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In this study we explored the possible beneficial role of metformin (MT) treatment on the
hormonal, histological and ultrastructural changes in testosterone propionate induced
polycystic ovary (PCO) in rats. A total of 45 female adult rats were divided into control, PCO
and MT-PCO groups. After 28 days of treatment, blood samples were taken for estimation of
glucose, insulin, sex hormones as well as insulin resistance (IR) and insulin sensitivity (IS)
indices (HOMA-IR & QUICKI-IS). Ovarian tissues were processed for light and electron
microscopic studies. Also, immunohistochemical stains were done for detection of vascular
endothelial growth factor-A (VEGF-A) and connective tissue growth factor-1 (CTGF-1).
The PCO group showed a decrease in follicle number with a predominance of cystic follicles,
absence of corpora lutea, decrease in the thickness of granulosa cells and increased thickness
of theca interna cells layers, hypercellularity of interstitial stroma, as well as increased
expression of VEGF-A and CTGF-1. Ultrastructurally, signs of granulosa cell degeneration
and luteinization of theca interna cells were noted. Additionally, an increase in the serum
concentration of estrogen, testosterone, insulin, IR and a decrease in progesterone and IS
were also observed. MT treated PCO group showed improvement of the above-mentioned
changes. These data provide new insight about the promising effect of MT in treatment for
PCOS associated infertility.
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Polycystic ovary syndrome (PCOS) is a wide-
spread multifactorial endocrinological disease up-
setting 6-10% of women in the reproductive age
(NORMAN et al. 2007) and it is supposed to be one
of the globally most important causes of anovula-
tory infertility (BARTHELMESS & NAZ 2014).
PCOS refers to a disorder with a mixture of unique
reproductive and metabolic features such as hy-
perandrogenism, enlarged polycystic ovaries on
ultrasound scan, disturbance of ovulatory func-
tion, hirsutism and acne (CARMINA et al. 2010). In
addition, symptoms of metabolic syndrome such

as obesity, insulin resistance and hyperinsuline-
mia are frequently seen in a greater number of
women with PCOS (GAMBINERI et al. 2002;
OLLILA et al. 2017).

However, the precise pathophysiology of this
endocrinopathy has not been elucidated. IR is
thought to be one of its major causes, particularly
in obese individuals. IR causes an increase in the
level of serum insulin, which interacts with the lu-
teinizing hormone (LH) contained by the ovarian
theca cells, resulting in a considerable rise in the
cholesterol level, a decline in glucose transport, an
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augmented formation and discharge of androgens,
and finally childlessness (BARBER et al. 2015).
This disorder is also associated with an increased
possibility of type 2 diabetes mellitus, dyslipidemia,
heart diseases, emotional distress, preeclampsia,
endometrial hyperplasia and endometrial cancer
(VELTMAN-VERHULST et al. 2012; DUMESIC &
LOBO 2013; GOODMAN et al. 2015).

Accordingly, IR in PCOS has led to the applica-
tion of a key novel curative approach based on in-
sulin sensitizers such as metformin (MT) which
has multiple established and developing applica-
tions in women’s reproductive health. MT is a sta-
ble biguanide low molecular weight oral
anti-hyperglycemic drug. It decreases blood glu-
cose, intestinal glucose absorption and suppresses
hepatic gluconeogenesis (SIVALINGAM et al.

2014). Besides, the drug also lowered insulin lev-
els, LH production, circulating androgen levels,
improved ovulation, pregnancy probabilities and
fertility outcomes in clomiphene citrate resistant
PCO women (TANG et al. 2012).

Moreover, increased insulin sensitivity by MT
improved health-related quality of life of PCOS
women by relieving emotional troubles (OU et al.
2016). Also, administration of MT for 3 months
prior to in vitro fertilization or intracytoplasmic
sperm injection improved live birth rates
(KJØTRØD et al. 2011). Furthermore, MT lowered
the chance of commencement of gestational diabe-
tes mellitus in PCOS women and seemed to be
a superior tool in metabolic control compared to
insulin and other oral antidiabetic agents during
pregnancy (ROJAS et al. 2014).

Connective tissue growth factor (CTGF) has
been gradually considered as a new indicator for
detection of tissue fibrosis. CTGF belongs to the
CCN family, which comprise many polypeptide
factors with high homology in their DNA se-
quences. This factor is a cysteine-rich cytokine
formed in the ovary by follicular granulosa cells
and fibroblasts which showed similar biological
functions to TGF-â1 (ZHOU et al. 2017). Expres-
sion of CTGF messenger RNA was discovered in
preantral follicles and early antral follicles in rat
ovaries. Granulosa cell-derived CTGF plays a sig-
nificant role in theca cell employment, follicle
growth and corpus luteum vascularisation. Also
granulosa cell CTGF gene expression is inversely
linked to the phase of granulosa cell differentiation
(HARLOW et al. 2002). ZHANG et al. (2013) de-
tected increased expression of CTGF in the ovar-
ian and uterine tissues of PCO rats. It promotes cell
proliferation, collagen synthesis, expression of
cell adhesion molecules, and extra cellular matrix
(ECM) production in different cells. Each of these
important functions create awareness to the vital
role of CTGF in numerous diseases associated

with tissue reconstitution, for example in wound
healing, fibrosis, and tumorigenesis (ALFARO
et al. 2013; LAI et al. 2013; ROMÃO et al. 2013).
However, the precise role of CTGF in ovarian tis-
sues is still unclear.

Vascular endothelial growth factor (VEGF) is
a multifunctional cytokine that is expressed in
both ovary and endometrium. As soon as it com-
bines with its receptor, an increase in the number
and growth of vascular endothelial cells occurs.
LUO et al. (2017) found that VEGF directly regu-
lates several profibrotic and immune cytokine
genes in hepatic stellate cells. It has also been re-
ported that the ovarian volume and antral follicle
count are positively correlated with the concentra-
tion of VEGF (ZHAO et al. 2010). So, supplemen-
tary research is needed to detect their specific
mechanisms and possible role in ovarian tissue.
Therefore, the aim of the present study was to ex-
plore the possible beneficial role of the insulin sen-
sitizer MT on the hormonal, histological and
ultrastructural changes in induced PCO in adult
rats and to elucidate its impacts on the expression
of CTGF and VEGF in this syndrome.

