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ABSTRACT

Introduction: Polycystic ovary syndrome (PCOS) is characterized by polycystic ovarian follicle morphology, ovulatory
dysfunction, hyperandrogenism and insulin resistance. Spexin has a role in satiety control, lipid and glucose metabolism.
Metformin is an insulin sensitizing agent that has some hepato-protective functions.

Aim: This study aimed to declare and compare the effect of spexin and metformin treatment on ovarian and liver function
changes in letrozole-induced PCOS in rats and the possible mechanisms involved.

Materials and Methods: Thirty-two adult female Wistar albino rats divided into control, polycystic ovary syndrome (PCOS),
PCOS metformin-treated, and PCOS spexin-treated groups. In PCOS groups, rats were given oral letrozole 0.5 mg/kg dissolved
in 0.9% NaCl once daily along the study. In PCOS metformin-treated group, rats were treated with metformin hydrochloride
orally (300 mg/kg/day) for the last 4 weeks. In PCOS spexin-treated group, rats were treated with spexin i.p. 35 ug/kg/day,
dissolved in normal saline for the last 4 weeks.

Results: In PCOS group, there was a significant increase in; BMI, relative ovarian weight, HOMA-IR, serum (LH, FSH,
testosterone, insulin, glucose, TC, TG, LDL, ALT, AST, alkaline phosphatase, total & direct bilirubin) and hepatic (MDA, NO
& TNF-a), with a significant decrease in; serum [estradiol, progesterone, HDL, albumin and spexin] and hepatic GPX, when
compared with the control group. Histopathological results showed ovaries of PCOS marked expression of caspase-3 and P53
and decreased KI67 expression of granulosa and theca cells. Vacuolated hepatocytes, dilated and congested portal vein and
positive reaction of immunostaining with aSMA, caspase and TNFa. Treatment of PCOS rats with either metformin or spexin
reversed these changes significantly.

Conclusion: Spexin serum level could be used as a metabolic biomarker for polycystic ovary syndrome. Also, treatment
with either metformin or spexin ameliorated ovarian and hepatic dysfunctions in rat model of PCOS through their insulin
sensitizing, anti-oxidant and anti-inflammatory effects.
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is an
endocrine disorder characterized by polycystic ovarian
follicle morphology, ovulatory dysfunction and
hyperandrogenism!!. It is the most common cause of
anovulatory infertility in women during reproductive
period®. Diamanti-Kandarakis and Dunaif® and Manco,
Castagneto-Gissey™! reported that PCOS was associated
with glucose/insulin intolerance, obesity, dyslipidemia,
endothelial dysfunction, oxidative stress and increased
systemic inflammation. Liver diseases remain one
of the serious health problems throughout the world
associated with a high rate of morbidity and mortality®.
Barfield, Liu®®, Targher, Solagna”? and Vassilatou,
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Lafoyianni® had been noted that women with PCOS
had an increased prevalence of liver changes as non-
alcoholic fatty liver disease (NAFLD), steatosis, fibrosis
and elevated liver enzymes irrespective of presence of
obesity or overweight. As insulin resistance plays a key
role in PCOS pathophysiology, insulin sensitizing agents
were used in its treatment. Metformin acts as an insulin
sensitizing agent causing a reduction of hepatic glucose
secretion and increase of peripheral glucose utilization
with positive effects on insulin resistance, body weight,
and menstrual cycling in PCOSP). Loomba, Lutchman”
reported a beneficial effect of metformin on liver function
with improvement of liver enzymes and hepatic steatosis
(HS). Also, Haukeland, Konopskil', Gangale, Miele!'?
and Tan, Vollmar® demonstrated improvement of
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liver enzymes in patients with PCOS under metformin
treatment. Spexin, a peptide hormone, is expressed widely
in human and rat normal endocrine and epithelial tissues
including ovary, liver, pancreas and adipose tissuel'*!5),
Few and contradictory data were available on changes in
serum levels of spexin in cases of PCOS. Anik Ilhan and
Yildizhan!'®! and Guler and Demir!'” reported that women
with PCOS had significant lower levels of serum spexin in
comparison to the controls, while Flora, Vasiliki"® found
no significant differences in serum spexin concentrations
in adolescents with PCOS in comparison with controls. Ge,
Walewskil!”! declared that spexin treatment in mice with
HS/ NAFLD inhibited hepatocellular long-chain fatty acid
uptake and reduced HS. As scarce data were available on
the effect of spexin treatment on ovarian and liver function
changes in rats with PCOS, thus this study was designed to
investigate the possible effects of spexin and metformin on
changes in ovarian and liver functions in letrozole-induced
PCOS inrats and the possible mechanisms involved through
evaluation of biochemical, antioxidant, anti-inflammatory
and histopathological changes in ovarian and liver tissues.

MATERIALS AND METHODS

This study was performed in Physiology Department,
Zagazig Faculty of Medicine, during the period between
December 2019 and March 2020. Thirty-two adult female
Wistar albino rats weighing 170-195 g and exhibiting
normal estrous cycle were taken from Animal House,
Faculty of Medicine, Zagazig University. Animals were
housed in steel wire cages (50x30x20 cm), 4 rats/cage,
under hygienic conditions with room temperature being
maintained at 25+2°C and normal light/dark cycle for
acclimation period of 2 weeks. Animals were given
standard chow and water ad libitum. Rat standard chow
was obtained from Faculty of Agriculture, Zagazig
University, and consisted of protein 25.8%, carbohydrates
62.8% and fat 11.4%. The experimental protocol in this
study was conducted according to the data guiding the use
of research animals and was approved by the Institutional
Animal Care and Use Committee, Zagazig University
(ZU-IACUC/3/F/11/2021).

After the period of acclimatization, rats were equally
and randomly divided into control, polycystic ovary

Table 1: Experimental Design

syndrome (PCOS), PCOS metformin-treated, and PCOS
spexin-treated groups (Table 1). In the control group, rats
were fed standard chow along the study (7 weeks) with free
access to water and each rat was given orally 1 ml 0of 0.9%
NaCl once daily by oral gavage. In PCOS group, rats were
fed standard chow along the study with free access to water
and each rat was given orally (using oral gavage) letrozole
(non-steroidal aromatase inhibitor) 0.5 mg/kg dissolved in
0.9% NaCl once daily along the study™”. Also, each rat
in PCOS group was given orally 1 ml of 0.9% NaCl once
daily by oral gavage for the last 4 weeks of this 7-weeks
study. Letrozole was purchased from Sigma-Aldrich Co.,
England. In PCOS metformin-treated group, rats were
managed as in PCOS group except that in the last 4 weeks
of the study (from the start of 4" week to the end of 7%
week) they were treated with metformin hydrochloride
(obtained as Cidophage 500 mg tabs, from CID, Egypt)
orally (300 mg/kg/day)®?"! by oral gavage. In PCOS spexin-
treated group, rats were managed as in PCOS group except
that in the last 4 weeks of the study, they were treated
with spexin (Phoenix Pharmaceuticals; Belmont, CA,
USA), intraperitoneal (i.p.) 35 pg/kg/day, dissolved in
normal saline. Both the control and PCOS groups were
injected intraperitoneally daily by 0.5 ml normal saline
for the last 4 weeks of the study. During the experiment,
phases of the estrous cycle were monitored by analysis of
relative proportion of leukocytes, cornified and epithelial
cells in the vaginal smear. A vaginal smear was obtained
daily at 8-9 am by vaginal washing with saline, and the
fresh unstained samples were evaluated microscopically
to investigate the phase of the estrous cycle*?!. Cycles
with duration of 4 to 5 days were considered regular. Estrus
phases were determined according to Goldman, Murr® by
examining the vaginal smear into proestrus (predominance
of nucleated epithelial cells with smooth margins),
estrus [large non-nucleated cornified (keratinized) cells
with irregular margins]met estrus (many cornified cells
plus infiltration of leukocytes), and diestrus (absence
of the cornified cells and presence of small leukocytes).
The observation of cornified cells in the smears during
a minimum of 10 consecutive days was considered as a
persistent estrous, indicating anovulation and development
of follicular cysts/.

