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In this study the early perinatal development of cat and dog ovaries was studied
using light microscopy. We observed that primordial germ cells migrated to-
wards the gonadal anlage and became incorporated into the surface epithelium.
Proliferating primordial germ cells represented a basal store of germ cells
within the ovary cortex. These germ cells then lined up into a typical cord-like
arrangement within the cortico-medullary region. The basal pool of follicular
granulosa cells originated from the dividing cells of the surface epithelium.
The appearance and the origin of these cells differed from the interstitial
elements (cells of connective tissue) of the ovarian cortex. The original cortical
elements formed a layer of theca folliculi interna around the growing ovarian
follicles.

cat; dog; ovaries; development; surface epithelium; primordial germ cell; ovarian
follicle

INTRODUCTION

The female gonad develops from three different tissues: 1) the coelomic
epithelium, 2) the mesenchyme of part of the mesonefric ridge, and 3) the
mesonefric tubules which grow towards the gonad, enter it and form the rete
ovarii. The coelomic epithelium forms the surface epithelium of the ovary.
Mesenchyme and rete tubules form the tissue of the medulla and they popu-
late the cortex together with the germ cells. The granulosa cells, which be-
come attached to the surface of the oocyte during the folliculogenesis, could
therefore arise from cells of the surface epithelium, the mesenchyme, or the
rete ovarii (Peters 1978).

Twenty or thirty years ago, some authors observed that the exterior of the
mammalian ovary is covered by the ovarian surface epithelium. This epithe-
lium is formed by peritoneal mesothelium descending from the mesovarium.
At the same time, the presence of oocytes was described within this epithe-
lium. Based on these reports, it was incorrectly assumed that the neoforma-
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tion of oocytes occurred within the ovarian surface epithelium and that oo-
cytes moved from the ovarian surface epithelium to the ovarian cortex. This
hypothesis led some investigators to describe the surface epithelium as the
germinal epithelium. This designation appears to be wrong, since the ovarian
surface epithelium obviously does not represent the source of germ cells
(Franchi etal., 1962; Odor, Blandau, 1969).

Several authors (Kurilo, 1980; Kurilo, Teplyakova, 1986;
Kurilo etal., 1987) suppose the germ cells moved from the medulla to the
cortex during the ovarian development. They assumed that germinal epithe-
lium serves only as a covering epithelium and is not the source of germ cells.

In cattle, the formation of ovarian follicles is completed just before birth.
At this moment (i.e. at the neonatal period), many atretic and degenerated
follicles can be observed (Komarek et al., 1969).

According to Harrison and Weir (1977) primordial follicles start to
develop in the rat during the neonatal period when resting oocytes grow and
become associated with a single layer of granulosa cells which begin to
proliferate.

Based on their exhaustive study, Makabe et al. (1989) state that pri-
mordial germ cells (PGCs) are present both in the ovarian cortex and the
ovarian medulla when the ovarium is differentiated into these two parts
during the advanced stages of ovarian development. Clusters of oogonia and
oocytes then arise from the PGCs proliferating in the cortical part of the
ovary. Both coelomic epithelium and the mesonephric cells contribute to the
formation of early follicles. During this stage, the surface epithelium is sepa-
rated from the underlying tissues by a basal lamina. Germ cells that had
previously been asssociated with the most superficial area of the ovary, be-
come incorporated into the surface epithelium. From this location they can
be finally eliminated into the peritoneal cavity.

Korfsmeier (1983) studied the kitten ovary in the period from 2 to
16 weeks. He found many primordial follicles in the peripheral cortical re-
gions. The chromosome arrangement in oocytes indicated they had undergone
the later stages of meiosis.

