulation does not seem to reside in the ovary. What action
might the gonadotropin have on the developing follicle ? We would like to propose,
that the gonadotropin, rather than stimulating growth in arrested large follicles, in
fact prevents actively growing follicles from atresia. This atresia preventing effect
becomes evident from several observations.

During the immature period many follicles start to grow and by the time the
mouse reaches the age of 3 weeks the ovary contains an unusually large number of
large follicles (JoNEs and KROHN, 1961 ; GATES, 1971). Most of these become atretic
(IncrAM, 1962) and only a small fraction ovulate at the onset of maturity about
10 days later. Follicle atresia can set in at any stage of development; but it is rare
in the early preantral stages while it is frequent in the late preantral and antral
stages of development (HIMELSTEIN-BRAW ef al., 1976).

In order to evaluate the effect of PMSG on large follicles in 3 weeks old mice,
30 female mice from 6 litters were used. The litters were mixed shortly after birth,
to make experimental and control animals comparable (PETERS ¢f al., 1973). When
they were 21 days old the experimental mice wetre injected subcutaneously with
5 iu. PMSG (Antex, Leo). Eight mice were sacrificed 6 hours later and 1T mice
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12 hours after the injection. Eleven animals were injected with 1 ml NaCl and sacri-
ficed at the same time as the controls. In the serially sectioned ovaries large preantral
(type 5) and antral follicles (type 6 and 7), (PEDERSEN and PETERs, 1968) were
counted ; each section was surveyed and a follicle was counted when the nucleolus
of its oocyte was visible. The follicles were divided into « healthy » and « atretic »
ones. A follicle was considered to be atretic when a single pyknotic granulosa cell or
more were seen on the cross section that was counted.

Already on casual histologic examination a difference between ovaries from
control and experimental animals was noted. Ovaries from PMSG injected animals
seemed to have considerably more « healthy » follicles already 6 hours after the
injection and in the specimens 12 hours later, almost none of them were atretic.
Quantitative analysis confirmed this impression (table 1). In the control ovaries
38 p. 100 of the follicles were atretic. Six hours after PMSG injection their number
was reduced to 15.8 p. 100 (P < 0.001), while 12 hours after injection most of the
follicles were healthy, only 5.2 p. 100 were atretic. The total number of follicles, i.e.
healthy plus atretic ones were not different from the controls. Apparently PMSG
did not increase the number of large follicles but changed the balance between
healthy and atretic ones. Atresia was prevented and follicles continued to grow.

TABLE 1

Percentage of atvetic follicles in normal and PMSG injected 21 days old mice

Total number Per cent
Animals " of large follicles of atretic follicles
Mean ! SEM Mean SEM
i
—_— e !._;‘ [ ,__| -
Control 11 74.1 + 10.7 38,0 4+ 2.9
5 iu. PMSG !
+ 8 6224 8.9 b8 () £ 14
6 hours ‘
5 i.u. PMSG |
+ 1 777 + 3.5 P52 4+ 1.6
12 hours L

(Y) Significantly different from control, P < 0.001.

The atresia preventing action of FSH on granulosa cells has also been shown in
tissue culture (McNATTY € al., 1975 a). Human granulosa cells remained viable
when cultured for 10 days in a serum devoid of LH or Prolactin. However, when
cultured in serum devoid of FSH, only 8 p. 100 of the granulosa cells remained after
10 days, while daily addition of FSH to the culture medium maintained the granu-
losa cells at numbers comparable to the controls. Thus also in culture growth of
granulosa cells is maintained and atresia is prevented when FSH is present.
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That it is the microenvironment within the follicle itself that controls its growth
has recently been shown. McNATTY éf al., (1975 b) determined hormone levels in
the fluid of follicles of different sizes and in the peripheral plasma in women throu-
ghout the menstrual cycle. They came to the conclusion that a precise sequence of
hormonal changes occurs within the follicle during development, which determines
its fate. A rise in FSH maintains the growth of granulosa cells in the early antral
follicle which is stimulated to produce oestradiol. The oestrogen has a two fold
effect : via the extraovarian pathway it influences the gonadotropin secretion and
thereby the growth of subsequent follicles and via its intraovarian, intrafollicular
action it stimulates the follicle which produces the estrogen (for further discussion
see also BAIRD ¢t al., 1975).

