DOI:10.22059/1JVM.2023.367617.1005464 Iranian Journal of Veterinary Medicine Original Article

&
Online ISSN: 2252-0554

NN
\Y
O\
To Try to Understand the Dynamic Procevm Ovary Through
Histological Sections and Cell Culture Stmies

" %
Murat Serkant Unal 1, Seyedm@ﬂliatabaei 1,2

' Department of Histology and Embryolowa ty of Medicine, Pamukkale University,

Denizli, Turkey J\

2 Young Researchers and EIiLepI owjerd Branch, Islamic Azad University, Borujerd
C \J
‘ N

\



Abstract:
@

Background: Primordial follicles, which are the structural units of the ovaryyand

represent the ovarian reserve, continue their development by entering into rine,

endocrine, and cell-cell interactions with the structures and cells in the

Objectives: To examine the development of cells and structures ? h\ both in
ffec

cell culture medium and in histological sections, and to observeth of the niche
formed by them on folliculogenesis. o N S

Methods: Three 3-week-old Wistar Albino rats asdhe first'group fo&ell culture, and
three 8-10-week-old (early reproductive period) and three 12-11‘-month-old (late

reproductive period) Wistar Albino rats as the sec d third groups for histologic
sections were included in our study. To preparﬁ gical sections, ovarian tissues of
early breeding period rats and late breedi eriod rats were excised and passed

through routine histological tissue proces tep~

Result: Ovarian surface epithelium an stro Xells were observed to proliferate in cell
culture. Primordial follicle-like str observed between the surface epithelial
cells. Histological examination @L@d periovary adipose tissue around the ovary,
separated from the surfacefepitheliumby a thin fibrous sheath. It was observed that
primordial follicles were located iNme tunica albuginea layer and the fibroblast-like
mesenchyme in the tfca*hinea of the corpus luteum formed after ovulation,
thickens this layemby proliferation of cells and creates a suitable environment for the
development of primordial follicles, also the tubules of the rete ovarii, which emerge
during the e genitourinary system in the embryological period, continue to
exist in Trle d mesovarium in rats in the early and late reproductive period.

CoNon The presence of tubules of the rete ovarii in the ovary and mesovarium
during theyreproductive period may indicate that these structures are also important in
folliculogenesis.
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Introduction h\

&
Ovary consists of cortex and medulla layers. The folding of 3} during the
embryonic period contributes to the formation of these layers. he r between

medulla and cortex is not clear. The surface of the i smgle;_yered cuboidal
epithelium and pseudostratified epithelium in some areﬁ\d in'some other areas, it is
paved with squamous epithelium, and there is a basementymembrane underneath. The
cellular layer, known as the germinal epithelium Contiriueg with the mesothelium
outside the ovary (Auersperg et al., 2001; McKey et al., 2022). Tunica albuginea, an
irregular tight connective tissue layer, is Ioca} weeh the surface epithelium and
cortex, and there are fibroblast-like m cells within the layer. The Tunica
albuginea also contains a significant amount OM | and type Il collagen fibers (Lind
et al., 2006; Can, 2014).

of the ovary form a micran\h ntyfor oocytes (Ross and Pawlina, 2006). The
development of folllcles the ovary occurs with cell-cell interactions, endocrine,
autocrine, and paracrine ors\pemally FSH secreted from the pituitary. The most
common type of fog e ovary is the primordial follicle, and this structure
represents the rese he ovary. Primordial follicles contain a primary oocyte
surrounded by a 'single row of squamous follicle cells. After puberty, primordial follicles
are selecte bMto grow. They continue to develop as primary, secondary, and
Graff f % respectively (Unal and Segme, 2022). In the medulla layer that is

ndediby leose connective tissue, there are blood and lymph vessels, and also
nerve mn&ar et al., 2020). In rats, parts of the ovary have a thin fibrous sheath with
fibroblasts‘that is exactly next to the surface epithelium. This fibrous sheath is located

Ovarian follicles are located in tQ a c‘the cortex. Follicles as the structural units
e
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between the surrounding adipose tissue (peri-ovarian adipose tissue) and the ovarian
surface epithelium. It has been reported that peri-ovarian adipose tissue’provides the
development of follicles in the ovary, and it has been shown that this tissu portant
for the functions of the ovary. There is no periovarian adipose tissue in e&s (Yang
et al., 2018; Zhu et al., 2020; Zhang et al., 2021; Unal and Segme, 202