In the dog, cells of the surface epithelium form cords which penetrate
deeply into the ovary. Many of these cords lose their connection with the
ovarian surface and they usually contain oocytes. Small follicies can form
within these cords or in their close neighbourhood. Based on these data

Andersen and Simpson (1973) suggested that the cord cells may dif-
ferentiate inta granulosa cells. At the same time, degeneration of oocytes and
follicles was seen within the surface cords. This indicates that the surface
epithelium can play an important role in the discarding of degenerated ova-
rian structures.
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In their ultrastructural and quantitative study Wo rdinger cF al. (1990)
were concerned with the development of mouse neonatal (.)vanan‘sgrtjzécei
epithelium. They described it as a simple squamous or a snane cuboi a
epithelial layer with a distinct basal la1~nma‘ They also Observe‘d t Aa]t prxmpl;
dial follicles located in the periphery of th.c ovary cortex mter.a(,t w_nt h ()dva(;lgl
surface epithelium. Oocytes within the primordial follicles are surroun eﬂ . y
a single layer of squamous granulosa cells and thf:y can .mlgrate among the
ovarian surface epithelial cells. Oocytes can pass dlrecllly into tbe .pe'rlovarl‘an
space without loss of epithelium or granulosa. The portion .of migrating oocy-
tes reaches its maximum during the first week afte.r the bn:th. i

Hiura and Fujita (1977) investigated a similar mtuaugn in mouse
oerm cells from the ovarian surface. They conmdereq the extrusion of' germ
zells into the coelomic cavity as one of the mechanisms for a reduction in
the number of germ cells in the mouse ovary. ‘ .

Jirdasek (1992) investigated the develppment of hpman .ovar}es,‘ Th;cl
surface epithelium of fetal ovaries forms a single layer of cuboidal cells:and
contains numerous oogonia. The perinatal human ovary can be characterize
by the presence of growing multilaminar primary follicles or secondary ve-
sic icles. ‘ _
blcl(l}lc:ﬂcfc;)]nl \; ald and Moor (1989) distinguishec_l two t_ypes of prmilordlﬂal
follicles: a) peripheral clusters of small oocytes 'W.lth an mcqmplet.c.mvzs[(;
ment of granulosa cells, and b) deeper lying individual chylcs, suuoulrégz
by a complete layer of pregranulosa cell‘s. Makabe and Motta ‘(. )
described a similar relationship between follicular cells and germ cells in the
human embryonal ovary. ' _ .

The aim of this study was to investigate the dynam1c5 of ovarian surface
epithelium in kitten and dog ovaries during the cf"u‘ly perinatal period zmc.1 t(i
test the hypothesis that the ovarian surfac‘e eplthellum can serve as a germina
epithelium during the transient period of ovarian development.

MATERIAL AND METHODS

Experimental ovarian tissue was removed from a newborn kit.lcn (Fqlts.
domestica) on day 1 and day 10 and week 6 and week 11 .uflcr birth. Al‘tc(li
decapitation, the abdominal cavity was opened and the ovaries wereirem({ve’
and cut into very small pieces. These tissue blocks were lmme‘rsed in a 1xx‘.1—
tive solution (2.5% glutaraldehyde in 0.2 M phosphatg b.ufier). NewaIAn‘
female dogs (Canis familiaris) were sacrificed by decelpltqtlon several hours
after birth. After opening the abdominal cavity, the ovaries were ‘removed,
cut into small tissue blocks and immersed in a glutaraldehyde hxatlor}.. Then
the ovarian tissue was prepared for routine electron microscopy (postfixation
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with 1% OsOyq in the same buffer, dehydration in ascending concentrations
of alcohols, infiltration with medium and embedding in Durcupan ACM).
Semithin sections (1-1,5 um) were prepared from the Durcupan blocks using
a glass knife on a ultramicrotome Reichert ultracut E and these sections were
stained with a 0.5% azure II. solution in a 0.2 M phosphate buffer (pH 8).
These stained sections were observed and photographed in a Jenalumar light
microscope (Carl Zeiss, Jena).

RESULTS

Analyzing the histological material, we focused especially on the ovarian
surface epithelium and on the cortical part of the ovary just under this surface
epithelium. We further observed the clusters of primordial germ cells (PGCs)
and the primordial follicles.

