AIN SHAMS MEDICAL JOURNAL Vol. 73, No., 4, December 2022

ERYTHROPOIETIN, MYOINOSITOL AND METFORMIN
MODULATE INSULIN SENSITIVITY INDICES, PANCREATIC BETA
CELL MASS AND HEPATOCELLULAR CHANGES IN A RAT MODEL
OF POLYCYSTIC OVARY SYNDROME

Sherine Ahmed Mohammed?!,Nesreen Gamal Abd Elhaliem?!- Youstina Lamie
Fanous? Amany Abdelrahman? Hoda M moghazy 2

! Histology Department, and
2physiology Department, Faculty
of Medicine, Sohag University.
Sohag, Egypt

Corresponding author:
Sherine Ahmed Mohammed
Mobile: (+2) 01120301020

E.mail:
loua.sherine@yahoo.com

Received: 8/12/2022
Accepted: 10/12/2022

Online ISSN: 2735-3540

ABSTRACT:

Background: Polycystic ovary syndrome (PCOS) is a common
health problem in females throughout their reproductive age. Common
symptoms of PCOS are hyperandrogenemia, menstrual disorders, and
infertility. Metabolic disorders like insulin resistance and steatotic liver
are also common. Metformin is most commonly used in the management
of hyperglycemia. Erythropoietin and myoinositol were reported to
improve insulin sensitivity.

Obijective: This study aimed to compare the potential therapeutic
role of erythropoietin, myoinositol, and the widely used metformin drug
against hyperinsulinemia and hepatic injury of the letrozole-induced
PCOS model in rats.

Materials and methods: Fifty female Wistar rats were classified
equally into five groups: The control group and the PCO model group.
PCO model was induced by letrozole in a dose of 0.5 mg/kg daily for 3
weeks. Then rats with PCO were administrated: erythropoietin in
(EPO/PCO) group, myoinositol in (MYO/PCQO) group, or metformin in
(MET/PCO) group for the following 21 days. Biochemical and
histological studies on the liver and pancreas were done.
Immunohistochemical staining with GLUT-1 and insulin was done.

Results: PCO rats developed insulin resistance with pancreatic f§
cell degeneration, hepatocellular injury, and upregulation of hepatic
GLUT-1. Metformin, erythropoietin, and myoinositol restored p-cell
mass, decreased hyperinsulinemia, and attenuated hepatocellular
degeneration via the reduction of stress-induced hepatic GLUT-1.
However, erythropoietin was the most effective one of them.

Conclusion: Erythropoietin was more effective than metformin and
myoinositol in decreasing hyperinsulinemia and attenuation of
hepatocellular injury associated with the letrozole-induced model of
PCOS.

keywords: polycystic ovary syndrome, metformin, insulin, GLUT-1

Abbreviations: PCOS; Polycystic ovary syndrome; IR; insulin
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INTRODUCTION:

Polycystic ovary syndrome (PCOS) is
mainly associated with hyperandrogenism,

infertility, obesity, and insulin resistance
(IR) @, The prevalence of IR is 10-25% in
the general population and 60-70% in
women with PCOS @. The IR and the
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resulting compensatory hyperinsulinemia
play pivotal roles in the evolution of PCOS
@), Over time, most women with PCOS
become diabetic after reaching 40 years
old®.

Letrozole (LTZ) was reported for the
induction of PCO in rats via inhibition of
aromatase enzyme. continuous prepubertal
LTZ treatment disturbs the estrous cycle
with anovulation. Besides, LTZ has many
metabolic effects similar to PCOS signs such
as IR and obesity®.

Metformin  (MET) is an insulin
sensitizer. It is most commonly used in the
management of type 2 diabetes and also to
treat hyperglycemia associated with PCOS
via the reduction of androgen levels®. It
also has an effect on the liver by inhibiting
hepatic gluconeogenesis to reduce glucose
levels and consequently Insulin in the
circulation. Myoinositol (MYO) is an
insulin second messenger which is also
involved in the regulation of ovulation via
follicular gonadotropin pathways®).