Materials and Methods

Abbreviations:

MT – metformin.
IR – insulin resistance.
IS – insulin sensitivity.
HOMA-IR – homeostasis model assessment of
insulin resistance.
QUICKI – quantitative insulin sensitivity check
index.
TP – testosterone propionate.
BMI – body mass index.
BWG – body weight gain.

Animals

Forty five adult (12 weeks of age) female albino
rats weighing 180-200 g were used for the study.
Animals were purchased from the animal house of
the Medical Research Center, Faculty of Medi-
cine, Ain Shams University. Rats were kept in
a well-ventilated room one week before initiating
the experiment for acclimatization at room tem-
perature of 28°C and 12:12 light/dark cycle. They
were fed standard rat chow and tap water ad libi-

tum. The experiments were performed in accor-
dance with the National Institutes of Health (NIH)
guidelines for the Care and Use of Laboratory Ani-
mals. The study was approved by the local institu-
tional experimental research committee.
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Drugs

1. Testosterone propionate (TP): (Viromone 100
mg/2 ml, Recipharm Limited CO, UK).

2. Metformin (MT) (Sigma Chemical Co; USA).

Study design

The rats were equally allocated into three groups
designated as:

A. PCO group (15 rats): animals were injected
intraperitoneally (ip)withTPat adoseof1mg/100gBW
dissolved in sesame oil once daily for 28 days.

B. Control group (15 rats): animals were injected
intraperitoneally (ip) with sesame oil and given
distilled water orally (0.05 ml) daily for 28 con-
secutive days.

C. MT+PCO group (15 rats): animals were in-
jected with 1 mg/100 g BW TP and given MT
orally (50 mg/100 g BW in 0.05 ml of distilled wa-
ter given orally by gavage) daily for 28 days. The
dose of MT administered was equivalent to that
used in the treatment of women with PCOS (WAL-
TERS et al 2012; POORNIMA et al. 2015).

Vaginal smears

From the first day of experiment, vaginal smears
were performed daily for each group to observe
their estrous cycles using a cotton-tipped sterile
swab. The swab was rotated two or three times
against the vaginal wall and then withdrawn and
rolled on a clean glass slide, stained with H&E.
Smears were examined under the light microscope
for detection of cornified cells, nucleated epithe-
lial cells and leukocytes. Cycles with duration of
4-5 days were considered regular. Identification of
cornified cells in the smears during a minimum of
10 serial days was defined as persistent vaginal
cornification (PVC) that was considered as an indi-
cation of follicular cystic development (MARCONDES
et al. 2002; SALVETTI et al. 2004)

Blood and tissue collection

After the experimental period, all rats were
fasted overnight and anaesthetized with i.p. injec-
tion of sodium thiopental (40 mg/kg of body
weight) (Sigma Chemical Co., ST Louis, MO,
USA) (TOBLLI et al. 2012). Blood was collected
via cardiac puncture, and fasting blood glucose for
all groups was immediately estimated in part from
collected blood samples, the remaining part of
blood samples were then put in heparinized tubes
and centrifuged (3000×g for 10 min at 4°C) to ob-
tain sera which were kept at –20°C. Due to techni-
cal problems during collection and centrifugation
of blood samples of rats of all groups, only the sera

of 30 rats (10 rats from each group) were used for
blood analyses. The collected sera were later used
for estimation of progesterone, estrogen, testoster-
one and insulin using ELISA kits (Beinglay Bio-
technology Co., Ltd., Wuhan, China). The 45 rats
were then sacrificed, two ovaries were excised,
cleaned of fat and processed for both light and
electron microscopic examination.

Study of insulin resistance and insulin sensitivity

The homeostasis model assessment-estimated
insulin resistance (HOMA-IR) has been used for
the estimation of insulin resistance in this experi-
ment (MATTHEWS et al. 1985). It is calculated by
multiplying fasting plasma insulin (FPI) by fasting
plasma glucose (FPG), then dividing by the con-
stant 22.5, i.e. HOMA-IR=(FPI×FPG)/22.5
(WALLACE et al. 2004). The quantitative insulin
sensitivity check index (QUICKI) was used to as-
sess the insulin sensitivity. QUICKI is derived us-
ing the inverse of the sum of the logarithms of the
fasting insulin and fasting glucose: 1/log(fasting
insulin µU/ml) + log(fasting glucose mg/dl)
(KATZ et al. 2000).

Light microscopic examination

Specimens were fixed in 10% neutral buffered
formalin then washed with water, dehydrated in
ascending grades of ethyl alcohol, cleared in
xylene, and embedded in paraffin to prepare paraf-
fin blocks. Tissue sections (5 µm) were cut and
then were mounted on glass slides, deparaffinized
in xylene and stained by hematoxylin and eosin
(H&E) (BANCROFT & GAMBLE 2008) for general
histological examination and immunohistochemi-
cal stains for localization of VEGF-A and CTGF-1
using avidin-biotin-peroxidase complex (ABC)
techniques (HSU et al. 1981).

Immunohistochemistry

Using the streptavidin-biotin technique, paraffin
sections were deparaffinized in xylene, rehy-
drated, rinsed in tap water, and embedded in 3%
hydrogen peroxide (H2O2) in phosphate buffer so-
lution (PBS) for 10 min to block endogenous per-
oxidase. A monoclonal mouse anti-human
antibody was used for detection of VEGF-A
(Clone. SP28, Catalog No. M3281, Spring Biosci-
ence, ready to use) and rabbit polyclonal CTGF-1
antibody (5 µg/ml; cat. no. ab125943; Abcam,
Cambridge, MA, USA) was used for detection of
CTGF-1. For both VEGF-A and CTGF-1 an anti-
gen retrieval procedure was applied by pretreat-
ment of sections for 10 min in a microwave oven in
0.01 M sodium citrate buffer (pH 6.0 followed by
cooling for further 20 min). The sections were then
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incubated with the corresponding primary anti-
bodies followed by their incubation in goat anti-
rabbit biotinylated secondary antibody (Vector
Laboratories, Burlingame, CA) to detect them.
Visualization of the tissues was obtained by using
horseradish peroxidase-avidin-biotin complex
(Vectastain Elite, Vector, CA) then 3,3’-
diaminobenzidine in H2O2 (DAB kit, Vector, CA).
The sections were then counterstained with hae-
matoxylin and mounted.