Cat ovary - 1 day after birth

The surface of the neonatal kitten ovary is covered by simple cuboidal
epithelial cells arranged in one or two layers. The cytoplasm of these epi-
thelial cells stains very expressively. These cells contain a very pleiomorfic
nucleus in which one or several prominent, excentrically placed, nucleoli are
present. Within this surface epithelium, a small number of markedly greater
and lighter cells can be distinguished (Fig. 1). The stainability of their cyto-
plasm rapidly diminishes, and their nuclei are conspicuous and dense. We
observed distinct mitotic figures in the nuclei of these cells indicating their
mitotic activity (Fig. 2). These light elements are taken to be PGCs. Con-
comitantly with PGCs division, the proliferative activity of neighbouring
epithelial cells was also seen. During further ovarian development, the pro-
liferating epithelial cells surrounded the daughter PGCs and formed a com-
plex which entered the cortical part of the ovary. The interstitial elements of
the ovary were derived from these cells of epithelial origin. Interstitial ele-
ments surrounded the clusters of light PGCs and separated them from the
adjacent ovarian stroma. (Fig. 3, 4). At this stage of ovarian development, the
cortical part was formed by the interstitial elements which were arranged in
network-like structures and were accompanied by a few collagen fibers with
small amounts of smooth muscle cells. The cords of big light germinal cells
were closely surrounded with small, very dark elements, which penetrated
this network. Comparing the number of mitoses within the PGCs and the
surrounding interstitial elements, we have to state that the latter ones prolife-
rated more intensively. Interstitial elements representing potential fibroblasts
penetrated gradually into cords or clusters of PGCs and separated them.
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I. Kitten ovary, Ist day after birth. Light PGC (arrowhead) within the surface epithelium.
A cord of daughter cells (co) emerges into the connective tissue; x 1 530

Completely separated germ cell represented the basis for the formation of
primordial follicles. Interstitial quasi-fibroblasts are arranged into a single
layer of granulosa cells which was separated by the distinct lamina basalis.
During the Ist postnatal day, primordial follicles in the kitten ovary were
observed only rarely. In several cases we observed the degeneration of big
light germinal cells. Some of these cells also left their position within the
ovarian surface epithelium and they were discarded from the ovary into the
peritoneal cavity (Fig. 3).

Cat ovary — 10 days after birth

Germinal cells were present within the cuboidal surface epithelium and
proliferated very intensely. Emerging daughter PGCs gradually penetrated the
cortex (Fig. 4). In this ovarian region PGCs became surrounded with fi-
broblasts and primordial follicles, with a simple superficial layer of granulosa
cells, were formed (Fig.5). At this stage, the potential of PGCs within the
ovarian surface epithelium is reduced. Cells bulged above the ovarian surface
and they left the ovary for the peritoneal cavity. PGCs liberated into the
peritoneal cavity were degraded and absorbed.
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2. Kitten ovary, Ist day after birth. Dividing PGC with the mitotic figure (m); x 1 530

Cat ovary — 6 weeks after birth

.Cuboidal epithelium at the ovarian surface became flattened. The surface
epithelium contained only a limited portion of the big light PGCs and these
cells were separated from the clusters of PGCs in the cortex. The cortical part
of the ovary contained the primordial follicles, each of them being surrounded
with a layer of flat connective tissue elements transforming into granulosa
cells. In addition to primordial follicles, several unilaminar primary follicles
as well as multilaminar primary follicles, were seen. ’

Cat ovary — 11 weeks after birth

At this stage of development, the surface of the ovary was covered by flat
epithelium with small regions of cuboidal epithelium and big light PGCs were
not observed there. As the neonatal ovarian development continued, the sur-
face epithelium became separated from the cortical part by newly formed and
gradual]y thickening tunica albuginea, which contained fibroblasts, collagen
fibers and a few scattered capillaries. The cortical part of the ovary \i/as
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3. Kitten ovary, Ist day after birth. The extrusion of two germ cells (arrowhead) from the surface
epithelium into the peritoneal cavity; C - cluster of PGCs in the cortical part; degenerating PGC

with a disrupted cell membrane (arrow); X 1 530

characterized by the presence of numerous primordial as well as unilaminar
primary follicles (Fig. 6). There were numerous growing multilaminar pri-
mary follicles and a few secondary vesicular foilicles with increasing antrum
in the deeper regions of the ovarian cortex. Atretic follicles containing ab-
normal or degenerative oocytes were also observed in the cortex.