Control PCOS PCOS metformin-treated PCOS spexin-treated
Duration of the study (weeks) 7 7 7 7
Number of rats 8 8 8 8
Oral letrozole treatment along the study \ N \
Oral saline along the study \
Oral saline for the last 4 weeks \/ J
Oral metformin treatment for the last 4 weeks N
1.p. injection of spexin for the last 4 weeks J
i.p. injection of normal saline for the last 4 weeks \ \

PCOS, polycystic ovary syndrome; i.p. intraperitoneal.
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At the end of the study, rats weighed and final body
mass index (BMI) were calculated according to Novelli,
DinizP® from the following equation: BMI =body weight
(g)/length2 (cm2) (from nose to anus).

Rats were anaesthetized by thiopental (50mg/kg)?™;
blood samples were collected from rat tail vein (sampling
ofrats in control group was taken in the estrus phase). Blood
was left 30 minutes at room temperature for clotting, then,
centrifuged at 3000 rpm for 15 minutes, the supernatant
serum was stored at -20°C until assay. In the Biochemistry
Laboratory, Zagazig Faculty of Medicine, collected serum
was used to measure levels of luteinizing hormone (LH),
follicle stimulating hormone (FSH), glucose and insulin
using commercial kits (MyBioSource.com, California,
USA) with catalog No., MBS764675, MBS2502190,
MBS7233226 and MBS289124; respectively. Also,
commercial kits were purchased (Sigma-Aldrich, USA)
for estimation of estradiol, progesterone and testosterone
levels with catalog No., SE120084, SE120087 and
SE120089; respectively. Serum spexin level was assessed
using commercial kits (catalog No. DEIA10757; Creative
Diagnostics, USA), with detection range 0-100 ng/ml and
sensitivity 0.11 ng/ml.

Homeostasis model assessment of insulin resistance
(HOMA-IR) index = Fasting serum glucose (mg/dl) x
Fasting serum insulin (u[U/m1)/4057%)

Homeostasis model assessment of B-Cell function
(HOMA-B) = (360 x Fasting insulin in plU/ml)/(Fasting
glucose in mg/dl-63)2%

Estimation of lipid profile

Kits for estimation of serum levels of total cholesterol
(TC), triglycerides (TG) and high-density lipoprotein
(HDL) were purchased from LifeSpan BioSciences,
Washington, USA (catalog No. LS-F27920, LS-F66463
and LS-F54296, respectively).

Serum low-density lipoprotein (LDL)
(mg/dl)= (TC) — [(HDL) + (TG/5)]%

levels

After finishing blood sampling, rats were sacrificed by
cervical dislocation, their abdominal cavities were opened,
ovaries and liver were dissected and weighted. Relative
ovarian weight (g/100g body weight) was calculated®!.

Assessment  of  oxidative/antioxidative  and

proinflammatory parameters

The liver specimens were removed quickly, washed
with cold saline to exclude blood cells, and blotted on
filter paper. The liver was divided into two parts. The
1% part (1g) was suspended in 4 ml physiological saline
0.9% Nacl for homogenization. The tissue homogenate
was centrifuged at 3000 rpm for 20 minutes at 40C. The
supernatants were kept at -200C in Eppendorf tubes until
biochemical assaysP?. With commercial ELISA Kkits,
estimation of hepatic malondialdehyde (MDA) (catalog
No. ABIN6240809; antibodies-online, Schloss-Rahe-Str.,
Aachen, Germany), hepatic glutathione peroxidase (GPX)

(catalog No. MBS744364; MyBioSource.com, 153308
San Diego, California, USA), hepatic nitric oxide (NO)
(catalog No. DEIA-BJ2206; Creative Diagnostics, USA)
and hepatic tumor necrosis factor-alpha (TNF-a) catalog
No. EK0526; BosterBio, Pleasanton, USA) was done. The
2" part of the liver was placed in 10% formalin solution for
histopathological investigation.

Histopathological examination
Ovarian and liver histopathology

Dissected right ovaries and liver specimens were fixed
in buffered formalin 10% at room temperature, processed
for paraffin sections of thickness of 5 um, sections
mounted on balsam coated slides in case of Hematoxylin
and Eosin (H&E) staining and poly-L-lysine coated and
charged slides in case of immunostaining. The sections
were subjected to the following histological stains:

e Hematoxylin and Eosin (H&E)™3.

¢ Immunohistochemical staining of ovarian and
liver specimens:

KI67 antibodies to test for proliferation of granulosa
cells according toP*.

To investigate p53 and anti-caspase 3 according to?**.
To detect & SMA according to®.
Immunohistochemistry for TNF-alphal*7..

Avidin—biotin complex was applied to the sections.
They were incubated at +40C overnight, deparaffinized
and rehydrated by a series of graded alcohols. Boiling
the sections in 0.1 M sodium citrate to perform antigen
retrieval then were immersed in 3 % H,O, to inhibit
endogenous peroxidase activity. The sections were then
incubated with 10 % normal goat serum for 1 h at room
temperature to block the non-specific binding of antibodies,
after which they were incubated with primary antibodies
targeting KI67 [Anti KI67 antibody: K167 (Clone SP6):
A rabbit monoclonal antibody (Lab Vision Corporation
laboratories, USA, RM-9106-R7)], p53 (Abcam, rabbit
polyclonal IgG, Cat. #ab8105), active caspase 3 (Novus,
rabbit polyclonal IgG, Cat. #NB100- 56113), anti-a-SMA,
(clone 1A4, at 1: 1,200 dilutions in PBS, bought from
BioGenex) and Immunohistochemistry for TNF-alpha was
performed by using TNF-alpha IHC Antibody (polyclonal,
Abbiotec, San Diego, CA, USA) diluted at 1:80 in
phosphate- buffered saline (PBS). Biotinylated anti-rabbit
antibody (Vector Laboratories, Burlingame, CA, USA)
was added to the sections for 30 min at room temperature.
Staining tissue sections without the primary antibody
were negative controls. The antigen—antibody complex
was detected using a streptavidin—biotin—peroxidase kit
(Vector Laboratories). Finally, the sections were developed
using a 3,3-diaminobenzidine substrate kit (DAB, Vector
Laboratories) to visualize immunolabelling and were
counterstained with Mayer’s hematoxylin.
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Morphometric study

In Anatomy Department in Zagazig Faculty of
Medicine, the image analyzer (the Image J software plugin)
was used as follow:

Sections of H&E were analyzed morphometrically by
using image analyzer computer system. Data were collected
by using Leica Qwin 500 Image Analyzer Computer
System (England) in the image analysis unit in Human
Anatomy and Embryology Department. The number of
cystic follicles was estimated by using the measuring field
menu in H&E slides of ovary in random microscopic areas
under 100 high power fields. A mean of 15 readings was
estimated from 5 serial sections from slides of each animal
in each group.