Erythropoietin (EPO) is a glycoprotein
hormone secreted primarily from the kidney
by peritubular fibroblasts®. It controls
erythropoiesis via binding to its receptor on
progenitor cells. EPO exhibits anti-
oxidative, anti-inflammatory as well as anti-
apoptotic actions. It was previously reported
that EPO reduces insulin resistance in
metabolic syndrome via EPO receptors in
insulin-sensitive tissues as muscles and the
liver which augments insulin sensitivity or
as a consequence of the treatment of
anemia®,

The glucose transporter-1 (GLUT-1) is
expressed in most tissues of the body and
acts in regulating the facilitative basal
transport of glucose in these cells. GLUT-1
was reported to be highly expressed in
neuronal membranes, the blood-brain
barrier, and in erythrocytes. However,
GLUT-1 plays an essential role in liver
nonparenchymal cells as these cells obtain
their own needed carbohydrates from
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outside, while hepatocytes store and produce
glucose intracellularly®. Although GLUT-2
is known to be the common glucose
transporter in the liver, the GLUT-1 role
appears during development and stress
conditions  such as  hypoxia and
hyperglycemial?,

AIM OF THE WORK:

This study aimed to compare the
potential therapeutic role of EPO, MYO,
and the widely used MET drug against
hyperinsulinemia, B-cell degeneration, and
hepatic disorders associated with LTZ-
induced PCOS model in rats.

MATERIALS AND METHODS:
Experimental Animals

Fifty female Wister rats, 3 weeks old,
80 +5 gm weight, were purchased and
housed in the Medical Animal Laboratory in
the faculty of medicine at Sohag University.
Animals were allowed free access to water
and food. Rats were kept in Polycarbonate
cages at normal light/dark cycle as 5
rats/cage.

This study was approved by the ethical
Committee of the Faculty of Medicine at
Sohag University, and registration code:
Soh-Med-ACUC-I: 5-17-2022-2, consider-
ing the experimental animals' care ethics.

The rats were randomly classified equally
into five groups:

e The control group received: five
animals  recieved 2ml  carboxy-
methylcellulose (CMC) 0.5% by oral
plastic gavage needles for 3 weeks, and
another five received intraperitoneal
saline for for 3 weeks .

Induction of PCO model:

The model group of PCO was induced
with letrozole (LTZ) in a dose of 0.5 mg/kg
dissolved in 0.5% CMC, daily for 3 weeks.
Beginning from the second week of the
study, the phase of the estrous cycle was
determined by daily vaginal smear for each
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animal to ensure that all LTZ-treated
animals had developed PCO by becoming
fixed at the diestrous phase.

In the next 3 weeks, these PCO rats started
treatment with:

PCO model group: received water for 3
weeks

Group EPO /PCO: received
erythropoietin in a dose of 100 IU / kg
by intraperitoneal injection 3 days per
week for 3 weeks 1,

Group MYO/PCO received myoinositol
orally in a dose of 420 mg/kg in 2ml
H20 for 3 weeks 2,

Group MET/PCO: received metformin
orally in a dose of 150 mg/kg for 3
weeks (19,

The experimental design and animal
groups are shown in Figs. 1A, 1B.

Chemicals: letrozole, myoinositol,
metformin  and  erythropoietin  were
purchased from Sigma-Aldrich company.

e The body weight of each animal was
weekly recorded for the detection of
obesity.

e vaginal smear:

Approximately 0.2 ml of saline was
withdrawn into the pipette dropper. After
insertion of the tip of the dropper gently into
the vaginal orifice not more than 5 — 10 mm
depth, to avoid stimulating the cervix, saline
was flushed 2 or 3 times into and back out of
the vagina till obtaining cloudy fluid.

After the lavage, a smear was taken on
the slide, allowed to dry and stained with
toluidine blue for the identification of the
different cell types in the four stages of the
estrous cycle®®. Proestrous stage is
diagnosed by round nucleated epithelial
cells. The estrous stage is diagnosed by
cornified squamous epithelial cells; the
metestrous stage is known by cornified
squamous epithelial cells and leukocytes;
and the diestrous stage is known by
nucleated epithelial cells and leukocytes

(Fig. 2).

(A) Experimental time line

Daily vaginal smear from
4th day to the end of the

study for all rats

A blood sample (1ml) taken
from all rats for glucose and
insulin measurement

Start of the
experiment
>
AT e |
N =

Rats were sacrificed
during the diestrus phase
after 8 hours of fasting.

Day Day Day
1 7 14

Day
21

pay pay

25, S Days 42-45

Period of PCO induction by daily,
oral LTZ (0.5mg dissolved in CMC

Animal groups
3 weeks aged females

(8)

Duration of treatment by
either EPO, MYO, or MET

Control group
CMC 0.5% for 3
weeks

intraperitoneal
saline for another 3

PCO group
received LTZ 0.5 mg\kg dissolved
in CMC for 3 weeks by oral gavage

weeks.

EPO\PCOG,

PCO G

Received EPO 100

Received saline
intraperitoneal for

another 3 weeks.
weeks

1U per kg, 3 days a
week, for the next 3

MYO\PCO G
Received MYO 420
mg/kg in 2ml H20,
daily, for the next 3

weeks.