Dog ovary — 1st day after birth

The ovarian surface epithelium was formed by a continuous layer of
squamous cells (Fig. 7). Clusters of PGCs were concentrated preferentially
within the cortical part where strong proliferative activity was seen. The size
of the clusters of PGCs increased. These clusters were surrounded with dark
clements of connective tissue which separated individual PGCs. During fur-
ther development these cells were transformed into typical granulosa cells.
At the same time, primordial follicles began to form (Fig. 8). The cortical
part of the ovary was rich in clusters of PGCs and was clearly separated from
the surface epithelium by a layer of sparse connective tissue.
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4. Kitten ovary, 10th day after birth. Cortical part with the cord (co) of proliferating PGCs. The
whole cord is covered with many dark cells derived from the surface epithelium; x 600

DISCUSSION

Our morphological and light microscopical analysis of folliculogenesis in
a newborn female cat and dog showed that the ovarian surface epithelium
takes part in the formation of follicles. Our observations are in agreement
with the hypothesis of Makabe etal. (1989). These authors postulated that
the cells of coelomic epithelium may attract PGCs whereas mesonephric cells
induce both migratory and proliferative activities of germ cells. When PGCs
reach the gonadal tissue, they undergo rapid meiotic divisions and thus, in-
crease in their numbers. After entering the gonads, proliferating PGCs be-
come evenly scattered among the somatic elements. PGCs tend to occupy the
most superficial areas of the ovary but some PGCs can also be observed in
more internal regions of the developing ovarian medulla.

We found big light cells within the ovarian surface epithelium and we
identified them as PGCs. We suppose that these big light cells migrate among
the dark cells of the surface epithelium. The incorporation of PGCs into the
superficial ovarian epithelium probably represents an impulse for the inten-
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5. Kitten ovary, 10th day after birth. Slightly flattened PGC (arrowhead) »Yhich progresses into
the peritoneal cavity; CV — cluster of PGCs surrounded with dark cells derl}/ed from thé surfgce
epithelium, S — separation of a PGC from the epithelium is clearly visible, P - primordial
follicle, empty arrow — primary follicle; x 1 530

sive division of PGCs. Daughter cells derived from basal PGC then form
a cord which penetrates the ovarian stroma (Makabe etal., 1989). F ran-
cavilla etal. (1990) described a similar situation in the human fetus in the
7th week of intrauterine life. The cords of PGCs, lying within the ovarian
cortex may show an amoeboid movement. The body of PGC may occasion-
ally exhibit pseudopodial-like cell processes represented by one or two amoe-
boid prolongations. The amoeboid features of PGCs during the egrly gtages
of ovarian development suggest the possibility of active local migration Qf
PGCs towards the epithelial covering the gonad. When PGCs complvete their
proliferation, some of them remain in the ovarian surface epithelium and
become separated by connective elements from the cord of daughter PGC§.
Many PGCs may be released from the ovary surface and final}y los‘t. Thls
phenomenon is most clear and most frequent just after the formation of tunica
albuginea.

Our results directly correspond with the work of Wordinger et al.
(1990). They reported that the number of oocytes migrating through the
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6. Kitten ovary, 11th week
after birth. Cortical part
contains the primordial fol-
licles (P) as well as the pri-
mary follicles (empty ar-
row); x 850

surface epithelium gradually increases from birth up to the age of several
days after parturition. Then the oocyte migration starts gradually to decline.
The oocyte migrate among the cells of the surface epithelium and is finally
released into the peritoneal space. We observed that cells adjacent to the
surface epithelium proliferate very intensely and their daughter cells begin to
surround the cord of PGCs and thus separate this cord from the stroma.
Byskov (1986) described the same situation in deeper layers of mouse
ovarian cortex. The “accompanying™ somatic cells proliferate and separate
the clusters of germ cells originated from the individual PGCs. This process
represents the start of the development of primordial follicles. Accompanying
cells are the source of granulosa cells, because they form a single layer on
the surface of germ cells and they completely surround the oogonia. Lamina
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7. Dog ovary, Ist day after
birth. Ovarian surface epi-
thelium (arrow) and cluster
(C) of PGCs is surrounded
incompletely with the dark
cells; x 1 530