Ovulation is the process of releasing the secondary oocyte from t %Ili’cle. After
ovulation, the basement membrane destroys, and the granulosé and theca interna cells
of the follicle rearrange to form a temporary gland ca e corpus luteum(Ross and
Pawlina, 2006). The ovary is a dynamic complex organ t devel follicles according
to estrus stages. We aim to examine the devel ment ofiecells and structures in the
ovary both in cell culture medium and in histologi ctions ‘and to try to observe the
effects of the niche formed by them on folllculogq

Material and method \

Approval for this study was obt d from‘amukkale University Animal Experiments
Ethics Committee with the d iol? numbered -E60758568-020-402580 dated
24.07.2023. Three 3-week=old Wistar Albino rats as the first group for cell culture and
three 8-10-week-old ee 1)14 month-old Wistar Albino rats as the second and
third groups for hlsa)j tlons were included in our study. For cell culture,
prepubertal rats that yet entered the estrous cycle and in which antral follicles
have not seen were selecteﬁ Experimental steps of the study were carried out using
Pamuk& perlmental Surgery Application and Research Center and Cell

ure ory frastructure of the Histology-Embryology Department.
Cell ure \rocess



The ovaries of three prepubertal (3 weeks old) female rats were collected under sterile
conditions. First, the surrounding adipose tissue was excised under a stereo
microscope. Then, the ovarian tissue was divided into small pieces in a p dish, and
an explant cell culture was created. In mixed cell culture, surface Klal cells
proliferating with ovarian stromal cells were locally labeled, and these ‘eells) were

isolated by applying local trypsinization. \ )

After the adherent of the ovarian surface, epithelial cells p’rol’erate and became
confluent (70-80%), the cells were removed with trypsi mey0.25% (Hyclone, USA)
and inoculated into two new flasks with a complete dium. complete medium

contains Dulbecco's Modified Eagle's Medium DMEM (Capricorn Scientific, Germany),
Fetal Bovine Serum FBS (Capricorn Scientific, G y), Penicillin-Streptomycin (Pan
Biotech, Germany). Since the cells proliferated ‘g rapg'dly, the media of the flasks
were changed every day and optimal culture’ condit were created. To evaluate the
viability of proliferating cells, they were‘in with Trypan blue, and the number of
cells was determined with the Neubauer Improved counting chamber. All these stages
have done using an inverted microsco{(c Olympus, Japan).

Preparing tissue sections and g histological images

Ovarian tissues of rats |n early breeding period (8-10 weeks old), and rats in the late
breeding period ( nths Id) were excised, and routine histological tissue
process steps were € e\ Serial sections with 5 ym thickness were taken from
paraffin blocks by/@'m rot e. Images of ovarian tissue sections that were stained with
hematoxylin-eosin and Masson's trichrome were taken under a light microscope (BX51

Olympus an)\
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Results
F &

Cell culture

Cells began to migrate approximately 3 days after tissue fragments we(jrﬁ}from the
ovary. On the 7th day, it was observed that ovarian stromal cells and‘ovarian s!lrface
epithelial cells (mixed cell culture) filled the petri dish. The morphj)g\j earance of
the ovarian stromal cells was observed to be fibroblast-like®cells, and the ovarian
surface epithelium was in the form of cobblestone. Icition, primordial follicle-like
structures were observed among the ovarian surfac pitheliawells (Figure-1 and
Figure-2). Counting under phase contrast mi&oscopy ‘revealed that, respectively
1.5x106 and 2x106 ovarian surface epithelial ce SE) were grown in the culture

dishes. ,
S

Figure-1 A-B Migration of cells fromstiss SM) C-D Ovarian stromal cells and
ovarian suIEce e&elium(m 0).

>
Figure-2 A-B-C: Prolifera{iongalgan surface epithelium(X10). D: primordial
le- Il‘formed between cells(X10).

Histological view ( \ \

It was observed that therovarian surface epithelium was single-layered squamous
eplthellum so as, single-layered cuboidal epithelium in other parts, and
stratlﬂ % ces While the ovarian surface epithelium generally develops as a

red squamous and cuboidal epithelium in early breeding period rats (2"
grou |t has been observed that it is stratified cubic epithelium in some regions in late
breeding“pefiod rats (3™ group) (Figure 3). It was also observed that the peri-ovarian
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adipose tissue adjacent to the surface epithelium of the ovary forms the macro
environment of the oocytes (Figure 4). ' &

\

Figure-3 Ovarian surface epithelium (OSE). A: Single-layered uamous
epithelium(X100). B: Single-layered cuboidal eplthellum(X100. x‘wuuayered

epithelium(X100).
o o o

Figure-4 A: Periovarian adipose tissue(X10). BY\Fibroblast- Ilke mesenchyme cells
and concentrically arranged collagen fibers insthe tunica albuginea(X100). C:
Tunica albuginea layer of corpus luteum (Masson's Trichrome) (X20). D:
Primordial follicles seen in the tm uginea layer (X20).