MET\ PCO G
Received oral
metformin 150 mg,
daily for the next 3
weeks.

Fig. 1: (A) experimental timeline. (B) animal groups. PCOS; Polycystic ovary syndrome; IR; insulin resistance
LTZ; Letrozole; MET; Metformin; MYO; Myoinositol, EPO; Erythropoietin;
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Fig. 2: Phases of the estrous cycle in a vaginal smear (a) pro-estrous phase; predominant nucleated epithelial
cells (b) estrous phase, cornified cells are predominant (c) Metestrous phase, cornified cells with infiltration of
leucocytes. (d) Diestrous phase, the predominance of leucocytes (Toluidine blue stain).

Collection of samples:

At the end of the experimental period,

all animals were anesthetized with ether
inhalation and blood samples were obtained
from each animal by cardiac puncture and
centrifuged at 3000 rpm.

A
1.
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Biochemical assays

Fasting Blood glucose level was
measured by glucometer: Bionime
corporation, Right test GM 300 and
glucose-test strips: code556 @9 twice
during the experimental period, the first
one on the 21st day of the study (at the
end of the duration of model induction),
and the other at the end of the study.
Rats were tested independent of the
cycle stage after fasting for 8 hours.

Fasting blood insulin level was
measured by enzyme-linked immune-
sorbent assay (ELISA) kits: CSB-
E05070r according to instructions of the
manufacturer.

HOMA- IR and HOMA-B:

HOMA- IR is calculated for: Insulin
resistance index (IRI) = fasting insulin
(uIU/ml)xfasting glucose (mg/dl)/ 405.

4.

Lipid profile:
Serum  triglycerides (TG), total
cholesterol (TO), high-density

lipoprotein (HDLC) were measured by
spectrophotometry using commercial
Kits (Human Gesellschaft  fur
Biochemica and Diagnostic, ambH,
Wiesbaden, Germany) according to
manufacturer instructions. Low-density
lipoprotein (LDLC) was calculated by
the equation: LDLC=TC-HDLC-TG/5.

Serum alanine transaminase (ALT) and
aspartate transaminase (AST) levels
were estimated by using enzyme-linked
immune sorbent assay by spectropho-
tometry apparatus (Beckman Coulter
AU480)19),

Light microscopy:

Livers and Pancreata were harvested
after dissection. The liver specimens
were obtained from the right lobe. The
pancreas specimens were obtained from
the tail. Specimens were rinsed with
saline and fixed in 10% neutral buffered
formalin for 24 h. Fixed tissues were
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processed; dehydrated in alcohol and
cleared in xylene. Then embedded in
paraffin. Blocks were sliced using
microtome into 5um sections. sections
were stained with hematoxylin and
eosin (H&E) for light microscopic
examination. In the pancreas, for
accurate morphometric measurements
of islets of Langerhans, serial 5mm-
thick were obtained with at least 3
levels per block 100150 um apart 7.

2. Immunohistochemistry

Immunohistochemical  staining  for
GLUT-1(glucose transporter-1) antibody in
liver tissue for glucotoxicity rabbit
polyclonal GLUT-1 antibody from Abcam
Inc  (code ab40084; clone SPM498,
Cambridge, MA, USA1:100) and insulin
antibody for beta cells in the pancreas (Anti-
Insulin Monoclonal antibody was bought
from Invitrogen (INSO05 (2D11-H5)),
Catalog # MAAS5-12037. Dilution: 1:100).
The reaction appeared as brown cytoplasmic
staining.

Deparaffinization, rehydration and
antigen retrieval was carried out by boiling
the sections in 10 mmol/l citrate buffer (pH
6.2) in the microwave oven. Blocking of the
endogenous peroxidase was done with 0.3 %
hydrogen peroxide for 10 min. Incubation of
the sections overnight at 4°C temperature
with the primary antibody. The biotinylated
secondary antibody and then conjugate
streptavidin were applied. Sections were
counterstained with Mayer’s hematoxylin,
then dehydrated, and cleared in xylene.
Negative control slides were made by
omitting the primary antibody. Placenta
specimens were the positive control for
GLUT-1 and pancreas specimens were the
positive control for insulin.