basalis, which is present around the whole follicle, separates it from the
adjacent loose connective tissue of the ovarian cortex. During further dev.el—
opment PGCs complete their proliferation. On the other hand, tl}e cells. adja-
cent to the PGCs proliferate in the ovarian surface epithelium WIthogt
cessation. PGCs are gradually eliminated from the surface epithelium. A thin
layer of connective tissue separates the surface epithelium from the cortex
which is rich in newly formed primordial follicles (Makabe et al., 1989):
The further differentiation of the ovary continues through the formation of
new primordial follicles which increase in the number. When the devclol?—
ment of primordial follicles is finished. several follicles begin to “wake up™.
They transform into unilaminar primary follicles and begin to grow. It"musl
be emphasized. that the development of ovarian follicles is completed in the
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8. Dog ovary, lst day after birth. In this case the clusters possess a complete cell layer on the
surface. These flat cells (arrow) separate PGCs ( C ) from adjacent connective tissue; x 600

perinatal period in most species of mammals. Contrary to this, the carly stages
of folliculogenesis continue without cessation after parturition in the cat and
in the dog the earliest folliculogenesis just before its completion at the mo-
ment of parturition. The cat is born in the stage when oogonia are formed
from the PGCs. This means that the ovary in a newborn cat can be charac-
terized by the multiplication and increasing of germ cells. On the other hand,
Korfsmeier (1983) still found numerous primordial follicles in pubertal
cat ovary.

In humans primordial follicles can be detected during the 18th week of
intrauterine life Makabe et al., 1989; Wartenberg, 1989). The stage
of ovarian development in a newborn animal clearly affects the differentiation
of ovarian follicles (Stein, Anderson, 1981). The cuboidal cells which
form the surface epithelium in the cat ovary may be arranged in two layers
just after birth. These cells gradually become flat and squamous. Flattening
of the epithelium is clearly displayed 6 weeks after birth. Squamous surface
epithelium is present in the cat ovary 11 weeks after birth. In the newborn
dog, the ovarian surface epithelium is very flat yet from the 1st postnatal day.
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In the cat, PGCs are present in the ovarian surface epithelium up to
6 weeks after birth. On the other hand, the dog ovarian surface epithelium
does not contain PGCs after birth. During the subsequent stages of the devel-
opment, the ovarian surface epithelium becomes separated from the ovarian
cortical part by a thin layer of connective tissue which does not contain any
follicles. In the cat this process takes place 6 weeks after birth. In the dog,
a similar situation can be observed just before birth. In the cat ovary, the
connective tissue elements begin to penetrate among individual oogonia ar-
ranged in clusters and these elements separate oogonia through their fine cell
processes. The primordial follicles are formed with one layer of granulosa
cells at the ovarian surface during the 6th week of postnatal development.
Growing unilaminar primary follicles as well as multilaminar primary folli-
cles can be seen very rarely. More intensive development of primary follicles
appear during the 11th week of postnatal life. In the dog, the development of
primordial follicles starts earlier and can be detected from the Ist day after
birth.

Based on our data, we can conclude in agreement with Jirdsek (1994 —
personal communication) that the ovarian surface epithelium serves as a ger-
minal epithelium. We also observed that PGCs begin to proliferate intensely
and form cell cords after their first contact with the surface epithelium. These
cords emerge from the surface into the cortical part of the ovary, which means
that they migrate from the medulla part of the ovary into the cortex and give
rise to the formation of primordial follicles within the cortex of the ovary.
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Ovaridlni tkafi kotky a psa v Casné perinatdlnim obdobi (kocka — [. a 10. den,
6. a 11. tyden po narozeni, pes — 1. den po narozeni) byla studovdna na Grovni
optického mikroskopu. Tkaiiové blogky byly fixovany a zality do umélé pryskyfice,
krdjeny na ultramikrotomu na polosilné fezy (1-1,5 im) a barveny roztokem azuru
I1. Na takto pfipravenych preparétech byly hodnoceny: povrchovy epitel ovaria s ko-
rovou asti lezici t&sn& pod nim, shluky a provazce primordidlnich zarodecnych bu-
nék a formujici se primordidlni folikuly.