To evaluate ovarian morphology and follicle number,
H&E staining were applied on every 20™ section of the
ovary so that each section was separated by a distance of
approximately 50-60 pum from the next 20th section to
avoid counting the same follicle twice***°!. Only oocyte
containing ovarian follicles were considered and follicles
were classified as primordial follicle (flattened follicular
cells surrounding the oocyte), unilaminar primary follicle
(one layer of cuboidal follicular cells surrounding the
oocyte) and multilaminar primary follicle (two or more
layers of cuboidal follicular/granulosa cells surrounding the
oocyte), secondary follicle (one or more cavity inside the
granulosa layer with no visible antrum), Graafian follicle
(a large antral cavity filled with secretory fluid)*” and
atretic follicle (presence of signs of oocyte and/or granular
degeneration such as pyknosis of the nucleus, infolding of
the cell wall in oocyte, ingression of granulosa cells within
the antral cavity, pulling away of granulosa cells from
the basement membrane, in folding or thickening of base
membrane and uneven layers of granulosa cells)?®,

In addition, the area of K167, caspase-3 and P53 positive
immune reaction was measured in KI67, caspase-3 and
P53 immune stained sections of ovary respectively under
400 high power fields. Moreover, the area of o SMA,
TNF-alpha, and caspase-3 positive immune reaction was
measured in o SMA, TNF-alpha, and caspase-3 immune
stained hepatic sections respectively under 400 high power
fields.

The ovarian scorings were done in 8 non-overlapping
sections (x400) from each slide. A histopathological study
of each parameter was done e.g. degeneration, congestion,
edema, and hemorrhage based on a scoring system
where none = 0, mild = +1, moderate = +2, and severe
= +3. The total scores were estimated according to these
parameterst*!,

Histopathological alterations in liver were evaluated
and scored as (0) indicated no changes, (1), (2) and (3)
indicated mild, moderate, and severe changes, respectively,
while the grading was determined by percentage as follows:
(< 30%) showed mild changes, (30-50%) indicated
moderate changes, and changes more than 50% indicated
severe changest**#],

Statistical Analysis

The obtained data were expressed as mean + standard
deviation (SD). For statistical significance, one-way
analysis of variance (ANOVA) and Tukey HSD for Post
hoc multiple comparisons were used to compare means.
The software, IBM SPSS Statistics (Version 26 Software
for Windows), was used for that purpose. Also, GraphPad
Prism (Version 8 Software for Windows) was used to
analyze the Pearson's correlation between serum spexin
and different studied parameters within PCOS group.
Significance was considered with P value < 0.05. For
statistical significance of ovarian and hepatic scoring,
Kruskal-Wallis test and Tukey HSD for Dunn's Multiple
Comparison Test was used to compare means as the data
was not normally distributed.

RESULTS

Estrous cyclicity

All rats in the control group showed regular estrous
cycles with a duration of 4-5 days. In the PCOS group, rats
were completely acyclic and exhibited a constant estrous
state when compared with that in the control group. With
either metformin or spexin treatment, PCOS rats showed
normal estrous cycles in comparison to rats of the control
group.

Changes in final BMI and relative ovarian weight in
different studied groups (Table-2)

In PCOS group, there was a significant increase in final
BMI and relative ovarian weight when compared with
the control group. On treatment of PCOS rats with either
metformin or spexin, a significant reduction was recorded
in both final BMI and relative ovarian weight as compared
with the PCOS group.

Changes in serum level of gonadotrophins and sex
hormones in different studied groups (Table-2)

There was a significant increase in serum level of LH,
FSH and testosterone, with a significant decrease in serum
level of estradiol and progesterone in PCOS group when
compared with the control group. These changes were
significantly reversed by treatment of PCOS rats with
either metformin or spexin as compared with PCOS group.

Metabolic changes in different studied groups (Table-2)

In PCOS group, there was a significant increase in
serum (insulin, glucose, TC, TG and LDL), and the value
of HOMA-IR, with a significant decrease in serum level
of HDL and the value of HOMA-B when compared with
the control group. All these changes were significantly
reversed (except for the value of HOMA-B which showed
no significant change) by treatment of PCOS rats with
either metformin or spexin as compared with PCOS group.

Changes in serum level of spexin in different studied
groups (Table-2)

There was a significant reduction in spexin serum level
in both PCOS and PCOS metformin-treated groups when
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compared with control group. On treatment of PCOS rats
with either metformin or spexin, significant elevation in
serum spexin was recorded in comparison to PCOS group.

Liver function changes in different groups (Table-3)

In PCOS group, there was a significant increase in
serum (ALT, AST, alkaline phosphatase, total & direct
bilirubin) and hepatic (MDA, NO & TNF-a), with a
significant reduction in serum albumin and hepatic GPX
when compared with the control group. All these changes
were significantly reversed on treatment of PCOS rats with
either metformin or spexin as compared with PCOS group.

Correlation between serum spexin level and some
studied parameters within the PCOS group (Table-4)

There was a significant negative association between
serum spexin level and each of final BMI, serum
testosterone, serum glucose, HOMA-IR, serum TC, serum
ALT, serum AST, and hepatic TNF-a. On the other hand,
there was a significant positive correlation between serum
spexin and each of serum estradiol, serum HDL, serum
albumin and hepatic GPX.

Histopathological analysis of the ovary
Ovarian H&E

In control rats, the ovarian section was formed from
cortex and medulla (Figure 1a). The cortex is formed of
multiple stages of ovarian follicles, primordial follicle,
primary follicle, secondary follicle, Graafian follicle and
corpus luteum (Figure 1b). The nuclei of their follicular
cells were pale. The primary follicles were with its 2
types, the uni-laminar follicle and multi-laminar follicle
lined with follicular cells containing the primary oocyte
which was lined with zona pellucida (Figure 1lc). The
Graafian follicle contained antrum which was lined with
granulosa cells, theca interna cells and theca externa cells
(Figure 1d). The ovarian section of PCOS group was
formed of cortex; had corpus luteum, multiple atretic and
cystic follicles (Figure le), and medulla that filled with
congested blood vessels (Figure 1f). The atretic follicle
was lined with multiple layered vacuolated granulosa,
theca interna and theca externa (Figure 1g). The cystic
follicles were noted near congested blood vessels
(Figure 1h). Ovarian section of PCOS metformin-treated
albino rat was formed of cortex and medulla, with corpus
luteum, Graafian follicle, primary, atretic and cystic
follicles (Figure 2a). The cortex showed multiple primary
and secondary follicles with few congested blood vessels
(Figure 2b). The Graafian follicle contained antrum and
lined with granulosa cells, theca interna cells and theca
externa cells. (Figure 2c). Ovary of PCOS spexin-treated
albino rat showed corpus luteum, Graafian follicle,
atretic and cystic follicles with some areas of congestion
(Figure 2d). Graafian follicle was formed from granulosa
cells, secondary oocyte, surrounded by zona pellucida,
corona radiata and attached by a base formed from cumulus
oophorous, theca interna and theca externa and antrum
(Figures 2e, 2f).