3. Morphometry :

The light microscope Leica ICC50
Wetzlar, Germany at the Histology
Department, Faculty of Medicine, Sohag

University was used. Ten nonoverlapping

high power fields (x400) for each section
in all animals in each group were taken and
analyzed using Image J 1.51n software
(National institutes of health USA Java
1.8.0_66 (32-bit) as follows:

a) P cell percentage was determined on
insulin-immunostained  sections. The
percentage of B cell area to total islet
area was measured at three serial
sections which were sectioned 100um
apart from the paraffin block of each
animal. @8

b) GLUT-1 expression percentage area
was calculated®,

C. Statistical Analysis

Data were collected and then analyzed
using the Statistical package (SPSS, version
16.0). Data were presented as meanst
standard deviation (SD) and the values were
considered significant as p-value < 0.05. one
way ANOVA test was used to compare
results between different groups followed by
post-Hoc test @0,

RESULTS:
Biochemical results:

e Insulin resistance indices in the PCO
model rats:

The PCO group showed significantly
increased body weights compared to those in
the control group. Both the fasting blood
glucose and the fasting insulin levels were
significantly increased in the PCO group
versus the control group. Furthermore, the
PCOS group showed increased insulin
resistance (IR) measured by HOMA-IR and
decreased [ cell function index versus
control (table 1).

Table 1 shows that all groups:
EPO\PCO, MYO\PCO, and MET\ PCO
have got decreased glucose and insulin
levels significantly than the PCO group. In
addition, these drugs decreased insulin
resistance as revealed by a decrease in
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HOMA-IR and increased beta cell function
index; HOMA-B. Multiple comparisons
between each drug treated group, have
revealed no significant difference between
MYO\PCO, and the MET\ PCO groups in
either of the insulin resistance indices.
However, EPO decreased glucose and
insulin levels more significantly than MYO
and MET groups. Moreover, EPO decreased
HOMA-IR and increased HOMA- 8,
significantly more than either MET or MYO
did.

The PCO rats showed a significant rise
in serum cholesterol, triglyceride, and LDL

levels, while a decrease in HDL levels in
comparison to the control group. This effect

was minimized in the EPO\PCO,
MYO\PCO, and MET\PCO groups,
however, no significant difference was

found between either group (Table 2).

On the other hand, the liver enzymes
showed slightly significantly increased
levels in PCO versus the control group. This
effect was minimized in the EPO\PCO,
MYO\PCO, and MET\PCO groups,
however, no significant difference was
found between either group (Table 2).

Table 1: Mean levels of body weight, fasting blood glucose (FBG), fasting blood insulin (FBINS),

HOMA-IR, and HOMA- B in different groups

Groups Weight (gm) FBG (mmol\L) | FBINS(mU\L) HOMA-IR HOMA- B
Control G 195 +8.3 4.1+0.43 4.7+0.7 0.9+0.2 226 £ 62
PCO G 219 +4.92 7.2+0.372 9.5 +0.62 3.2+0.52 51472
EPO\PCO G 198 + 4.2° 4.60,7Pcd 4.7 +1.3b¢d 0.7+0.32bcd 219+672bcd
MYO\PCO G | 196.4+3.02° 5.3+0.52b 7.5 +1.6%P 1.77 £ 0.32P 90.2+ 232b
MET\PCO G | 203.6£3.4° 5.5+0.32b 6.9 +1.23b 1.70 £ 0.230 70.8 £ 192P

Data are expressed as mean + SD (standard deviation). Data were analyzed by ANOVA
test, Post hoc; Tukey's test. (N=10 rats per group). P value was considered significant when
P<0.05. aP < 0.05 vs. control G.; bP<0.05 vs PCO G. cP<0.05 vs MET\PCO G. dP<0.05 vs
MYO\PCO G. fasting blood glucose;FBG, fasting blood insulin; FBINS

Table 2: Mean levels of cholesterol (CHOLE), triglyceride (TRIGL), high-density (HDL), and low-
density lipoprotein (LDL), aspartate transaminase (AST), and alanine transaminase (ALT) in different

groups
Groups CHOLE TRIGL HDL LDL AST ALT
(mg\dl) (mg\dl) (mg\dl) (mg\dl) (IU/L) (lU/L)

Control G 50.7 £3.5 48+ 9.07 42.445.4 26.2+0.7 147.9 £11.6 23.6+3.2
PCOG 61.+11.72 55 +6.352 25.£3.72 66.2 £6.7 2 168.0+26.12 30.48.6°
EPO\PCO G 49.9+3.1° 50.6+7.21° 43.1 +4.7° 27.0£1.2° 148.2 £12.4° | 24.6 £5.8°
MYO\PCO G 51.3+3.1° 47.10+8.56° | 42.8 £4.4° 26.0£1.1° 149.6 +48.3% | 23.9 £7.2°
MET\PCO G 52.6 +5.6° 50.3+ 7.02° 41.2 +4.4° 26.6 +1.1° 147.4 £235° | 25.0£6.1°