Povrchovy epitel je tvofen kubickymi, vyrazn& se barvicimi buiikami uspofddany-
mi do jedné, maximalng dvou vrstev. Bylo zjisténo, ze primordialni zarode¢né buiiky,
velice svétlého vzhledu, se migraci pfibliZi k zdkladu ovaria a zapoji se do jeho
povrchového epitelu (obr. 1). Na nékterych mistech bylo pozorovdno déleni téchto
clementi s tvorbou mitotickych figur (obr. 2). Proliferujici zdrodecné buiiky vytvéieji
shluky (obr. 3 a 5) a provazce (obr. 4) v korové &asti ovaria. Soub&zné s délenim
primordidlnich zérode¢nych bungk se d&li i sousedni butiky povrchového epitelu,
postupné obklopuji tyto shluky a provazce primordialnich zdrode¢nych bunék a spolu
s nimi postupuji do korové &asti ovaria (obr. 3, 4 a 5). Karu ovaria v ¢asném perina-
talnim obdobi tvofi vazivové buiiky, sitovité uspofadané, vazivova vlikna prevazné
kolagenni a malé mnoZstvi bunék hladké svaloviny. Do této sité se postupné zanotuji
zminéné shluky nebo provazce primordidlnich zdrodecnych bunék. Tmavé, mensi
buitky na povrchu t€chto tdtvard je nejen kryji, ale pronikaji i dovniti do dtvari
a jednotlivé zarode¢né buiiky tak od sebe oddgluji. Zcela oddélend zdrodetna buiika
tvoii zaklad primordidlniho folikulu (obr. 5). Z obklopujicich elementl se formuje
jedna vrstva plochych granuloznich bunék. U kotat jsou 1. den po narozeni primor-
dialni folikuly pfitomny jen ojedinéle, u St€fat jsou 1. den po narozeni pfitomny zcela
b&Zné. Potencial zdrodednych bungk v povrchovém epitelu ovaria je béhem perina-
talniho vyvoje postupné redukovdn, a to tim zplsobem, Ze nékteré primordialni zd-
rodeéné buiiky se za¢nou vyklenovat z povrchového epitelu (obr. 3 a 5) smérem do
peritonealni dutiny, postupné jsou z epitelu eliminovany a vstiebdny v duting bfisni.
U kotéte 6. tyden po narozeni je pozorovano oplostovani povrchového epitelu. Ku-
bicky epitel se postupné méni na epitel plochy, dlazdicovy. V tomto epitelu se jeSte
ojedinéle vyskytuji velké svétlé zarodedné buiiky. Korovd ¢dst ovaria je charak-
terizovdna pritomnosti primordidlnich a v malém mnoZstvi i primarnich folikult
s jednou vrstvou plochych granuloznich bunék. 11 tydnii po narozeni je povrchovy
epitel jiz zcela oplostély a nenachdzime v ném 74dné primordidlni zdrode¢né buiiky.
Mezi korovou &sti ovaria a povrchovym epitelem se vytvofila vazivova tunica albu-
ginea. V kiife jsou piitomny primordidlni a primérni folikuly, v hlubsich vrstvach pak
i malé mnoZstvi rostoucich folikulii. Rada folikulii jiz podléhd atretickym zménam.
Na povrchu rostoucich folikulil je tvofici se vazivova theca Jolliculi interna.
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nebot jiZz prvni den po narozeni jsou v ovariu pfitomny primordidlni folikuly.

Z prace vyplynulo, Ze primordidlni zdrodecné buiiky cestuji od dfené, resp. z hlub-
Sich vrstev kiry ovaria smérem k povrchovému epitelu a po kontaktu s nim se zaci-
naji intenzivné délit. Tim vytvafeji provazce a shluky novych bunék rostoucich
smérem od povrchu do kiry ovaria, kde se z nich formuji primofdizilni folikuly.

koc&ka; pes; vaje¢niky; vyvoj; povrchovy epitel; primordidlni zdrodec¢na buiika; pri-
mordialni folikuly
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