THE DEVELOPMENT OF THE HUMAN OVARY IN CHILDHOOD

It is now well established that the development of the ovary between birth and
maturity in all those mammals that have been examined is a very active one. The
human ovary, however, is said to be quiescent and without follicle growth until the
age of about 10 years (v. WAGENEN and SIMPSON, 1973). And yet at menarche the
ovary is a highly competent organ that produces hormones, releases eggs and res-
ponds to hormones for which it is the end organ. Thus it is likely that also in the
human a very active development of the organ must take place during childhood. In
order to investigate whether or not follicle growth, development and atresia are
normal events in childhood, ovaries from children that had died accidentally or after
a very brief acute disease have been examined histologically. These ovaries were
considered to represent organs from normal children. Fifty-two ovaries from children
between the ages of z months and 11 years were available (table 2).

TABLE 2

Huwman ovary in childhood

Stage of ovarian development
Age Number Quiescent Early Actively
Growth Growing
2-11 mo 17 0 2 15
1-31/2 yrs 20 0 1 19
4-11 yrs 15 0 0 15
ToraL 52 0 3 49

The development of the ovary was divided into 3 stages (PETERS ef al., 1975).

1. The quiescent ovary consists of small resting follicles. An occasional prean-
tral follicle might be seen.
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2. The ovary showing early growth contains besides small follicles also many
preantral follicles.

3. The actively growing ovary contains preantral and large antral follicles as
well as atretic follicles, derived from several stages of development.

In all 52 ovaries follicle growth was in progress. Quiescent ovaries in which
follicle growth had not started were not seen. Three cases showed early growth and
all others were actively growing ovaries with varying numbers of antral follicles.
After the age of 6 years the number and size of the antral follicles increased (PETERS,
HiMerSTEIN-BRAW and FABER, 1976). Evidence of past growth, ¢.e. collapsed
follicles and scars were always seen. It was therefore concluded that the normal
development of the human ovary in childhood is also one in which growth and atresia
are the normal events. This finding is in agreement with that in other primates
(v. WAGENEN and SiMPSON, 1973) in which the ovary and follicles develop throu-
ghout the immature period.
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(Redrawn from Faiman and WINTER (1974) with permission from the authors
and John Wiley and Sons, Inc.)

Though follicles develop apparently at all ages during childhood it is not known
yet how active the ovary is in terms of hormone production and response. Hormone
levels in follicle fluid during childhood will necessarily have to remain unknown,
but we have circumstantial evidence of the endocrine activity of the ovary. The
hormone levels during childhood have recently been determined in serum (FAmMAN
and WINTER, 1974) and in urine (PRESL, 1974). FSH levels in serum rise steadily
throughout childhood (fig. 1). The rise is marked after the age of 7 years, i.e. the
age when the number and the size of antral follicles increase notably in the ovaries.
The rise in oestradiol in serum is marked after the age of 10 years (Faimax and
WINTER, 1974) while PRESL (1974) recorded a continuous rise in oestrogen urinary
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excretion already after the age of 6 years. It is therefore likely that already in chil-
hood the human ovary responds to gonadotropins and produces hormones which
reach the general circulation.

Sexual Maturation. 3vd Workshop.
August 31, September 3, 1975.

RESUME

DEVELOPPEMENT ET MATURATION DE I OVAIRE

Dans l'ovaire embryonnaire, la présence du rete ovarii est nécessaire pour l’apparition de
la méiose et le débuit de la formation des follicules. Les cellules du rete doivent libérer un facteur
qui déclenche la méiose.

Pour étudier le role des gonadotropines dans la croissance folliculaire on a injecté de la
PMSG a des Souris de 3 semaines. Le dénombrement des follicules sains et atrétiques montre que
la PMSG n’augmente pas le nombre de grands follicules, mais change le rapport entre follicules
sains et atrétiques. I1 semble que la gonadotropine ne stimule pas la croissance des follicules
au repos, mais empéche les follicules en croissance de devenir atrétiques.

Enfin, I’étude de 50 ovaires humains a différents 4ges montre que pendant ’enfance 'ovaire
n’est pas au repos. On observe une croissance folliculaire & tous les 4ges (2 mois 4 11 ans).
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