Data are expressed as mean + SD (standard deviation). Data were analyzed by ANOVA
test, Post hoc; Tukey's test. (N=10 rats per group). P value was considered significant when
P<0.05. P < 0.05 vs. control G. ; °PP<0.05 vs PCO G
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Histological results:
e Liver:
1. H&E

Examination of H&E stained liver
sections from the control group showed
normal histological structure. Hepatocytes
were radiating from the central vein towards
the periphery. Hepatocytes had slightly
vacuolated acidophilic cytoplasm  with
central rounded vesicular nuclei (Fig. 3a). In
the PCO group, liver sections showed highly
vacuolated cytoplasm in most hepatocytes
and other degenerated hepatocytes with
highly acidophilic cytoplasm and pyknotic
nuclei. Dilated sinusoids and neutrophilic
infiltration were observed (Fig. 3b).
EPO/PCO and MYO/PCO livers showed
more or less normal hepatocytes with
slightly vacuolated cytoplasm (Figs. 3c, d).
MET/PCO liver showed decreased degene-
rated hepatocytes; vacuolated hepatocytes
less than PCO group, few apoptotic cells,
less dilated sinusoids, and no inflammatory
infiltration was detected (Fig. 3e).

Immunohistochemistry
transporter-1; GLUT-1 antibody)

(glucose

In the control liver, expression of
GLUT-1 was only seen weakly expressed in
Kupffer cells and endothelial cells (Fig. 4a).;
however PCO group showed strong
immunoreactivity of GLUT-1 in Kupffer
cells and endothelial cells also in hepatocyte
cell membranes especially the sinusoidal
surface of most hepatocytes and cytoplasm
of some  hepatocytes (Fig.  4b).
Erythropoietin and myoinositol showed
expression of GLUT-1in Kupffer cells and
endothelial cells only (Figs. 4c,d).
Metformin showed strong expression of
GLUT-1in Kupffer cells and endothelial
cells and also in cell membranes of some
hepatocytes, especially the sinusoidal
surface (Fig. 4e).

Statistically, the PCO group showed a
significant increase in the expression
percentage area of GLUT-1 compared to the
control. MET/PCO, MYO/PCO and
EPO/PCO showed a significant decrease
versus PCO which was significantly more
pronounced in EPO/PCO versus the other
two groups, but still significantly higher than
in the control (Fig. 4f and Table 3).
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Fig.3: Photomicrographs of H&E stained liver sections of (a) control. b) group (PCO).
(c)EPO/PCO (d) MYO/PCO (e) MET/PCO a) control Showing normal liver histology with normal
hepatocytes radiating from the central vein; b) PCO showing highly vacuolated most hepatocytes and
some degenerated hepatocytes with highly acidophilic cytoplasm and pyknotic nuclei(arrow).dilated
sinusoids(s), neutrophilic infiltration(N); c)and d) showing more or less normal liver histology . €)
showing less vacuolated hepatocytes and sinusoids(s) are less dilated than b); few apoptotic cells
(arrow) (H&Ex400, scale bar = 50 pm).
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GLUT-1 area percentage

, a
I ab
: Iabcdabcl
1011

control PCO EPO\PCOMYO\PCO MET\PCO

group (PCO). (c)EPO/PCO (d) MYO/PCO (e) MET/PCO (a) expression of GLUT1in Kupffer cells
and endothelial cells; b) showing strong immunoreactivity of GLUT-1 in Kupffer cells and endothelial
cells also in cell membrane of most hepatocytes especially sinusoidal surface of and cytoplasm of
some hepatocytes(arrow); (c)and d) showing expression of GLUT-1in Kupffer cells and endothelial
cells. ) Expression of GLUT-1in Kupffer cells and endothelial cells also in cell membrane especially
sinusoidal surface of few hepatocytes.(anti GLUT-1antibodies, scale bar =50 pm). f) histogram
representing GLUT-1 expression area percentage in all groups.aP < 0.05 vs. control G.; bP<0.05 vs
PCOS G. cP<0.05 vs MET\PCO G. dP<0.05 vs MYO\PCO G.