Transmission EM preparation

Ovarian specimens were immediately fixed in
2.5% phosphate-buffered glutaraldehyde solution
at 4°C for 24 hours, then washed over night several
times with fresh solution of 0.1 M sodium phos-
phate buffer, PH 7.4 at 4°C. Afterwards, speci-
mens were post-fixed in 2% osmium tetraoxide in
0.1 M sodium phosphate buffer in the dark at
+40°C. Specimens were dehydrated in ascending
grades of ethanol and propylene oxide then em-
bedded in resin. Semi-thin sections were made and
stained with toluidine blue and examined by light
microscope. Ultra-thin sections were cut at thick-
ness of 90 nm, mounted on copper grids and
stained with uranyl acetate 5% for 15 min followed
by lead citrate for 8 min and examined by trans-
mission electron microscope SEO (Sumy Electron
Optics) model PEM-100 at different magnifica-
tions (GLAURET & LEWIS 1998). Transmission
electron examination and photography were done
at the Military Medical Academy Electron Micro-
scope Department, Cairo, Egypt.

Morphometric study

Numbers of primordial, primary, preantral, antral,
cystic follicles and corpora lutea were measured
from H&E stained sections (×100). Thickness of
granulosa and theca interna cell layer of preantral,
antral and cystic follicles were measured from
H&E stained section (×400). Area % of VEGF-A
and CTGF-1 immunoexpression were measured
from anti-VEGF-A and anti-CTGF-1 immu-
nostained sections, respectively. For each of the
above measured parameters, two non-overlapping
fields/rat paraffin block sections were examined
(the total number was 30 measurements for each
group). All measured items were photographed us-
ing color video camera (digital camera CH-9435
DFC 290). In photographs of immunostained sec-
tions, the brown color of the immunoreaction in
the analyzed photos was masked by a blue color
using Leica Qwin 500 (Imaging System, Cam-
bridge, UK) within a frame area of 293.4288 ìm2.
Area of blue color was divided on the frame area of
the field to obtain the area % of the immunoreac-
tion. Morphometry was carried out at the Image

Analysis Unit, Anatomy Department, Faculty of
Medicine, Taibah University, Al Madinah Al Mona-
warrah, KSA.

Statistical analysis

Statistical analysis was performed using IBM
SPSS software version 21.00 (Chicago, Illinois,
USA). Data revealed a normal distribution
(Shapiro-Wilk test) and one-way analysis of vari-
ance (ANOVA) followed by the least significant
difference test (LSD) was carried out. Results are
presented as mean ± standard error of mean
(SEM). Differences between groups at p>0.05,
p�0.05 and p�0.001 were considered non-
significant, significant and highly significant, re-
spectively.

Results

Biochemical results

Measurements of hormones and glucose in
blood serum are presented in Table 1. A highly sig-
nificant increase in the mean concentrations of se-
rum estrogen, testosterone and fasting insulin
hormones, and a highly significant decrease in
progesterone concentrations were detected be-
tween PCO rats and control (p = 0.000). An insig-
nificant difference between these two groups was
detected in the mean concentration of fasting
blood glucose (p = 0.030).

Additionally, insulin resistance index
(HOMA-IR) was significantly elevated
(3.42±0.88 vs 1.40±0.39) and insulin sensitivity
index (QUICKI-IS) was significantly reduced
(0.53±0.09 vs 0.67±0.08) when PCO rats were
compared to control group (Table 1).

On the other hand, a highly significant decrease
in the mean concentration of estrogen, testosterone
and fasting insulin hormones, and highly signifi-
cant increase in progesterone concentration were
detected in MT-PCO rats when compared to PCO
group (p�0.000 in all cases). A significant de-
crease in the mean concentration of fasting blood
glucose was detected (p = 0.001), also, HOMA-IR
was highly significantly decreased (p = 0.000)
while QUICKI-IS was significantly increased (p =
0.01) when MT-PCO rats were compared to PCO
rats (Table 1).

Insignificant differences were observed between
MT-PCO group and control group regarding se-
rum concentrations of estrogen, progesterone, tes-
tosterone, fasting insulin hormones and fasting
blood glucose, as well as values of HOMA-IR and
QUICKI-IS (see Table 1).
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Despite the insignificant differences among all
studied groups regarding their initial body weight
(BW), BW gain (BWG) at the day of sacrifice was
significantly higher in the PCO group compared to
the control group (p = 0.000). In contrast, MT sig-
nificantly reduced BWG in MT-PCO when com-
pared to PCO and the control group, p = 0.000
(Table 1).

Light microscopic results

H&E results

Control ovarian cortex showed many follicles at
different stages of development; unilayer primary
follicles, multilayer primary follicles and secon-
dary follicles with few stromal interstitial cells. An
antral follicle showed granulosa cells, an oocyte
with corona radiata and many layers of cumulus
oophoros. Mature graffian follicles with large
cavities filled with liquor folliculi and surrounded
with theca interna and theca externa cells were also
observed (Fig. 1A & 1B). A corpus luteum with an
outer layer of theca lutein cells and inner granulose
cells was seen (Fig. 1C).

In the PCO group, the cortex showed many fol-
licular cysts of different shape and wall thickness
that contained acidophilic materials in their lu-
mens and were separated by highly cellular inter-
stitial stroma (Fig. 2A). Higher magnifications

showed thick walled follicular cysts formed
mainly of theca interna cells. Some cysts were
folded, of thin walls and formed of one layer of
granulosa cells surrounded by a thick layer of
theca cells (Fig. 2B). Many follicles with no oo-
cytes and numerous congested blood vessels in be-
tween were observed (Fig. 2C). Large cystic antral
follicles filled with amorphous liquor folliculi
showed degenerated granulosa cells and thick lay-
ered thecacellswith signsof luteinization (Fig. 2D).