Ovarian immunostaining for K167

Ovary of control group showed strong KI67 positive
cells in all granulosa cells, theca interna and theca externa
cells (Figure 3a). In PCOs group there was an apparent
decrease in KI67 positive cells in all granulosa cells,
theca interna and theca externa cells (Figure 3b). In PCOs
metformin-treated group, ovarian specimen showed
moderate immune reaction for KI67 in all granulosa cells,
less in theca interna and theca externa cells (Figure 3c).
On treatment of PCOS with spexin, there was strong
presentation of KI67 positive cells in all granulosa cells,
fewer in theca interna and theca externa cells (Figure 3d).

Ovarian immunostaining for caspase-3

Section of control group showed very weak positive
cytoplasmic caspase-3 reaction in all granulosa cells,
theca interna, theca externa cells and stromal cells,
with minimal observable reaction in their nuclei
(Figure 3¢). In PCOS group, there was an apparent increase
in cytoplasmic positive caspase-3 reaction in all granulosa
cells, theca interna, theca externa cells and stromal cells
and in their nuclei (Figure 3f). In PCOS metformin-treated
group, there was moderate to severe positive cytoplasmic
caspase-3 reaction in of in all granulosa cells, less in
theca interna and theca externa cells and their nuclei
(Figure 3g). In PCOS spexin-treated group, there was a
moderate presentation of cytoplasmic positive caspase-3
reaction in all granulosa cells, theca interna, theca externa
cells and stromal cells and their nuclei (Figure 3h).

Ovarian immunostaining for P53

Ovarian section of a control rat showed very weak
positive P53 reaction in all granulosa cells, theca interna,
theca externa cells and stromal cells (Figure 3i). There
was an apparent increase in positive P53 reaction in all
granulosa cells, theca interna, theca externa cells and
stromal cells of ovary of PCOS group (Figure 3j). This
reaction showed mild positivity in all granulosa cells and
less in theca interna and theca externa cells in PCOS rats
treated with either metformin or spexin (Figures 3k, 31).

Histopathological analysis of the liver
Hepatic H&KE

In control rats, liver section showed well preserved
cords of polygonal acidophilic hepatocytes with vesicular
nuclei. Thin blood sinusoids radiating from thin walled
central vein, between hepatocytes cords and their
lining endothelium are seen (Figure 4a). The portal area
contained a thin walled portal vein and bile duct lined
with cuboidal cells (Figure 4e). However, in the liver
of PCOS rats there was congested thick-walled central
vein (CV) with highly vacuolated hepatocytes with dark
nuclei, degenerated hepatocytes and areas of congestion
(Figure 4b). The portal area is formed of multiple bile
ducts, dilated congested portal vein had thick-walled
hepatic artery with inflammatory cells (Figure 4f). These
alterations decreased partially in PCOS metformin-treated
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group (Figures 4c, g) and markedly in PCOS spexin-
treated group (Figures 4d, h), as portal vein appeared thin
walled and narrow sinusoids. Vacuolated hepatocytes were
minimal with little inflammatory cells.

Immunohistochemistry of the liver
Hepatic immunostaining for a-SMA

Showing minimal reaction to anti a-SMA around the
portal vein and in-between the hepatocytes in control
group (Figures S5a, e). In PCOS group, there was an
apparent increase in a-SMA around both central vein a,
portal vein, hepatic artery and in-between the hepatocytes
(Figures 5b, f). This reaction decreased markedly in PCOS
spexin-treated group (Figures 5c, g) and to less extent in
PCOS metformin-treated group (Figures 5d, h).

Hepatic immunostaining for TNF-a

Control group showed negative immunoreaction for
TNF-a protein expression in the cytoplasm of hepatocytes
(Figure 5i). In PCOS rats, there was strong positive
immunoreaction for TNF-a in the cytoplasm of hepatocytes
(Figure 5j). That reaction decreased to become moderate
in PCOS metformin-treated group (Figure 5k) and weak
positive immunoreaction for TNF-a in the cytoplasm of
some hepatocytes in PCOS spexin-treated (Figure 51).

Hepatic immunostaining for caspase-3

There was a negative immunoreaction for caspase-3
expression in the cytoplasm of hepatocytes of control group
(Figure 5m). Meanwhile, PCOS group showed strong
positive immunoreaction for caspase-3 in the cytoplasm
and nuclei of hepatocytes (Figure 5n). Both PCOS spexin-
treated and PCOS metformin-treated groups showed a
weak to a moderate positive immunoreaction for caspase-3
in the cytoplasm of some hepatocytes (Figures 50, p).

Morphometric Results

H&E staining and follicle count: in addition to
morphological evaluation, analysis of the follicle counts
at each stage of folliculogenesis showed a significant
decrease of Graafian follicles and a significant increase

of atretic follicles in PCOS group than all other groups.
Graafian follicles count increased while atretic follicles
count decreased significantly in PCOS metformin-treated
and PCOS spexin-treated groups than PCOS group
(Table 5).

Morphometric analysis of area percent of different
immune staining of ovarian and liver sections in
different groups

» It showed significant decreased expression to KI67
in PCOS group than all other groups, while it was
increased significantly in PCOS spexin-treated
group than PCOS metformin-treated group but
still significantly less than control. Area percent of
caspase-3 and P53 immunoreaction of PCOS group
showed significant increase than all other groups. This
percent was decreased significantly in PCOS spexin-
treated group than PCOS metformin-treated group but
still significantly higher than control (Table 6).

e Area percent of a- SMA, TNF-a and Caspase-3
immunoreaction in liver sections of different groups
showed significant increase in PCOS group than all
other groups. The area percent of these immunostaining
showed significant decrease in PCOS spexin-treated
group than PCOS metformin-treated group (Table 6).

*  Scoring of both ovary and liver sections of different
groups showed moderate to severe changes in PCOS
group, while in PCOS metformin-treated and PCOS
spexin-treated groups, there were mild to moderate
changes (Table 7).

*  The ovarian scorings were based on a scoring system
where none = 0, mild =+ 1, moderate = +2, and severe
=+3.

e Liver was evaluated and scored as (0) indicated no
changes, (1), (2) and (3) indicated mild, moderate, and
severe changes, respectively, while the grading was
determined by percentage as follows: (< 30%) showed
mild changes, (30-50%) indicated moderate changes,
and changes more than 50% indicated severe changes.
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Fig. 1: Photomicrographs of sections in an ovary of control albino rat. a) The ovarian section is formed from cortex and medulla (M), with corpus luteum (CL)
and Graafian follicle (GF) (H&E, x500 pm). b) The cortex is formed from multiple stages of ovarian follicles, primordial follicle (Pre), primary follicle (Pf),
secondary follicle (Sf) and corpus luteum (CL) (H&E, x200 pm). ¢) The cortex is formed from multiple stages of ovarian follicles, primordial follicle (Pre),
primary follicles are with its 2 types, the uni-laminar follicle (Uf) and multi-laminar follicle (MF) lined with follicular cells (Fc) containing the primary oocyte
(PO) which is lined with zona pellucida (ZP) (H&E, x50 um). d) The Graafian follicle containing the antrum (A) lined with granulosa cells (G), theca interna
cells (TI) and theca externa cells (TE) (H&E, x50um). Photomicrographs of sections in ovary of PCOS albino rat. e) the ovarian section is formed from cortex
and medulla (M), with corpus luteum (CL), atretic (At F) and multiple cystic follicles (CF) (H&E, x500 pm). f) The cortex is formed from atretic (At F) and
cystic follicles (CF) while the medulla is filled with congested blood vessels (C) (H&E, x200um). g) The atretic follicle (At F) is lined with multiple layered
granulosa cells (G) with vacuolated cytoplasm (V), theca interna (TI) and theca externa (TE) also are observed. (H&E, x50um). h) The cystic follicles (CF) are
present with nearby congested blood vessels (C) (H&E, x50pum).