e Pancreas:
1. H&E

Examination of H&E-stained sections of
the pancreas from the control group showed
a normal histological pattern. Pancreatic
lobules were separated by thin loose
connective tissue. The islets of Langerhans
appeared as lightly stained areas surrounded
by the serous acini. The islets were formed
of clusters of cells forming anastomosing
cords which were separated by blood

capillaries. The cells of the exocrine
pancreas which form the serous acini had
basal basophilic and apical acidophilic
cytoplasm (Fig. 5a). PCO group showed an
apparent increased surface area and irregular
outline of islets of Langerhans Some Islet
cells were vacuolated and few apoptotic
cells appeared with highly acidophilic
cytoplasm and pyknotic nuclei (Fig. 5b).
EPO\PCO, MYO\PCO, and the MET\ PCO
groups showed an apparent decrease in islets
surface area compared to PCO which was
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more pronounced in EPO\PCO, MYO\PCO
groups (Figs. 5 ¢, d). The structure of islet
cells was more or less normal in these three
groups except for some vacuolated cells
observed in MET\ PCO (Fig. 5e).

2. Immunohistochemistry
antibody)

(insulin

Insulin expression was in the form of
brown cytoplasmic staining of islets which
demonstrates B-cells. In the control, B-cells
were occupying mainly the central zone of
the islets (Fig. 6a). An apparent decrease in
-cells was observed in PCO as compared
with the control group (Fig. 6b). MET/PCO,

- SrI T

A Ve i O 17 AT N
A » v

et

MYO/PCO, and EPO/PCO showed strong
positive insulin expression in beta cells
compared to PCO which was more
pronounced in EPO/PCO group (Figs. 6 c, d,
and e).

Statistically, the PCO group showed a
significant decrease in the expression
percentage area of B-cells compared to the
control. MET/PCO, MYO/PCO, and
EPO/PCO showed a significant increase
versus PCO, which was significantly more
pronounced in EPO/PCO versus the other
two groups. EPO/PCO was non-significant
versus control (Fig. 6f and Table 3).

/NS T S el
=2 T
v ;-,A:— B S

Fig.5: Photomicrographs of H&E stained pancreas sections. (a) control. (b) PCO). (c)EPO/PCO
(d) MYO/PCO (e) MET/PCO (a) showing pancreatic lobules separated by loose connective tissue
septa. The islet cells (1) are seen interspersed between the serous acinar cells (s). The islets are lightly
stained and formed of irregularly arranged cords of cells separated by blood vessels (v). The
pancreatic acini are lined by pyramidal cells having peripheral basophilic and apical acidophilic
cytoplasm with normal vesicular nuclei (b) PCO group showed hypertrophy of islets of Langerhans.
Some Islet cells are showing vacuolations (stepwise arrow) and few cells appear with highly
acidophilic cytoplasm and pyknotic nuclei (arrow); c), d) showing very similar morphology to the
control group. €) Showing some vacuolated (stepwise arrow) cells in the islets with decreased islet
area than in the PCO group (H&EXx400, scale bar = 50 um).
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i bcdb
IaIaIib

control PCo EPO\PCO MYO\PCO MET\PCO

Fig. 6: Photomicrographs of insulin immunohistochemical staining of pancreatic islets. (a) control
b) PCO). (c)EPO/PCO (d) MYO/PCO (e) MET/PCO (a) control is showing immunoexpression of
insulin in beta cells b) weak immunoreactivity of insulin in beta-cells which occupy smaller area
percentage of the islet than in control. (c), (d) and (d) showing strong expression of insulin in beta
cells with an increase in beta cell area compared to (b), this is most prominent in (c). (anti-insulin
antibody, scale bar =50 um) f) histogram showing insulin expression area percentage in all groups. 2P

< 0.05 vs. control G.; bP<0.05 vs PCOS G. cP<0.05 vs MET\PCO G. dP<0.05 vs MYO\PCO G.

Table 3: The mean [ cell percentage and the mean GLUT-1 expression area percentage in different

groups

Groups mean [ cell percentage mean GLUT-1 expression
+SD area percentage+ SD

Control G 57.3+4 4.9+0.9
PCOS G 35.7¢5¢ 29.4+1.32
EPO\PCO G 56.8+4 bed 13.6+1.0
MYO\PCO G 46.2+ 9% 16.1+0.82¢
MET\PCO G 45.1+4 ab 17.7+1.1%

Data are expressed as mean + SD (standard deviation). Data were analyzed by ANOVA test, Post
hoc; Tukey's test. (N=10 rats per group). P value was considered significant when P<0.05. ?P < 0.05
vs. control G.; °P<0.05 vs PCOS G. °P<0.05 vs MET\PCO G. ¢ P<0.05 vs Myo\PCO G
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DISCUSSION:

PCO is a common health problem in
females during their reproductive age®'422),

Common  symptoms of PCO are
hyperandrogenemia, infertility, and
menstrual disorders. Metabolic disorders

like IR and steatotic liver are also common.
This study aimed to compare the potential
therapeutic role of EPO, MYO and the
widely  used MET drug against
hyperinsulinemia, B-cell degeneration and
hepatic disorders associated with LTZ-
induced PCOS model in rats.