On the other hand, MT-PCO rats showed nearly
normal ovarian cortex with many follicles in dif-
ferent stages of development, multilayer primary
follicles and secondary follicles with oocyte in lu-
men. A small amount of interstitial stroma was ob-
served when compared to that of PCO (Fig. 3A).
Many growing and secondary follicles with thick
walls formed of many layers of granulosa cells,
theca interna and theca externa layers, containing
oocytes surrounded by zona pellucida, in addition
to a low level of stroma were seen (Fig. 3B). Cor-
pora lutea with small lipid droplets in their granu-
losa and theca lutein cells and one growing follicle
with some vacuolations of its follicular cell were
also seen (Fig. 3C).

Immunohistochemical results
Anti VEGF-A immunostained section of control

ovarian cortex showed a nearly negative immune
reaction except for a mild positive reaction which

Table 1

Mean serum concentrations of estrogen (pg/ml), progesterone (ng/ml), testosterone (ng/dl)
& fasting insulin (ng/ml) hormones and fasting blood glucose (mg/dl) level and values of
HOMA-IR, QUICKI-IS and body weight gain (BWG, g). Values are represented as mean±
standard error of mean (SEM). N=10 rats for all above parameters except BWG, N=15

Group Estrogen Progester-
one

Testoster-
one

Fasting
insulin

Fasting
blood

glucose
HOMA-IR QUICKI-IS BWG

Control 50.60±1.52 6.56±0.18 39±0.87 0.38±0.04 83.2±1.91 1.40±0.39 0.67±0.08 29.80±0.29

PCO
p1

84.60±1.94
0.000

3.98±0.24
0.000

57.70±2.06
0.000

0.86±0.10
0.000

89.40±2.41
0.030

3.42±0.88
0.000

0.53±0.09
0.01

42.48±0.86
0.000

MT-PCO
p2
p3

56.30±1.43
0.000
0.021

5.73±0.32
0.000
0.032

40.40±0.920
0.000
0.484

0.44±0.05
0.000
0.557

79.70±1.23
0.000
0.207

1.56±0.62
0.000
0.483

0.65±0.11
0.000
0.92

25.77±0.47
0.000
0.000

p: Probability
p1: significance between control and PCO groups.
p2: significance between PCO and MT-PCO groups.
p3: significance between control and MT-PCO groups.
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was detected in the wall of blood vessels, by oo-
cyte and liquor folliculi of some antral follicles
(Fig. 4A). PCO rats exhibited strong positive
VEGF-A immune reaction in the endothelial lin-
ing of the numerous blood vessels in the cortex,
and medulla in addition to its appearance in granu-
losa cells of the follicles and its liquor fluid and
some cells in the stroma (Fig. 4B). In MT-PCO
rats, a positive VEGF-A immunreaction was de-
tected only in some blood vessels, top layer of
granulosa cells and liquor folliculi (Fig. 4C).

Anti-CTGF immunostained section of control
ovaries showed weak CTGF immune reaction de-
tected in follicles, endothelial cells of blood ves-
sels and by few cells in the stroma (Fig. 5A). The
PCO group exhibited strong positive CTGF im-

mune reaction which was detected by the majority
of cells of the follicles, interstitial cells of the
stroma and endothelial cells of the numerous blood
vessels (Fig. 5B). An ovarian cyst with strong CTGF
immune reaction exhibited in all layers was also
detected (Fig. 5C). In MT-PCO, a positive CTGF
immune reaction was detected only in the top cells
of the granulosa layer of the follicle, some cells of
corpus luteumanda fewcells in the stroma (Fig. 5D).

Electron microscopic results

Electron micrographs of the control ovary
showed a primordial follicle with an oocyte and
a single layer of flat follicular cells, and multilayer
primary follicles formed of two layers of follicular
cells, both follicles were surrounded by intact

Fig.1. Photomicrography of control group H&E stained sections showing: A – Ovarian cortex with many follicles of different
stages of development, unilayer primary follicles (uPF), multilayered primary follicles (mPF) and secondary follicles
(SF).The follicles are separated by a few stromal interstitial cells (S). Some oocytes (Oc) appear in some follicles. B – An
antral mature Graffian follicle (ArF) shows granulosa cells (Gc), an oocyte surrounded with corona radiata cells (Cr) and many
layers of cumulus oophoros (Co).The follicle shows one large follicular cavity (Fcv) filled with liquor folliculi (Lof) and
surrounded by theca interna (ThI) and theca externa cells (ThE). C – A corpus luteum (CL) with outer layers of theca lutein
cells (ThL) and inner granulose cells (GL); secondary follicle (SF), primary follicle (PF). H&E stain; Ax400, B&Cx100.
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basement membrane (Fig. 6A). The preantral folli-
cle showed many layers of granulosa cells; the
cells facing a cavity showed microvilli. Theca in-
terna with elongated cells and euchromatic elon-
gated nuclei and theca externa layer with
elongated shape and more dense nuclei were seen
surrounding the follicle (Fig. 6B).

The antral follicle showed large-sized granulosa
cells with large euchromatic nuclei, numerous mi-
tochondria, smooth endoplasmic reticulum and in-
tact junction between them (Fig. 6C). Some
interstitial stromal cells with no lipid droplets in
their cytoplasm and blood vessel lined with endo-
thelial cells were seen in the cortex (Fig. 6D). Cor-
pus luteum with granulosa lutein cells with many
lipid droplets was seen (Fig. 6E).

In PCO, a unilaminar primary follicle with a sin-
gle layer of tall follicular cells which showed an ir-
regular nucleus with areas of chromatin loss and
cytoplasmic degeneration (Fig. 7A). A multilayer
primary follicle formed of many layers of follicu-
lar cells with wide spaces between the cells was
observed (Fig. 7B). A follicular cyst with a wall
formed only of theca interna, containing many
lipid droplets was seen. The lumen of the cyst con-
tains degenerated granulosa cells and amorphous
substances (Fig. 7C).