When the corpus luteum was formed froxhew Graaf follicle, it was seen that the
volume of this structure increased nsideWy However, at this time, the surface

epithelium is flat and few in cel 31d the tunica albuginea which is located
under the surface epithelium is thin. Later, it was observed that fibroblast-like
mesenchyme cells in the shrfac ltr‘ellum and tunica albuginea proliferated and
showed a concentric arr t by increasing the amount of collagen fibers they
contained. The squ e epithelium proliferates and turns into cuboidal
epithelium in some t unica albuginea layer thickens, new vascular structures

(capillary vessels, enules) are formed and restructured, and primordial follicles are
seen in this reeonstructed tunlca albuginea layer (Figures 5, 6).

\\\

%-5 A: Graafian follicle(X10). B: Ovule Graaf follicle(X100). C: Enlargement
and proliferation of granulosa cells(X10). D: Granulosa cells proliferated and
completely closed the lumen(X10).
7



Figure 6 A-B: The appearance of the surface epithelium and tunic ﬂ inea in
the corpus luteum. It is seen that the surface epithelium is of th squamo\ls
epithelial type, and the tunica albuginea is composed of 1-2 r oblast-like
mesenchyme cells(X20). C: It is seen that there are follicl ‘!As,. in the tunica
albuginea that have begun to thicken(X20). D: It.i en that fibroblast-like
mesenchyme cells in the tunica albuginea proliferate and thl*en this layer and
contain vascular structures(X20).

The expanding layer of tunica albuginea adjac the corpus luteum provides a
favorable environment for the development iclesy in this region. In addition,
primordial follicles were found not only in the'tu albuginea of the corpus luteum but
also in the tunica albuginea layer of vary In some areas, the tunica
albuginea with the ovarian surface epitheli makes crypt-like extensions into the

cortex. Primordial follicles were also o erv;i in these regions in the sections. In some
cases, after ovulation, some of ovarian surface epithelium invaginates into the
cortex region and continues ifts‘ex ncé with parts of tunica albuginea. Primordial and
primary follicles were als‘een iKthese structures, known as inclusion cysts.

It was observed thaezi | ‘arterioles were common in the whole ovary (cortex and
medulla layer). has been seen that the follicles developing in some corpus
luteum structures form a“eystic appearance in some places (Figure 7).

W\~

ure 7°A: Invaginated surface epithelium causing the formation of inclusion
cysts after ovulation and a part of the tunica albuginea(X10). B-C: Spiral arterioles



(X40- X20). D: Follicle that develops inside the corpus luteum and makes a cystic
appearance(X4). ' &

It is observed that the rete ovarii found in the ovaries exist in both early-brﬁg/g period
rats and late-breeding period rats (Figure 8). In the medulla layer of th y, vascular
structures (small arteries-arterioles and small veins), adipose tissue (adipocyte cells),
and primordial-primary follicles were observed, albeit very rarely &

o .
Figure 8 A-B: In the cortex layer of the ovary (“0- X20).C: In & medulla(X20). D:
In the mesovarium Rete ovarii and epooephoron siructures(X4).

As a result of apoptosis of granulosa cells in atr fo Ilc‘es that cannot continue their

development, the theca interna layer domir@ was also observed that these

structures, which turned into the thecal Mds were,located in the cortex and medulla

layer. Apart from these, they have ien sithe medulla layer of the ovary in
e

structures called ganglia, which belong to th nomic nervous system (Figure 9).

b
< b
Figure 9 A: Primordiwllicle, adipose tissue, and vascular structures in the
medulla layer(X rimaty follicles in the medulla layer(X10). C: Atretic
follicles in the medulla I*&ZO). D: Ganglion structure in the medulla layer(X40).

Discussion

Prlmorﬁ* iginate from the epiblast, migrate along the primitive streak, and
in“the ‘end erm cells in the wall of the yolk sac near the allantois in the third

w\the iurth week, they move along the dorsal side of the hindgut mesentery with

ameboidimovements and reach the primitive gonads at the beginning of the 5th week,

where they are called oogonium. The primary sex cords extend from the coelomic
9



epithelium into the mesenchyme. Later, the cells in the primary sex cords degenerate
and replace by the secondary sex cords surrounding the oogonium (Sadlef;,"2022).