In our PCO model, LTZ induced PCO
in rats by inhibiting the aromatase enzyme
Aromatase enzyme converts the synthesized
androgen in the female ovary into estrogen,
thus leading to increased androgen level
which is a benchmark in the diagnosis and
pathogenesis of PCO®), This
hyperandrogenemia is further associated
with decreased estrogen, progesterone, and
FSH, while increased LH in the pituitary
gland. with subsequent loss of cyclicity in
the estrous cycle ?1:24&25),

In our PCO model, increased fasting
levels of both glucose and insulin, decreased
HOMA- B, and increased HOMA-IR, were
observed. Similar indices of insulin
resistance in PCO rats were reported
previously as %4-29),

Hyperinsulinemia has a key role in the
pathogenesis of PCO as it increases fat
storage leading to obesity and affects
cholesterol and lipoprotein metabolism.
Furthermore, abdominal obesity and
elevated androgen in PCO aggravate the
associated insulin resistance®?.

In our study, the PCO group showed an
abnormal lipid profile in form of decreased
HDLc and increased total cholesterol,
triglyceride, and LDLc. In consistency with
our results, Abuelezz et al.?® study and Roy
et al.®® study. Roy et al.?® attributed this
disturbance in lipid profile to the
hyperandrogenic state which disrupts genes
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encoding enzymes of fat metabolism. This
also might be due to hyperinsulinemia which
decreases lipid oxidation via controlling
genes encoding enzymes of fatty acid
oxidation @9,

As regards the liver enzymes in our
study, these were slightly significantly
elevated in the PCO group compared to the
control group. Similar results were
previously  obtained after  long-term
treatment with androgen for the induction of
PCO G% This could be attributed to
degenerated hepatocytes with the release of
these enzymes out of the cells to the blood.

In the current study, PCO liver showed
highly vacuolated cytoplasm in most
hepatocytes and other degenerated apoptotic
hepatocytes.  Dilated  sinusoids  and
neutrophilic infiltration were observed.
Similar results were previously reported by
Chaiyamoon et al.®Y. In addition, in a
previous study on androgen Induced model
of Polycystic Ovary, the appearance of
necrotic foci were observed in the liver
histology in addition to the inflammatory
infiltration and dilated sinusoids as seen in
our results. Thus PCO is considered a state
of chronic inflammation®2),

Previous  studies  described  the
hepatocyte vacuolation observed in our
results as steatosis %34, Liver fatty changes
could be attributed to the increased lipolysis
caused by insulin resistance in fat cells,
resulting in increased free fatty acids which
accumulate in the hepatic tissue ©®. Roy et
al.®® study explained steatosis to be induced
by the chronic high androgen level in PCO
which disrupts the liver genes concerned
with fat metabolism.

In the current study, H&E stained
sections of the pancreatic specimens from
the PCO group showed an apparent increase
in surface area and irregular outline of islets
of Langerhans Some Islet cells were
vacuolated and few apoptotic cells appeared
with highly acidophilic cytoplasm and
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pyknotic nuclei.  Similar results were
observed in Peng et al.(® study which
reported islet irregular outline and vacuolar
degeneration of islet cells, especially in the
center of the islet. The islet hypertrophy
observed in our results could be explained
by compensatory hyperplasia due to the
degeneration of p-cells as reported by
Boonnate et al.?”. The oxidative stress
induced by hyperglycemia associated with
PCO caused degeneration of islet cells ¢,

In the present study, immunohisto-
chemistry supported the histopathology
results, and a significant decrease in B cell
area percentage was observed in the PCO
group. similar results were previously
reported by Abuelezz et al.?®. PCOS
exhibited a high degree of insulin resistance
in the decompensated phase with
compromised B-cell function©®),

Hyperinsulinemia can lead to the
exhaustion of B-cells. Misfolded proteins of
proinsulin accumulate in the cisternae of the
endoplasmic reticulum of pancreatic B cells,
resulting in ER stress, apoptosis as well as
inflammation®9,

The association of PCO and pancreatic
B cell degeneration was attributed to low
estrogen levels as expression of estrogen
receptors on [ cells was reported and hence
B cells are responsive to estrogen signals.
Moreover, low estrogen level disturbs the
metabolism of iron which represents an
essential element for the proliferation of
pancreatic islet cells®?),