Additionally, another follicular cyst showed de-
generated granulosa cells with small dense nuclei
and many lipid droplets was found (Fig. 7D).The
cortex showed hyperthecosis of theca interna cells
with their luteinization, containing numerous lipid

Fig. 2. Photomicrography of PCO group H&E stained sections showing: A – Cortex with many follicular cysts (Fcy) of
different shape and wall thickness that contain acidophilic materials (stars) in their lumens and are separated by highly cellular
interstitial stroma (S). B – Higher magnification of the previous figure showing two follicular cysts; The wall of one cyst
(Fcy1) is thick and formed mainly of theca interna cells (ThI) and the wall of another cyst (Fcy2) is folded, thin and formed of
one layer of granulosa cells surrounded by a thick layer of theca cells. C – Many follicular cysts (Fcy) with no oocytes that
have thick walls formed mainly of theca interna cells. Note the numerous congested blood vessels (V) in the cortex. D – Two
large cystic antral follicles (Fcy1&Fcy2). Inset: higher magnification of Fcy1 shows that it has thin walls which are formed by
a single layer of degenerated granulosa cells (Gc), surrounded by thick layers of theca cells (Thc) showing signs of
luteinization and filled with amorphous liquor folliculi (Lfo); medulla (Med), blood vessel (V), tunica albugenia (Tb). H&E
stain; Ax200, B&Cx400, Dx100.
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droplets (Fig. 7E). In the medulla, some smooth
muscle cells and one eosinophil with its character-
istic ellipsoidgranuleswere alsoobserved (Fig. 7E).

In the MT-POC group, the ovary showed nearly
normal features. A primordial follicle with an oo-
cyte and a single layer of flat follicular cells was
embedded in many interstitial stroma (Fig. 8A).
Unilayer primary follicles with follicular cells; an
oocyte and intact basement membrane were also
observed (Fig. 8B). The preantral follicle showed
many layers of granulosa cells, theca interna and
theca externa layer (Fig. 8C). In the antral follicle
large-sized granulosa cells with large euchromatic
nuclei and numerous mitochondria were seen
(Fig. 8D). Corpus luteum with granulosa lutein

cells containing numerous lipid droplets were also
detected (Fig. 8E).

Morphometric results

A highly significant decrease in the mean
number of primary, preantral, antral follicles and
corpora lutea were detected when the PCO group
was compared to the control group (p = 0.000).
Cystic follicles were detected only in the PCO
group (Table 2). When the MT-PCO group was
compared to the PCO group, a highly significant
increase in the mean number of primary, preantral,
antral follicles and corpora lutea and a highly sig-
nificant decrease in the mean number of cystic fol-
licles were observed, p = 0.000 (Table 2).

Fig. 3. Photomicrography of MT-PCO H&E stained section showing: A – nearly normal ovarian cortex with many follicles in
different stages of development; multilayered primary follicles (mPF) and secondary follicles (SF) containing an oocyte (Oc)
in its lumen. Note the little amount of interstitial stroma (S) when compared to that of PCO. B – Many growing (Gf) and
secondary follicles. Both have thick walls formed of many layers of granulosa cells (Gc), theca interna (ThI) and theca externa
layers (ThE). An oocyte (Oc) surrounded by zona pellucida (arrow) and little stroma (S) are seen. C – Two corpora lutea (CL)
with small lipid droplets (arrows) in their granulosa (GL) and theca lutein (ThL) cells. One growing follicle (Gf) is apparent
with some vacuolations (curved arrows) of its follicular cells (Fc). H&E stain; A&Bx400, Cx100.
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Regarding the mean thickness of the granulosa
cell layer of preantral and antral follicles, the PCO
group showed a highly significant decrease when
compared to the control group (p = 0.000) with the
appearance of cystic follicles in the PCO group
(mean thickness 11.87±0.43 µm), while no cystic
follicles were detected in the control group. On the
other hand, a highly significant increase in the
mean thickness of the theca interna cell layer was
noticed in the PCO group when compared to the
control group (p = 0.000) (Table 3). Compared to
the PCO group, the mean thickness of the granu-
losa cell layer of preantral, antral and cystic folli-
cles of MT-PCO rats showed a highly significant
increase (p = 0.000), whereas the mean thickness
of the theca interna cell layer showed a highly sig-
nificant decrease, p = 0.000 (Table 3).

Regarding the mean area % of VEGF-A&CTGF-1
immunoexpression, a highly significant increase
in both were detected when the PCO group
(6.38±0.19 and 8.33±0.12) was compared to the

control group (1.06±0.05 and 0.52±0.03) respec-
tively, p = 0.000, whereas a highly significant de-
crease was observed when the MT-PCO group
(3.47±0.11 and 4.17±0.10) was compared to the
PCO group, p = 0.009 (Fig. 9).

Discussion

PCOS is a composite and highly mixed disease
characterized by insulin resistance, hyperandro-
genism and obesity. Current management for
PCOS patients involves the utilization of oral con-
traceptives, antiandrogens, and/or insulin sensitiz-
ers (LUQUE-RAMIREZ & ESCOBAR-MORREALE
et al. 2010). Rodents are the most appropriate ani-
mal for PCOS models since they are plausibly
priced, obtainable, have a short reproductive cy-
cle, short estrous cycles, and a short gestational pe-
riod. These PCOS models can be designed by
giving hormones such as TP resulting in many fea-

Fig. 4. Photomicrography of anti-VEGF-A immunostained sections: A – Control ovarian cortex shows nearly negative VEGF-A
immune reaction except for a mild positive reaction in the wall of blood vessels (V), oocyte (Oc) and liquor folliculi (arrow) of
some antral follicles (AF). B – PCO with strong positive VEGF-A immune reaction detected in the endothelial lining of the
numerous blood vessels (V), cortex (Cx) and medulla (M), All layers of granulosa cells of the follicles (Gc), liquor fluid (Lof),
and in some cells (arrows) in the stroma(S). C – MT-PCO shows positive VEGF-A immune reaction detected in many blood
vessels (V), top layers only (arrows) of granulosa cells (Gc) and liquor folliculi cells (Flo). Anti-VEGF-A immunostain;
Ax100; B x200 & Cx400.
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tures of typical human PCOS (WALTERS et al.

2012; PADMANABHAN & VEIGA-LOPEZ et al.

2013). Treatment of 3 week old rats with TP in-
duced anovulation increased the incidence of
apoptotic follicles, unhealthy oocytes and insulin
resistance (BELOOSESKY et al. 2004).