Rete ovarii develops as a result of differentiation of mesonephric cells tha%rated to
the developing gonad during the embryological period. Rete ovarii is th of the
male rete testis. Rete ovarii usually appear as groups of anastomotic tu%s lined with
cuboidal or columnar epithelium. Rete ovarii undertakes impo ions in the
control of meiosis in the ovary. Studies have shown that in the" embryonic period with
the arrival of mesonephric-origin somatic cells that ma@ therete ovarii, some germ
cells enter meiosis. Observation of secretory substanees/in th\lumen of the rete
tubules may indicate that they have a secretory a%ihty Three different parts have been
described in the rete ovarii: extraovarian rete, con g rete, and intraovarian rete. We
have little data about the function and structur oShe re‘e ovarii throughout adult life.
Studies show that this structure is not a vestlgl t'is a dynamic system that plays
a role in regulating the functions of th aries in/the postnatal period (Wenzel and
Odend'Hal, 1985; McNatty et al., 1995<m|t 2012, Apperson et al., 2017; Mfoundou et
al., 2021).

The epoophoron, another struqtt%t develops in the embryological period, remains
in the mesovarium betweent th and the tuba uterina as mesonephric duct
remnants. The Epoopho con3|sts of several blind-ending tubules and ducts,
can appear as the e the duktuli efferentes and epididymis in males (Moore
et al., 2008; Appesg taRZSI

Signaling pathways that play a controlled activating and suppressive role in the
transmon f*bpr | follicle to primary follicle and protect the follicle pool, operate

Ra balanced way. In cases where the balance is disturbed, massive
activation ofithe follicles and premature depletion of the follicle pool occur (Kabasakal,
imordial follicles, which are intensely located in the cortex and medulla of the
ovary until the first four weeks of birth in rats, begin to appear mostly in the cortex
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region and in the tunica albuginea layer, which is more resistant to environmental
factors during the reproductive period (Picut et al., 2015). ' &

During ovulation, collagen fiber bundles in the theca externa and tuni Ibuginea
layers continue the collagenolysis. The proteolytic activity in the @an urface
epithelium contributes to the restructuring, and breakdown of the ‘@varian surface

epithelium and the ovarian cortex during ovulation. Ovarian surface ep produces
proteolytic enzymes such as urokinase plasminogen activator (uPA) and matrix
metalloproteases 2 and 9 (Okamura et al., 1980; Ahm l., 2007). In"addition, matrix

metalloproteinases 1 (MMP-1) and 3 (MMP-3) are proteolytic enMeS involved in the
remodeling of the extracellular matrix of the ovary‘in the menstrual cycle (Bogusiewicz
et al., 2000). In some cases, after ovulation, a f the ovarian surface epithelium
invaginates towards the cortex region and form(inclus"on cysts by maintaining its
presence together with parts of the tunica albugi ersperg et al., 2001; Ahmed et
al., 2007). The ovaries are innervated by% au%‘nic ovarian plexus and receive both

sympathetic and parasympathetic neryes. Pﬁj athetic ganglion cell groups in the

ovary are distributed in the medulla (D r(bor Barcia, 1996; Pastelin et al., 2017).

The ovaries are innervated b\% utonomlc ovarian plexus and receive both
tic

sympathetic and parasympathe In the ovary, parasympathetic ganglion cell
groups are distributed in t‘med‘a (24,27).

Polycystic ovary syndrom P ) is a disease that causes infertility and leads to low
oocyte and embfyo quality. The incidence of ovarian hyperstimulation syndrome
(OHSS) in patients with PCOS is considerably higher than in patients without PCOS.

Ovarlan h st| ' syndrome (OHSS) is a serious complication that poses a

reat to at dergoing ovulation stimulation. In PCOS, thickening of the tunica
alt%au er of the ovary is observed (Alhilali et al., 2022). In their experimental
anima mairi et al. investigated the histologic changes of commonly used drugs

in ovarian tlssue and the effects of these drugs on follicle structures (Omairi and Al
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Qaisi., 2022). In another study, Elahinia et al. examined the changes in the effects of
the drugs administered depending on the phases of the estrous cycle. As@ result of the
study, they found that the drugs showed different effects depending on the stages of the
cycle (Elahinia et al., 2023). Fazlelahi et al. found the optimal dose of di Kdoses of
drugs depending on the estrous cycles in the ovary (Fazlelahi et al., 20 ouristudy,
we tried to show the histologic appearance of the cells and thei l‘turgs in the
ovaries of early reproductive rats (8-10 weeks) and late reproduc ats (12-14
months) in a way to contribute to the literature. In addbphase co%rast microscopy
was used to observe the interactions and proliferation of stromal cells and surface
epithelium known to be present in the niche of follicles in mii(ed cerhulture.