In contrast to these mentioned studies
which reported decreased insulin levels and
B-cell insulin expression in PCOS compared
with normal, other studies demonstrated
increased  insulin  levels®Y.  These
heterogeneous findings have been observed
depending on whether insulin secretion was
assessed in the compensated or non-
compensated state.  In addition, Hyper
insulinemia in PCO could be due to the
reduced insulin clearance by the liver rather

than the increased secretion of insulin by
pancreatic islets?).,

In our study, an increase in GLUT-1
immunoexpression in the liver of the PCO
model was observed and that could be
attributed to hyperglycemia®). GLUT-1
overexpression occurs in hyperglycemia and
hypoxia. GLUT-1 has a high affinity to
glucose, shifting from hepatic GLUT-2 to
GLUT-1 in liver injury occurs as a
compensatory mechanism to the increased
intracellular need for glucose®). GLUT1
conformational changes and  cellular
translocation represent an adaptive response
to keep adequate cellular nutrition®,
Moreover, GLUT-1 upregulation contributes
to oxidative stress in the liver®®),

In our study, EPO, MYO, and MET all
succeeded to decrease insulin resistance
indices and attenuate hyperinsulinemia.
They reversed the alterations in the
pancreatic histopathology and hepatocellular
degenerative changes. EPO significantly
reduced insulin resistance more than both
MET and MYO. Supporting this, as the
hyperandrogenic state plays a key role in
these metabolic disorders associated with
PCO, Abdelrahman et al.*”) study reported
that hormonal changes in PCO were
reversed and androgens decreased to
variable extents using the same three drugs.

In our results, MET/PCO liver showed
decreased degenerated hepatocytes than the
PCO group and more prominent restoration
of normal liver histology was observed in
MYO/PCO and EPO/PCO. EPO improved
liver function tests and attenuated the
hepatocellular degenerative changes with
decreased vacuolation. EPO has anti-
inflammatory and antioxidant roles. In
addition, it stimulates regeneration of the
injured liver®. Similar to our results, it was
previously reported that EPO improved fatty
liver disease®. MYO was previuosly
reported to decrease fatty changes in
steatotic liver®® . This was explained by its
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ability  to
enzymes®),

In our study, EPO\PCO, MYO\PCO,
and the MET\ PCO groups showed a
decrease in islets surface area compared to
PCO which was more pronounced in
EPO\PCO, MYO\PCO groups. The structure
of islet cells was more or less normal in
these three groups except for some
vacuolated cells observed in MET\ PCO.
EPO was the most effective one of the three
drugs wused in our experiment which
improved hyperglycemia and restored p-cell
mass. Similar to our results, EPO augmented
glucose  metabolism  and  decreased
pancreatic B cell damage in experimental
diabetic models. EPO produces a protective
effect on pancreatic B-cells and ultra-
structurally restored the number of insulin
secretory granules in an experimentally
induced diabetic model ©Y. In addition,
previous studies reported that EPO improved
insulin sensitivity in obesity and metabolic
syndrome models ©2. This could be
attributed to EPO receptors in insulin
sensitive tissues as the liver. In addition,
EPO upregulates GLUT-4 which regulates
insulin dependent glucose utilization”

As for MYO/PCO, it was significantly
less improved than EPO regarding B-cell
mass, insulin resistance, and GLUT-1
expression. Myoinisitol makes up many
secondary messengers in response to insulin
secretion. However, hyperglycemia
decreases its absorption and biosynthesis
and triggers its degradation and excretion. In
addition, Insulin  resistance diminishes
inositol uptake into cells 2. Subsequently,
its effect is lowered to be less effective than
EPO in cases of insulin resistance and
hyperglycemia as in our study.

inhibit fatty acid synthesis

Similarly, Abulfadle et al.®? reported
that metformin ameliorated hepatic toxicity
produced by PCOS, causing an improvement
in its biochemical changes because
metformin had anti-inflammatory activity.
Moreover, Rababa'h et al.®® reported that
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metformin antagonizes insulin resistance and
endocrine disorders in the PCOS animal
model via triggering activated mitogen
protein kinase . In addition, Tan et al.®®
study proved that Metformin is an insulin
sensitizer which decreases hepatic glucose
secretion, increases peripheral glucose
utilization, and alleviates insulin resistance
in PCO. However, many side effects were
reported for metformin.

Conclusion: EPO, MYO and MET
were effective in restoring B cell mass,
decreasing hyperinsulinemia associated with
the LTZ-induced model of PCOS, and
attenuating hepatocellular degeneration via
the reduction of stress-induced hepatic
GLUT-1. However, EPO was the most
effective one of them.
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