An increase in serum concentration of estrogen,
testosterone and decreased progesterone hormone
level, increased fasting insulin hormone, increased
insulin resistance (significantly increasedHOMA-IR)
and decreased insulin sensitivity (significantly
lowered QUICKI-IS) were noticed in PCO rats
which is in agreement with many studies which
suggested that â-cell dysfunction in the form of
hyperinsulinemia and insulin resistances are fea-
tures of PCOS (DUNAIF 1997). The modest hyper-
androgenism characteristic of the PCO group may
contribute to the associated IR in accordance with
HURLIMAN et al. (2015). They reported that there

is an association between hyperandrogenism and
IR. However, it remains unclear whether hyperan-
drogenism results from hyperinsulinemia and/or
IR or vice versa in PCOS (DIAMANTI-KANDA-
RAKIS et al. 2012).

IR was recognized in the current study by the in-
crease in fasting blood glucose and elevated insu-
lin levels. Insulin promotes GnRH & LH release
and increases LH/FSH ratio thus altering ovarian
steroid formation (DIAMANTI-KANDARAKIS 2008)
leading to the arrest of follicular development re-
sulting in chronic anovulation. Consequently, in-
sulin synergizes with abnormally high LH to
promote excess androgen production by ovarian
theca cells and reduces hepatic sex hormone bind-
ing globulin synthesis, in that way causing hyper-
androgenism (DUMESIC et al. 2015). It was
proposed that testosterone could worsen insulin
sensitivity as some enzymatic changes occur in the

Fig. 5. Photomicrography of anti-CTGF immunostained sections: A – Control ovarian cortex shows week CTGF immune
reaction detected in some cells (black arrows) follicles (F), endothelial cells of blood vessels (V) and some cells (red arrows) in
the stroma (S). B – PCO with strong positive CTGF immune reaction detected in most cells of the follicles (F), interstitial cells
(arrows) of the stroma (S) and by the endothelial cells of numerous blood vessels (V). C – PCO with an ovarian cyst (Fcy) with
strong CTGF immunoreaction exhibited in all layers (arrow) of the cyst. D – MT-PCO shows mild positive CTGF immune
reaction detected in some cells (red arrows) of granulosa layer of a secondary follicle (SF), some cells (black arrow) of corpus
luteum (CL) and few cells in the stroma (S). Anti-CTGF immunostain; Ax200; B x200, C&Dx400.
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theca interna and interstitial cells ensuing in high
levels of androgens and estradiol in PCO ovaries
(LOMBARDI et al. 2014).

Other studies in testosterone-treated female rats
have suggested that androgen-mediated insulin re-
sistance may be a result of an increased number of
less insulin-sensitive type II b skeletal muscle fibers

(HOLMANG et al. 1992) and inhibition of muscle
glycogen synthase activity (MANNERÅS et al. 2007).
Furthermore, it was found that IR in at least 50% of
PCOS women appeared to be related to excessive
serine phosphorylation of the insulin receptor. Such
phosphorylation modulates the activity of the key
regulatory enzymeof androgenbiosynthesis, P450c17.
It is possible that this single defect in P450c17 may

Fig. 6. An electron micrograph of the control ovary: A – Primordial follicle (PrF) contains an oocyte (Oc) and is surrounded by
a single layer of flat follicular cells (FC) and multilayered primary follicles (mPF) formed of two layers of follicular cells (FC).
Both follicles are surrounded by intact basement membrane (BM). B – Part of preantral follicle showing many layers of
granulosa cells (GC); the cells facing a cavity (C) show microvilli (arrow). Theca interna (ThI) with characteristic elongated
cells and euchromatic elongated nuclei and Theca externa layer (ThE) with elongated and more dense nuclei are seen
surrounding the follicle. C – Part of antral follicle shows large sized granulosa cells (GC) with large euchromatic nuclei (N)
containing nucleoli (n). The cells contain numerous mitochondria (m), smooth endoplasmic reticulum (sER) and show intact
junctions (arrows) between them. D – Part of cortex (Cx) shows some interstitial stromal cells (IsC) with no lipid droplets in
their cytoplasm and blood vessel (Bv) lined with endothelial cells (E). (E) Part of corpus luteum with granulosa lutein cells
(GrL) which contain many lipid droplets (L). TEM, Ax2000, Bx4000, Cx6000, Dx3000 & Ex4000.
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produce both insulin resistance and hyperandro-
genism in some PCOS women (BREMER & MILLER
2008; DIAMANTI-KANDARAKIS et al. 2012).

In the current work, a decrease in estrogen, tes-
tosterone and fasting insulin hormones and an
increase in progesterone hormone levels were de-
tected. In addition, a decrease in HOMA-IR and an

increase in QUICKI-IS were detected in MT
treated rats. Previous work supports our results by
evaluating the effect of MT treatment on patient
with PCO, where a reduction on the circulating
testosterone, Ä-4-androstenedione and hirsutism
score were observed (MAZZA et al. 2014). Another
similar study reported that MT treatment signifi-
cantly inhibited fasting insulin and HOMA-IR in

Fig. 7. An electron micrograph of the PCO group: A – Unilaminar primary follicle (uPF) with a single layer of tall follicular
cells (FC) which shows an irregular nucleus (N) with areas of chromatin loss (stars) and cytoplasmic degeneration (Cy).
B – Part of multilayer primary follicles (mPF) formed of many layers of follicular cells (FC) with wide spaces between the
cells (stars). Note the basement membrane (BM), theca cells (ThC). C – Part of follicular cyst (Fcy) shows that the wall is
formed only of theca interna (ThI) which contain many lipid droplets (L). The lumen of the cyst contains degenerated
granulosa cells (dGc) and amorphous substances (star). D – Part of the follicular cyst (Fcy) shows that the wall is formed of
degenerated granulosa cells (Gc) with dense small nuclei (N) and many lipid droplets (L). E – Part of the cortex (Cx) shows
hyperthecosis of theca interna (ThI) cells with their luteinization, containing numerous lipid droplets (L). Note a blood vessel
(BV) with endothelial cells (E). F – Part of medulla (M) with some smooth muscles (Smc) and one eosinophil cell (Eo) is
shown with its characteristic ellipsoid granules (white arrow). TEM, Ax4000; B, C, D & Ex3000; Fx6000.
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PCOS rats (WU et al. 2018). As well, MT
augmented the tyrosine kinase action of insulin re-
ceptors through alteration of plasma cell differen-
tiation antigen. Also, it improves IS, lower serum
LH, free and total testosterone concentration and
causes elevation in FSH and sex hormone binding
(SANGRAULA et al. 2009). Therefore, it is sug-
gested that restoration of androgen and insulin lev-
els and reduction of IR by MT could contribute in
maintaining normal ovulatory function.