PFCO Metformin treated

PCO Spexin treated

Fig. 2: Photomicrographs of sections in ovary of PCOS metformin-treated albino rat. a) The ovarian section is formed from cortex and medulla (M), with
corpus luteum (CL), Graafian follicle (GF), primary (PF), atretic (At F) and cystic follicles (CF) (H&E, x500 pum). b) The cortex is formed multiple primary
(PF) and secondary follicles (SF) with few congested blood vessels (C) (H&E, x200um). ¢) The Graafian follicle containing the antrum (A) lined with granulosa
cells (G), theca interna cells (TI) and theca externa cells (TE) (H&E, x50pm). Photomicrographs of sections in ovary of PCOS spexin-treated albino rat. d) the
ovarian section is formed from cortex and medulla (M), with corpus luteum (CL), Graafian follicle (GF), atretic (At F) and cystic follicles (CF) with some areas
of congestion (C) (H&E, x500 um). ¢) The cortex is formed from graafian follicle formed from granulosa cells (G), secondary oocyte (Asterisk), surrounded by
zona pellucida (green zigzag arrow), corona radiata (red zigzag arrow) and attached by a base formed by Cumulus oophorus (CO), theca interna (TI) and theca
externa (TE) and antrum (A). Cystic follicles (CF) are also observed while the medulla is with few congested blood vessels (C) (H&E, x200pum). f) secondary
oocyte (Asterisk), surrounded by zona pellucida (green zigzag arrow), corona radiata (red zigzag arrow) and attached by a base formed by cumulus oophorus
(CO) (H&E, x50um).
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Fig. 3: Ovarian Immunostaining for KI167. (a) Strong Ki-67 positive cells (arrow heads) in all granulosa cells, theca interna and theca externa cells (control
group, x400). (b) An apparent decrease in K167 positive cells (arrow head) in all granulosa cells, theca interna and theca externa cells. (PCOS group, x400). (c)
Moderate immune reaction for KI67 (arrow heads) in all granulosa cells, less in theca interna and theca externa cells (PCOS metformin-treated group, x400).
(d) Strong presentation of KI67 positive cells (arrow heads) in all granulosa cells, fewer in theca interna and theca externa cells (PCOS spexin-treated group,
x400). Ovarian immunostaining for caspase-3: (¢)Very weak positive cytoplasmic caspase-3 reaction in all granulosa cells, theca interna, theca externa cells
and stromal cells, with observable reaction in their nuclei (zigzag arrow) (control group, x400). (f)An apparent increase in cytoplasmic positive caspase-3
reaction in all granulosa cells, theca interna, theca externa cells and stromal cells (arrows) and their nuclei (zigzag arrow) (PCOS group, x400). (g)Moderate to
severe positive cytoplasmic caspase-3 reaction in of in all granulosa cells, less in theca interna and theca externa cells (arrows) and their nuclei (zigzag arrow)
(PCOS metformin-treated group, x400). (h)Moderate presentation of cytoplasmic positive caspase-3 reaction in all granulosa cells, theca interna, theca externa
cells and stromal cells (arrows) and their nuclei (zigzag arrow) (PCOS spexin-treated group, x400). Ovarian immunostaining for P53. (i)Very weak positive
P53 reaction in all granulosa cells, theca interna, theca externa cells and stromal cells (control group, x400). (j)An apparent increase in positive P53 reaction in
all granulosa cells, theca interna, theca externa cells and stromal cells (arrow heads) (PCOS group, x400). (k)Mild positive P53 reaction in all granulosa cells
(arrow head), less in theca interna and theca externa cells (PCOS metformin-treated group, x400). (I)Mild presentation of positive P53 reaction in all granulosa
cells (arrow head), theca interna, theca externa cells and stromal cells (PCOS spexin-treated group, x400).
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Fig. 4: Photomicrographs of sections in liver of control albino rat. a) Hepatic section is showing central vein (CV) with polygonal hepatocytes have acidophilic
cytoplasm (H) and vesicular nucleus (N). Thin blood sinusoids (S) radiating between hepatocytes cords and their lining endothelium are seen (H&E, x50 pum).
e) The portal area contains a thin-walled portal vein (PV) and bile duct (Bd) lined with cuboidal cells (H&E, x50pum) Photomicrographs of sections in liver
of PCOS albino rat. b) Hepatic section is showing congested irregular-walled central vein (CV) with highly vacuolated hepatocytes (arrows) with dark nuclei
degenerated hepatocytes (arrow heads) and areas of congestion (curved arrows). (H&E, x50um). f) Hepatic section is showing highly vacuolated hepatocytes
(arrows) with dark nuclei degenerated hepatocytes (arrow heads) and areas of congestion (curved arrows). The portal area is formed of multiple bile ducts
(BD), dilated and congested portal vein (PV) and thick-walled hepatic artery (HA) surrounded with inflammatory cells (green arrow head) (H&E, x50 pm).
Photomicrographs of sections in liver of PCOS metformin-treated albino rat. ¢) Hepatic section is showing central vein (CV) with polygonal hepatocytes have
acidophilic cytoplasm (H) and vesicular nucleus (N) with some hepatocytes are binucleated (zigzag arrow). (H&E, x50 um). g) The portal area contains a
thin-walled portal vein (PV) and bile duct (Bd) lined with cuboidal cells and few inflammatory cells (green arrow head) (H&E, x50pum). Photomicrographs of
sections in liver of PCOS spexin-treated albino rat. d) Hepatic section is showing central vein (CV) with polygonal hepatocytes have acidophilic cytoplasm (H)
and vesicular nucleus (N). Thin blood sinusoids (S) radiating between hepatocytes cords and their lining endothelium are seen (H&E, x50 um). h) The portal
area contains a thin-walled portal vein (PV) and bile duct (Bd) lined with cuboidal cells with some inflammatory cells (green arrow head) (H&E, x50um).
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Fig. 5: Hepatic immunostaining for a-SMA. (a) Few a-SMA positive cells (thick arrow) around the central vein and in-between the hepatocytes (control group,
x400). (b) An apparent increase in a-SMA positive cells (thick arrow) around central vein. (PCOS group, x400). (¢) Moderate immune reaction for a-SMA
(thick arrow) around the central vein (PCOS metformin-treated group, x400). (d) Few a-SMA positive cells (thick arrow) around the central vein (PCOS
spexin-treated group, x400). Hepatic immunostaining for a-SMA. (e) Few a-SMA positive reaction (thick arrow) around the portal vein and in-between the
hepatocytes (control group, x400). (f) An apparent increase in a-SMA positive cells (thick arrows) around portal vein, hepatic artery and bile ducts (PCOS
group, x400). (g) Moderate immune reaction for a-SMA (thick arrow) around the portal vein and in-between hepatocytes (PCOS metformin-treated group,
x400). (h) Few a-SMA positive cells (thick arrow) around the portal vein hepatocytes (PCOS spexin-treated group, x400). Hepatic immunostaining for
TNF-a. (i) Negative immunoreaction for TNF-a protein expression in the cytoplasm of hepatocytes. (Control group, x400). (j) Strong positive immunoreaction
for TNF-a in the cytoplasm of hepatocytes (thin arrows) (PCOS group, x400). (k) Moderate positive immunoreaction for TNF-a in the cytoplasm of some
hepatocytes (thin arrow) (PCOS metformin-treated group, x400). (1) Weak positive immunoreaction for TNF-a in the cytoplasm of some hepatocytes (thin
arrow) (PCOS spexin-treated group, x400). Hepatic immunostaining for caspase-3. (m) Negative immunoreaction for caspase-3 expression in the cytoplasm of
hepatocytes. (Control group, x400). (n) Strong positive immunoreaction for caspase-3 in the cytoplasm and nuclei of hepatocytes (short arrows) (PCOS group,
x400). (0) Moderate positive immunoreaction for caspase-3 in the cytoplasm and nuclei of some hepatocytes (short arrows) (PCOS metformin-treated group,
x400). (p) Weak positive immunoreaction for caspase-3 in the cytoplasm of some hepatocytes (short arrow) (PCOS spexin-treated group, x400).