Conclusion >

e development of some follicles in the devew cle pool, as well as the stopping
of the development of other follicles, are*oci ted with hormones secreted from some
of them. In addition, we think that antralfollicles corpus luteum, especially with their
enlarged volumes, do not leave an % (nm for primordial and primary follicles to
develop in some cases and trigg rawformation into atretic follicles (which leads
to apoptosis and autophagy) ;gse' tissue around the ovary contributes to the
development of follicles by secreting‘hermones and paracrine factors.

After ovulation, it was t} the ovule Graaf follicle underwent remodeling of the
ovarian surface epitheliu 5 d tunica albuginea (surface epithelium and tunica
albuginea adJaceﬁto the uture corpus luteum). This occurs not only in the stigma,
where ovulatien “occurs, but also along the entire tunica albuginea and surface

epitheliﬂﬂac\ the ovulated Graaf follicle. In addition, vascular structures
a les

(capillari ven ) were also observed along the tunica albuginea adjacent to the
coNteur‘.

12



The appearance of primordial follicles in the tunica albuginea layer, which is more
resistant to environmental factors, suggests that their niches are gfibroblast-like
mesenchymal cells to support their development happen. The presence rimordial
follicles in the tunica albuginea layer of the ovary provides them wi ignificant
advantages in terms of better protection. It is thought that the foIIiA this, layer
differentiate from the oogonium, dispersed as a result of the brea‘ r‘th? ovarian
cords and settle here. X

Since the structure and functions of the tunica aIbug@aﬁ not been investigated
sufficiently so far, our knowledge about this Iayer is limited. An addition to all these, the
presence of tubules of the rete ovarii, which deve during'the embryological period of

the genitourinary system in the ovary and mesov durmg‘the reproductive period,
indicates that these structures may also be i |m in erms of folliculogenesis.
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Figure-1 A-B Migration of cells from tissues(X10). C-D Ovarian stromal cells and ovarian surface
epithelium(X10).
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Figure-2 A-B-C: Proliferation of ovarian surface epithelium(X10). D: primordial follicle-like formed
between cells(X10).
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Figure-3 Ovarian surface epithelium (OSE). A: Single-layered squamous epithel
Single-layered cuboidal epithelium(X100). C-D: Multilayered epithelium(X
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Figure-4 A: Periovarian adipose tissue(X10). B: Fibroblast-like mesenchyme‘cells and
concentrically arranged collagen fibers in the tunica albuginea(X100). C: Tunica alb ea layer of
corpus luteum (Masson's Trichrome) (X20). D: Primordial follicles seen in the tuni ginea

layer (X20).
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Figure-5 A: Graafian follicle(X10). B: Ovule Graaf follicle(X100). C: Enlargement and proliferation
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Figure 6 A-B: The appearance of the surface epithelium and tunica albuginea iﬁhe corpus
luteum. It is seen that the surface epithelium is of the squamous epithelial type, a e tunica
albuginea is composed of 1-2 rows of fibroblast-like mesenchyme cells(X20). n that

there are follicles in the tunica albuginea that have begun to thicken(X20) D: It is seen ‘at

fibroblast-like mesenchyme cells in the tunica albuginea proliferate and % ?er and
contain vascular structures(X20).
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Figure 7 A: Invaginated surface epithelium causing the formation of inclusion cysts after ovulation
and a part of the tunica albuginea(X10). B-C: Spiral arterioles (X40- X20). D: Folliclesthat develops
inside the corpus luteum and makes a cystic appearance(X4).
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Figure 8 A-B: In the cortex layer of the ovary (X10- X20). C: In the medulla(X20). D: In the
mesovarium Rete ovarii and epoophoron structures(X4).
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Figure 9 A: Primordial follicle, adipose tissue, and vascular structures in the medulla layer(X20).
B: Primary follicles in the medulla layer(X10). C: Atretic follicles in the medulla layer(X20). D:
Ganglion structure in the medulla layer(X40).
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