In the current study, an increase in the body
weight and subsequent obesity was apparent in
PCO rats. EHRMANN (2005) reported that obesity
is intimately linked with PCOS where its percent-
age may involve up to 75% of patients. PCOS
women have many risk factors of dyslipidemia
with hyper triacylglycerolemia, reduced HDL and
increased LDL when compared to normal BMI
women (BERNEIS et al. 2007). It was confirmed
that obesity played a chief role in the pathophysiol-

Fig. 8. An electron micrograph of the MT-PCO group; A – Primordial follicle (PrF) contains an oocyte (Oc) and is surrounded
by a single layer of flat follicular cells (FC) embedded in many interstitial stromal cells (ISc) and a blood vessel (BV) lined
with endothelial cells (E) is present in the cortex (CX). B – Unilayer primary follicles (uPF) with follicular cells (FC), an
oocyte (Oc) and intact basement membrane (BM). C – Part of preantral follicle shows many layers of granulosa cells (GC);
theca interna (ThI) and theca externa layer (ThE). D – Part of antral follicle shows large sized granulosa cells (GC) with large
euchromatic nuclei (N) with numerous mitochondria (m). E – Part of corpus luteum (CL) with granulosa lutein cells (GrL)
containing many lipid droplets (L). Note: blood vessel (BV) in the CT septa (S) of the CL. TEM, A &B x3000, Cx4000,
Dx6000, Ex4000.
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Table 2

Mean number of primordial, primary, preantral, antral and cystic follicles and corpus lu-
teum in control, PCO and MT-PCO groups. Data are represented as mean± standard error of
mean (SEM). N=30 measurements/group

Group Primordial Primary Preantral Antral Cystic Corpus luteum

Control 46.20±0.85 16.00±0.44 6.93±0.25 3.70±0.26 0.00 3.97±0.23

PCO
p1

43.03±0.73
0.000

7.67±0.40
0.000

3.07±0.22
0.000

2.17±0.16
0.000

4.13±0.27
0.000

0.60±0.11
0.000

MT-PCO
p2
p3

44.13±0.83
0.000
0.000

13.90±0.53
0.000
0.000

5.57±0.27
0.000
0.000

3.40±0.20
0.000
0.000

1.33±0.12
0.000
0.000

2.60±0.18
0.000
0.000

p: Probability
p1: significance between control and PCO groups.
p2: significance between PCO and MT-PCO groups.
p3: significance between control and MT-PCO groups.

Table 3

Mean thickness (µm) of granulosa (Gc) and theca interna cells (ThI) of preantral, antral and
cystic follicles in control, PCO and MT-PCO groups. Values are represented as mean ±stan-
dard error of mean (SEM). N=30 measurements/measured parameter/group

Group/parameter Preantral follicle Antral follicle Cystic follicle

Control
Gc
ThI

55.40±1.06
15.67±0.26

50.20±0.82
14.77±0.23

0.00
0.00

PCO
Gc
ThI
p1a
p1b

36.70±0.81
22.40±0.60

0.000
0.000

28.43±0.87
33.13±0.83

0.000
0.000

11.87±0.43
42.03±0.85

0.000
0.000

MT-PCO
Gc
ThI
p2a
p2b
p3a
p3b

47.03±0.98
18.30±0.39

0.000
0.000
0.000
0.000

45.40±1.07
20.20±0.49

0.000
0.000
0.000
0.000

24.03±0.60
27.97±0.89

0.000
0.000
0.000
0.000

p: Probability
a: significance when comparing Gc thickness between groups.
b: significance when comparing ThI thickness between groups.
p1: significance between control and PCO groups
p2: significance between PCO and MT-PCO groups.
p3: significance between control and MT-PCO groups.
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ogy of hyperandrogenism and chronic anovulation
yet, the etiology of obesity in such cases was not
understandable since a nasty cycle of IR, abdomi-
nal fatness and hyperandrogenemia were proposed
(VRBIKOVA & HAINER 2009). The recognized de-
crease in the body weight in MT treated rats in the
present work raises the effectiveness of MT in re-
duction of obesity in PCO. Our results are in
agreement with GHANDI et al. (2011) and AGARWAL
et al. (2010) who found that treatment with MT
caused a significant reduction in body weight,
BMI and waist circumference. In summary, sig-
nificantly decreased BWG to the normal value in
the MT-PCO group compared to the PCO group
might provide another explanation to the lowered
testosterone level in this group, since weight loss is
well known to decrease androgen levels and re-
store ovulation in PCOS (APTER 1998). Therefore,
we suggest that a reduction in circulating insulin
levels by MT might be one of the mechanisms for
weight reduction-related reproductive paybacks.

PCO was also recognized by the appearance of
large, thick walled follicular cysts with no oocytes,
degenerated granulosa cells and thick theca cell
layer. Additionally, TEM examination revealed that
the follicular cells had irregular nuclei with areas
of chromatin loss and cytoplasmic degeneration.
Moreover, granulosa cells had dense small nuclei
with hyperthecosis of theca cells containing many
lipid droplets as previously described by CHANG
(2007), LOMBARDI et al. (2014) and POORNIMA

et al. (2015). Statistically, a highly significant de-
crease in the mean number of all types of follicles,
corpora lutea, mean thickness of granulosa cell
layer was observed, whereas a highly significant
increase in thickness of theca interna cells layer was
further detected in this group. Such observations
are in accordance with the findings of some former
studies (MANNERÅS et al. 2007; KARIMZADEH et al.