Table 2: Biochemical changes in different groups (number of rats in each group= 8)

Control PCOS PCOS metformin-treated PCOS spexin-treated

Final BMI (g/cm2) 0.51+0.02 0.6+0.02° 0.55+0.01% 0.54+0.012¢
Relative ovarian weight (g/100g body weight) 0.019+0.001 0.025+0.001° 0.021+0.0012%> 0.022+0.002°¢*
Serum LH (IU/ml) 2.24+0.07 5.15+0.06* 3.2240.05% 3.31£0.0%b&
Serum FSH (IU/ml) 3.44+0.05 4.57+0.06° 3.840.062° 3.840.092>
Serum Estradiol (pg/ml) 31.16+0.7 14.35+0.49* 26.2+0.642% 24.61£0.472b&
Serum Progesterone (pg/ml) 7.18+0.24 5.18+0.21* 6.19+0.22%> 5.9140.2:40
Serum Testosterone (pg/ml) 72.86+2.8 225.2+4.48° 160.1+2 .42 178.49+5.182b&e
Serum fasting insulin (uW[U/ml) 12.06+0.13 17.7740.22* 14.0240.34%> 14.1140.324>
Serum fasting glucose (mg/dl) 79.25+3.99 185.88+5.96° 137.38+5.733% 138.63+6.44%>
HOMA-IR 2.36+0.13 8.16+£0.19* 4.76+0.25 4.83+0.27°4
HOMA-B 282.21£71.5 52.243.07° 68.18+5.25* 67.56+5.63*
Serum TC (mg/dl) 145.5+4.75 236.88+5.91* 164+8.67% 169.63+8.232&>
Serum TG (mg/dl) 122.75+4.33 181.25+4.4° 140.38+3.11%%0 141.88+£4.26%4
Serum HDL (mg/dl) 61.63+2.67 3243.12° 50.88+2.232&b 49,542 450
Serum LDL (mg/dl) 59.33+5.45 168..63+7.41° 85.05+8.71%%0 91.75+£9.58%>
Serum spexin (ng/ml) 1.72+0.05 0.67+0.05° 1.25+0.06%* 1.72+0.06°%

Data were expressed as Mean+SD. *P<0.05 in comparison with control group. *P<0.05 in comparison with PCOS group. °P<0.05 in comparison with PCOS
metformin-treated group. PCOS, polycystic ovary syndrome; BMI, body mass index; LH, luteinizing hormone; FSH, follicle stimulating hormone; HOMA-
IR, homeostatic model assessment of insulin resistance; HOMA-B homeostasis model assessment of B-cell function; TC, total cholesterol; TG, triglycerides;
HDL, high-density lipoprotein; LDL, low-density lipoprotein.
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Table 3: Liver function changes in different groups (number of rats in each group= 8)

Control PCOS PCOS metformin-treated PCOS spexin-treated
Serum ALT (IU/L) 23.63+1.07 125.5+4.54° 46.75+3.01240 6242004
Serum AST (IU/L) 34.88+2.03 177.2547.11° 73.75+5.343&0 90:+5.95b&e
Serum alkaline phosphatase (IU/100 ml) 8.63+1.41 40.63+4.14 21422740 28.25+2.1200&
Serum albumin (g/dl) 4.38+0.04 2.71£0.07* 3.56+0.06*° 3.23+0.05%0&
Serum total bilirubin (mg/dl) 0.53+0.05 1.16+0.05* 0.62+0.0324> 0.69+0.0420%
Serum direct bilirubin (mg/dl) 0.31+0.03 0.69+0.04* 0.39+0.02°° 0.42+0.02°¢0
Hepatic MDA (nmol/g) 254.5+7.84 384.88+5.64* 295+5.18%® 308.75+6.78b&¢
Hepatic GPX (U/g) 89.63+2.71 42.49+1.82° 68.05+1.8%> 58.42+2.01b%
Hepatic NO (U/g) 15.13+0.43 28.3940.42° 19.16+0.72%> 21.33+0.4400&
Hepatic TNF-a (ng/g) 38.43x1.41 66.69+2.62° 45,0324 51.46+2 5104

Data were expressed as Mean+SD. *P<0.05 in comparison with control group. ®P<0.05 in comparison with PCOS group. °P<0.05 in comparison with PCOS
metformin-treated group. PCOS, polycystic ovary syndrome; ALT, alanine aminotransferase; AST, aspartate aminotransferase, MDA, malondialdehyde;
GPX, glutathione peroxidase; NO, nitric oxide; TNF-a, tumor necrosis factor- alpha.

Table 4: Pearson’s correlation coefficient (r) between serum spexin level and some studied parameters within the PCOS group

(number of rats= 8)

e o 2 . = — £ <
= o] o [~ g
Parameters s 8 g § S & Q[_{ % é 2 3 % 2 s
@ @ = o0 < =) = 5 S
= ° 5 2 = El g g £ B=] sz
£ E =g £ S 5 = g g g & Ik
Correlations = 5 8 5 = N A o) » 5 2
n 2l N
. r -0.928 0.967 -0.968 -0.98 -0.907  -0.766 0.942 -0.94 -0.868 0.948 0.912 -0.895
Serum spexin
P Value <0.001 <0.001 <0.001 <0.001 <0.01 <0.05 <0.001 <0.001 <0.01 <0.001 <0.01 <0.01

BMI, body mass index; HOMA-IR, homeostasis model assessment for insulin resistance; TC, total cholesterol; HDL, high-density lipoprotein; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; GPX, glutathione peroxidase; TNFa, tumor necrosis factor alpha.

Table 5: Follicle count in rat ovaries in different groups (number of rats in each group= 8)

Control PCOS PCOS metformin-treated PCOS spexin-treated
Graafian follicles 9.625+ 1.061 0.8750+0.8345* 4.125+0.8345° 6.750+0.707 1 20%¢
Atretic follicles 7.875+1.458 47.25+5.120¢ 33.3842.925%0 18.00£2.000%0%¢

Data were expressed as Mean + SD. *P<0.05 in comparison with control group. ®P<0.05 in comparison with PCOS group. ¢P<0.05 in comparison with PCOS

metformin-treated group. PCOS, polycystic ovary syndrome.