2013; SUN et al. 2013). The thickening of theca
cell layer and accumulation of lipid within might
reflect increased ovarian androgen synthesis which
led to early follicular discrimination and conver-
sion of the primordial follicles to primary ones.
Also, this thickening reflects the addition of lutei-
nized granulosa cells in the cyst wall rather than
true hyperplasia (MANNERÅS et al. 2007). Raised
androgen levels caused an increase in the adipocytes
and disturbed both enzymes and proteins concerned
in lipid metabolism (LOMBARDI et al. 2014)

MT treatment improved the histological and ul-
trastructural picture of the ovary which was sup-
ported by a detection of an increase in the number
of all types of follicles, corpora lutea, thickness of
granulosa cells and decrease in the number of fol-
licular cysts and thickness of theca interna of
mature follicles. MT was proved to cause a diminu-
tion in the completion of meiosis 1 by mouse oo-
cytes in vitro and an increase in the liberation of
mature oocytes and their total number in vivo

(SABATINI et al. 2011). Previous data verified an
antiapoptotic effect of MT on luteinized granulosa

Fig. 9. Clustered bars representing the mean area % of VEGF-A & CTGF-1 immunoexpression in ovarian tissue of Control,
PCO & MT-PC groups. Both VEGF-A & CTGF-1 show a highly significant increase when PCO group is compared to control
and a decrease when it is compared to MT-PCO groups, p�0.001*** between the groups. Values are expressed as mean ± standard
error of mean (SEM) (red colored values).
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cells in PCOS patients undergoing IVF (ONALAN
et al. 2005). Furthermore, MT caused improve-
ment of oxidative stress, endothelial dysfunction
(KOCER et al. 2014) and numerous inflammatory
markers (DIAMANTI-KANDARAKIS et al. 2006).
Also, adding MT to the ovarian stimulation proce-
dure in PCOS women reduced the risk of ovarian
hyperstimulation syndrome, incidence of early
pregnancy loss and gestational diabetes (SAN-
GRAULA et al. 2009; TSO et al. 2009). MT im-
proved the action of insulin on oocyte glutathione
(GSH) content which drives out the free radicals
from the oocytes resulting in better oocyte profi-
ciency (MOTTA 2010).

The PCO group in the current work showed
strong positive immune reaction for VEGF while
in the MT-PCO group; this immuoreactivity was
limited to some blood vessels, top cells of granu-
losa layer and few stromal cells. These data were
consistent with the works of PEITSIDIS and
AGRAWAL (2010) and MIAO et al. (2012). Previ-
ous studies found an increase in the number and
volume of blood vessels in the theca interna and
medulla of ovaries in PCO rats as shown in the cur-
rent work. VEGF is a key regulator of angiogene-
sis and controls the proliferation, migration,
differentiation, and survival of endothelial cells
(STAHMANN et al. 2010). Another report detected
significant augmentation of the vascular diameter
in PCO model mice than controls (ZHOU et al.

2008). In PCOS, hyperandrogenism and hypergly-
cemia may be capable of promoting inflammation
resulting in generation of reactive oxygen species
(ROS) from peripheral blood mononuclear cells
and subsequently increases in IL-6, COX-2 and
VEGF. The increase in the thickness of follicular
theca and the ovarian stroma volume may be due to
neoangiogenesis and VEGF expression in the
ovary (BARAVALLE et al. 2006). These observa-
tions indicate that in addition to formation of fol-
licular cysts, increased vascularity could be
a characteristic feature of PCO syndrome. Anti-
VEGF therapy has been demonstrated to be useful
in the treatment of pathological angiogenesis.
Many prior clinical studies confirmed that diabetic
patients treated with MT were unlikely to have
vascular complications. Furthermore, it has a re-
markable potential to treat vascular dysfunction
and tumor angiogenesis in conditions other than
diabetes. MT alleviated the diabetic retinopathy
apparently throughout attenuating retinal and
choroidal neovascularization by inhibition of
VEGF signaling (KANNARKATT et al. 2016; YI
et al. 2016). Once more, MT triggered AMP-
activated protein kinase (AMPK) which mediates
regulation of angiogenesis and endothelial cell
function (TAKEUCHI et al. 2013). Surprisingly, it
inhibited endothelial progenitor cell angiogenesis

through stoppage of the autophagy pathway (MA
et al. 2017).

Our results showed strong CTGF expression by
ovarian follicles and interstitial connective tissue
stroma in the PCO group and their decrease in the
MT-PCO group. Ovarian follicular development
involves uninterrupted modification of the extra-
cellular matrix to form the basement membrane
and intercellular framework so as to maintain
growth and differentiation of granulosa cells. It
could be that ovarian fibrosis results from the de-
generation of granulosa cells, which causes inter-
stitial hyperplasia and collagen deposition. PCOS
model in rats was a resource of profibrotic protein
signaling such as TGF-â, CTGF and extracellular
matrix (WANG et al. 2018). CTGF has an impor-
tant role in collagen biosynthesis, cell motility and
angiogenesis. Accordingly, overexpression of
CTGF encourages fibrosis while its inhibition im-
proves tissue repair and function (ZHOU et al.

2008; ZHANG et al. 2013; ZHOU et al. 2017)

Moreover, granulosa derived CTGF is the main
stimulus for development and remodeling of theca
cells (HARLOW et al. 2002). WANDJI et al. (2000)
noted increased CTGF mRNA protein levels
around vascular endothelial cells in pig ovarian
follicles. ZHANG et al. (2013) detected increased
expression of CTGF in the ovarian and uterine tis-
sues of PCO rats compared to the controls which
was attenuated by MT intake. MT has shown to be
very efficient in reversing fibrosis by upregulating
phosphorylated AMPK expression which attenu-
ates ROS-induced oxidative stress (LEE et al.

2012; KUMAR et al. 2017). Interestingly, use of
MT decreased the degree of lung damage and low-
ered the expression levels of the fibrosis markers
and á-actin thus preventing bleomycin induced
pulmonary fibrosis (LI et al. 2015). In addition,
MT was also proved to significantly alleviate the
lesions of hepatic steatosis and fibrosis, through
marked reduction in the expressions of alpha-
SMA and TGFâ1 in liver tissue of type 2 diabetic
rats (QIANG et al. 2010). All these observations
proved the role of CTGF in the occurrence of fi-
brosis in PCOS and function of MT as antifibrotic
therapy.

Conclusion

From the present study, it can be concluded that
increased insulin sensitivity, restoration of normal
insulin, androgen levels and reduction of body
weight in addition to the anti-angiogenic, anti-
fibrotic effects of MT can improve histological,
ultrastructural and associated hormonal changes
in induced PCO in rats. Therefore, MT could be
apromising treatment forPCOSassociated infertility.
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