Table 6: Area Percentage of different immune reactions in different groups (number of rats in each group= 8)

Control PCOS PCOS metformin-treated PCOS spexin-treated
K167 57.99+5.045 16.02+2.315° 25.36+4.867 34.05+2.88b%e
Ovary Caspase-3 2.432+1.369 51.1+£3.58* 33.64+3.8490 26.15+3.255%b&
P53 2.066+0.6137 25.46+3.129° 15.7242.899%0 7.118+1.581b&
a-SMA 1.355+0.543 9.639+1.634° 4.56+0.93¢* 2.857+0.48&
Liver TNF-a 1.126+0.666 19.73+1.82° 9.828+1.966%° 3.568+1.438b4e
Caspase-3 7.078+1.615 45.61£3.576° 16.62+42.775% 10.6+1.0732&

Data were expressed as Mean + SD. *P<0.05 in comparison with control group. ®P<0.05 in comparison with PCOS group. ¢P<0.05 in comparison with PCOS

metformin treated group. PCOS, polycystic ovary syndrome, TNF-a. tumor necrosis factor- alpha.

Table 7: Scoring of ovarian and hepatic sections in different groups (number of rats in each group= 8)

PCOS

PCOS metformin-treated

PCOS spexin-treated

Control
Ovary 0.3750+0.5175
Liver 0.2500+ 0.4629

2.750+ 0.4629°
2.875+ 0.3536*

1.875+ 0.3536*
1.750+ 0.4629°

1.500+ 0.5345°
1.250+0.7071°

Data were expressed as Mean + SD. ?P<0.05 in comparison with control group. ®P<0.05 in comparison with PCOS group. °P<0.05 in comparison with PCOS

metformin treated group. PCOS, polycystic ovary syndrome.
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DISCUSSION

This study demonstrated the effects of metformin and
spexin treatment on ovarian and liver function changes
in letrozole induced PCOS rats by investigating estrous
cyclicity, endocrine profiles, metabolic changes, alterations
in selected markers for liver function, oxidative stress,
inflammation and histopathological changes in ovary and
liver. The present study confirmed that both metformin
and spexin ameliorated the changes in ovarian and liver
function in letrozole induced PCOS in rats.

In PCOS group, rats were completely acyclic and
exhibited a constant estrous state when compared with
that in the control group which indicated anovulation
as considered by Rezvanfar, Rezvanfar*). This was
accompanied by a significant increase in BMI, relative
ovarian weight, serum (LH, FSH and testosterone), with a
significant decrease in serum (estradiol and progesterone)
when compared with the control group. All these findings
confirmed occurrence of PCOS and impairment of ovarian
function (ovulation and steroidogenesis)***¢. Additionally,
histopathological examination of ovary confirmed PCOS
changes as manifested by corpus luteum, atretic and cystic
follicles lined with multiple layered vacuolated granulosa,
and medulla that filled with congested blood vessels in
ovarian specimen of PCOS rat and these finding supported
by significant increase in count of atretic follicles and
decrease of Graafian than control. In accordance, Jahan,
Abid*"! and Helal, Ismail* reported that rats treated with
letrozole developed PCOS in their ovaries similar to women
and their ovaries showed multiple cystic and atretic follicles.
Goodarzi, Dumesic*” stated that letrozole induced PCOS
by reducing ovarian conversion of androgens to estrogens
and caused a decrease in estradiol with an increase in
testosterone serum levels which developed cystogenesis
by impairing developing ovarian follicles maturation.
Also, Dumesic and Richards®™ and Yang, Choul*!! reported
that increased insulin caused disruption of folliculogenesis
via stimulating thecal cells testosterone over production.
GonzalezP4, Rezvanfar, Saeedi®®! and Cardoso, Ribeiro¥
suggested that increased testosterone was a causative agent
for chronic low-grade inflammation that stimulated further
ovarian testosterone production. Belgorosky, Sander™
and Murri, Luque-Ramirezl® declared that increased
serum TNF-a levels and oxidative stress arrested follicular
development through apoptosis in granulosa cells causing
poor oocyte quality and progressive atresia of the follicles.
These findings were confirmed by immunohistochemical
study, as ovary of PCOS group showed marked decrease in
K167 expression and increase in caspase-3 and P53 in their
granulosa cells, theca interna and externa. Additionally,
morphometric analysis confirmed these observations. In
consistence, Tadros, Mohamed®” reported significant
decrease in area percent of KI67 in the granulosa cells of rat
with PCOS. Also, Lombardi, Simdes™ reported increased
reactivity of caspase-3 in granulosa cells of the ovarian
cysts of the PCOS group, while still low in the theca interna.
In agreement with the current results, Meenakumari,

Agarwal®® and Baravalle, Salvett™ reported that rats with
PCOS showed decreased serum progesterone, indicating
possible defects in luteal phase like that noted in some
women with PCOS. Zhang, Lil®¥ stated that in PCOS,
increased LH stimulated more androgen production by the
ovarian theca cells.

Results of the current study confirmed that PCOS
was accompanied by liver dysfunction (increased serum
ALT, AST, alkaline phosphatase, total & direct bilirubin,
but decreased serum albumin) which could be owed to
metabolic disturbances (increased serum insulin, glucose,
TC, TG & LDL, but decreased serum HDL & value of
HOMA-fB, insulin resistance (increased HOMA-IR),
oxidative stress (increased hepatic MDA and decreased
hepatic GPX) and inflammation (increased hepatic NO
and TNF-a) which were partly supported by Cui, Hul®!l.
In line with the results of the present study, Rezvanfar,
Rezvanfar*”! reported that PCOS was associated with
an increase in MDA, TNF-a and reduced activity of
enzymatic antioxidants. Adefegha, Obohl? reported
that elevated serum MDA levels in PCOS rats resulted
in increased lipid peroxidation and tissue damage which
caused the leakage of enzymes and metabolites into the
blood circulation which may explain occurrence of hepatic
dysfunction and increased liver enzymes in PCOS. Moran,
Norman!®! and Gao, Cheng!®! stated that pathogenesis
of PCOS was associated with obesity, insulin resistance,
compensatory  hyperinsulinemia,  dyslipidemia  and
NAFLD. In accordance, liver sections of PCOS group
showed congested thick-walled central and portal veins
with highly vacuolated hepatocytes and inflammatory
cells. Also, liver specimen showed fibrosis manifested
in sections stained with o SMA immunohistochemical
by marked expression around portal and central veins.
Sarkar, Terrault!®! found that 76% of women with PCOS
showed ballooning of hepatocytes, steatosis and lobular
inflammation of their liver which were some of NASH
histological criteria. Moreover, they declared that some
women with PCOS showed advanced fibrosis in their
liver biopsy. Additionally, liver section showed marked
expression of caspase-3 and TNFa in PCOS group and
confirmed morphometrically by significant increase
of area percent of their immunoreactivity than control
group. Baranova, Tran!®® reported significant elevation
of caspase-3 in PCOS patients that indicating intense pro-
apoptotic environment in PCOS patients and could be due
to hyperandrogenism. Targher, Solagnal”! declared that
PCOS was highly associated with NAFLD diagnosed by
AST elevation and/or ultrasound. Abraham!®” confirmed
that the increased activities of serum liver enzymes were
indicative of cellular leakage and loss of hepatic cell
membrane functional integrity. The increase in total and
direct bilirubin levels that was associated with a decrease
in serum albumin noticed in the results of the current study
could be referred to the peroxidative damage of liver as
described by Bharathi, Reddy'®!. Ahmad, Arjumand®’
stated that oxidative stress released pro-inflammatory
mediators such as NO through inducible nitric oxide
synthase in the damaged liver causing cellular dysfunction.
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As Diamanti-Kandarakis and Dunaif®®), Manco,
Castagneto-Gissey™! and Cui, Hul®" declared that insulin
resistance played a key role in PCOS pathophysiology
and Tan, Hahn® reported that metformin acted as an
insulin sensitizing agent that had positive effects on
insulin resistance and menstrual cycling in PCOS, thus,
this study investigated the effects of metformin treatment
on ovarian and hepatic functions in rats with PCOS.
The current results confirmed that metformin treatment
improved both ovarian [normal estrous cycles, decreased
serum testosterone and increased serum level of both
estradiol & progesterone) and hepatic (decreased serum
ALT, AST, alkaline phosphatase, total & direct bilirubin,
but increased serum albumin) functions, possibly through;
reducing both final BMI and relative ovarian weight,
improving the metabolic disturbances (decreased serum
insulin, glucose, TC, TG & LDL, but increased serum
HDL), decreasing insulin resistance (reduced HOMA-
IR), anti-oxidant (decreased hepatic MDA and increased
hepatic GPX) and anti-inflammatory (decreased hepatic
NO and TNF-a) effects. These results were supported by
Sir-Petermann, Codner!” found that weight reduction in
women with PCOS improved their hyperandrogenism
and menstrual regularity. In the same line, ovarian
specimen in metformin-treated group showed follicles in
different stages with little vacuolation. Moreover, there
were moderate expression of KI67 and improvement in
caspase-3 expression. This was supported by morphometric
finding as there was a significant improvement than
PCOS group. In accordance, Mahamed, Maganhin!’!l
declared that follicular dynamics were restored partially
and number of luteal bodies were increased by metformin
treatment of PCOS rats. Lemos, Peixoto’” reported that
metformin was effective against hepatic toxicity produced
by PCOS, causing an improvement in its biochemical
changes as it reduced serum levels of nitric oxide which
confirmed that metformin had anti-inflammatory activity.
Esteghamati, Eskandari” declared that metformin had
anti-oxidant activity in diabetic individuals. This effect was
manifested in liver specimen of PCOS metformin-treated
group as decreased percent of hydropic degenerated cells,
deposition of o SMA with moderate decrease of caspase-3
and TNFa expression. In line with the results of the present
study, Huang, Chiang™¥ and Miller, Chu” reported that
metformin had hepatoprotective effects through activation
of hepatic 5' adenosine monophosphate-activated protein
kinase enzyme increasing glucose uptake, inhibiting
mitochondrial fatty acid oxidation and blocking glucagon-
dependent glucose output from liver cells. Haukeland,
Konopskil'll, Gangale, Miele!'” and Tan, Vollmar!'*! stated
that metformin treatment improved liver enzymes and body
weight in patients with PCOS confirming that it positively
influenced liver function.

The results of the present study declared that serum level
of spexin in rats with PCOS was significantly decreased
as compared to normal rats, and was negatively associated
with final BMI, HOMA-IR, serum (testosterone, glucose,
TC, ALT & AST), and hepatic TNF-a, but it was positively

correlated with serum (estradiol, HDL & albumin) and
hepatic GPX. These results were in agreement with Anik
Ilhan and Yildizhan!"® and Guler and Demir!'”\. Guler and
Demir!!” detected a significant decrease in serum spexin
levels in women with PCOS in comparison to the controls
with a significant negative association between serum
spexin levels and insulin resistance within PCOS group.
In the same line, histology of ovarian specimen of PCOS
spexin-treated group showed marked improvement in its
structure and its expression of KI67 with marked decrease
in apoptotic markers (caspase-3 and P53). Porzionato,
Rucinski” detected spexin role in proliferation,
differentiation, and apoptosis of cells. On the other hand,
Flora, Vasilikil®® found no significant differences in
serum spexin concentrations in adolescents with PCOS in
comparison with controls. This discrepancy could be related
to species differences. The results of the current study
indicated that spexin played a role in the pathophysiology
of ovarian and hepatic dysfunctions occurred in rats with
PCOS. This role was confirmed by the use of spexin in
treatment of rats with PCOS. The current results confirmed
that spexin treatment improved both ovarian [normal
estrous cycles, decreased serum testosterone and increased
serum level of both estradiol & progesterone) and hepatic
(decreased serum ALT, AST, alkaline phosphatase, total &
direct bilirubin, but increased serum albumin) functions,
possibly through; reducing both final BMI and relative
ovarian weight, improving the metabolic disturbances
(decreased serum insulin, glucose, TC, TG & LDL, but
increased serum HDL), decreasing insulin resistance
(reduced HOMA-IR), anti-oxidant (decreased hepatic
MDA and increased hepatic GPX) and anti-inflammatory
(decreased hepatic NO and TNF-a) effects. These finding
were supported by histopathological improvement of liver
specimen in PCOS spexin-treated group. Additionally,
liver of PCOS spexin-treated group showed significant
decrease of caspase-3, TNF o and o SMA reactivity.
These results were supported by Ge, Walewski™” who
reported that spexin administration reduced serum levels
of liver enzymes, reduced insulin resistance, improved
dyslipidemia and inhibited hepatocellular long-chain
fatty acid uptake in mouse models of hepatic steatosis.
Walewski, Gel”” reported that spexin treatment reduced
food intake and increased body weight loss in diet-induced
obese rats, possibly through inhibiting the long-chain fatty
acid uptake into the adipocytes. Also, Kumar, Hossain!’®,
Chen, Wang!™! and Guler and Demir!'”! noticed a reverse
association between serum levels of spexin and both BMI
and insulin resistance. Al-Daghri, Al-Hazmi®” stated that
spexin indirectly affected inflammatory markers through
affecting serum level of leptin. Lv, Zhou®!! suggested that
spexin inhibited LH secretion.

The results of the current study also showed that
serum spexin level was significantly increased with
metformin treatment in rats with PCOS and this could be
related to insulin sensitizing and weight lowering effects
of metformin. These results may indicate that metformin
performed its actions partly through regulation of spexin
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formation. Also, these results could indicate that spexin
may be used as a metabolic biomarker in PCOS as
suggested by Anik Ilhan and Yildizhan™®.

Study limitations include that this study was designed
on rats and the results may be different from that in human.
Also, it was conducted on lean rats with PCOS not on
obese rats with polycystic ovary. Also, the number of rats
used in the current study was small.

CONCLUSION

Spexin serum level could be used as a metabolic
biomarker for polycystic ovary syndrome. Also, treatment
with either metformin or spexin ameliorated ovarian and
hepatic dysfunctions in rat model of PCOS through their
insulin sensitizing, anti-oxidant and anti-inflammatory
effects. Moreover, part of the mechanism of action of
metformin could be through its role in regulation of spexin
formation.

ABBREVIATIONS

ANOVA: Analysis of Variance, BMI: Body Mass
Index, ELISA: Enzyme-Linked Immunosorbent Assay,
FSH: Follicle Stimulating Hormone, HDL: High-
Density Lipoprotein, HOMA- B: Homeostatic Model
Assessment of B-Cell Function, HOMA-IR: Homeostatic
Model Assessment of Insulin Resistance Index, HS:
Hepatic Steatosis, LDL: Low-Density Lipoprotein,
LH: Luteinizing Hormone, MDA: Malondialdehyde,
NAFLD: on-Alcoholic Fatty Liver Disease, NO: Nitric
Oxide, PCOS: Polycystic Ovary Syndrome, TC: Total
Cholesterol, TG: Triglycerides, TNF- a: Tumor Necrosis
Factor-Alpha.
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