Med. J. Cairo Univ., Vol. 87, No. 3, June: 1753-1767, 2019

www.medicaljour nal ofcair ouniver sity.net

Rever sal of Haemostatic Changesin L etrozole-lnduced PCOS Rat
Model with Vitamin D Supplementation

SUZAN M.M. MOURSI, M.D.*; EMAN EL-BAHAIE, Ph.D.** and SHEREIN F. EL-SAYED, M.D.*

The Departments of Physiology, Faculty of Medicine* and Zoology, Faculty of Science**, Zagazig University

Abstract

Background: Polycystic ovary syndrome (PCOS) isa
heterogeneous endocrine condition that appears to be associated
with a prothrombotic tendency. Hypovitaminosis D is very
common in PCOS patients and may exacerbate the metabolic
abnormalities. Vitamin D supplementation might produce
beneficial effectsin these associated metabolic and haemostatic
abnormalities.

Aim of Sudy : The present study was designed to examine
the effects of vitamin D supplementation on some metabolic,
oxidative stress, inflammatory and haemostatic parameters
in letrozole-induced PCOS rat models.

Material and Methods: This study was conducted on 3
groups of adult female albino rats: Group-1: (Control) in
which 1ml water was given orally by gavage daily for 21
days, and, group-11: (PCOS induced) in which letrozole was
given orally by gavage at a dose of 1mg/kg dissolved in water
daily for 21 days, and group-111: (PCOS induced treated with
vitamin D) in which letrozole was given orally by gavage
with cholecalciferol (200 1U/day) for 21 days. In al groups,
serum levels of 25(OH) vitamin D, glucose, insulin, HOMA-
IR, lipid profile parameters, L uteinizing hormone (LH),
Follicle-stimulating hormone (FSH), testosterone, estradiol,
progesterone, interleukin-6 (IL-6), tumor necrosis factor-
apha (TNF-a), plasmafibrinogen, factor VIII (FVI1I), Von
Willebrand factor (VWF), tissue plasminogen activator (tPA),
plasminogen activator inhibitor 1 (PAI-1) activity and D-
dimers levels were measured. Bleeding time (BT), whole
blood clotting time (WBCT), prothrombin time (PT), activated
partial thromboplastin time (aPTT) were also evaluated and
ovaries were dissected and used for histopathological exam-
ination and evaluating malondialdehyde (MDA), superoxide
dismutase (SOD) and glutathione peroxidase (GPx) levels.

Results: The present study showed that letrozole-induced
PCOS rat group (1) showed a statistically significant increase
in the serum levels of insulin, glucose and calculated HOMA-
IR, Cholesterol, Triglyceride, LDL-c, VLDL-c, testosterone,
FSH, LH, TNF-a, IL-6, ovarian MDA, plasma FVIII, Vwf,
D-dimers, PAI-1 activity and fibrinogen levels (with statisti-
cally significant negative correlations with serum vitamin D
level) while there were a statistically significant decreasein
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the serum levels of 25(0OH) vitamin D and HDL -c, estradiol,
progesterone, ovarian SOD and GPx, bleeding and clotting
times, PT and aPTT when compared to controls (with statis-
tically significant positive correlations with serum vitamin D
level). Interestingly, all of the above measures were improved
with vitamin D3 supplementation in the treated group (111).
Also, vitamin D3 supplementation reduced the size and number
of the cystically dilated ovarian follicles observed in the
histopathological examination of letrozole-induced PCOS
group.

Conclusion: PCOS are associated with hypovitaminosis
D and characterized by metabolic disturbances and a pro-
thrombotic state that can be explained by increased both
insulin resistance and inflammatory mediators together with
the development of oxidative stress. These changes were
improved by vitamin D supplementation.
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Introduction

POLYCYSTIC ovary syndrome (PCOS), the most
common endocrine abnormality in premenopausal
women, is characterized by hyperandrogenism,
ovulatory dysfunction, and PCO morphology [1].

Several studies pointed to a prothrombotic state
in PCOS including hypofibrinolysis, hypercoagu-
lability, and endothelial & platelet dysfunction
[2,3] . Others point in the opposite direction or sug-
gest an unaffected fibrinolysis/coagulation status
[45].

The mechanisms of potential disturbances of
the hemostatic system in women with PCOS are
unknown. Thereis evidence that plasma levels of
several hemostatic factors are modulated by hyper-
glycemia, insulin resistance with compensatory
hyperinsulinemia, proinflammatory agents, and
dyslipidemia, all of which aretypical in PCOS [g].

On another note, Vitamin D is afat-soluble
vitamin that belongs to the family of steroid hor-
mones. Its biological actions are exerted through
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the vitamin D receptor (VDR), atranscription
factor located in the nuclei of target cells that
mediates the genomic action of the active form of
vitamin D. The presence of VDR in female repro-
ductive tissue suggests that vitamin D isinvolved
in female reproduction [7]. VD deficiency (VDD)
is also common in women with polycystic ovary
syndrome (PCOS), with the 67-85% of women
with PCOS having serum concentrations of 25-
hydroxy Vitamin D (250HD) <20ng/ml [g].

Data regarding the association between VDD
and PCOS are apparently conflicting; some authors
showed association of low 25 hydroxy vitamins
(250HD) with metabolic derangements of PCOS
[9,10] suggesting that VDD might be a causal factor
in the pathogenesis of PCOS while others demon-
strated no such association [11,12] .

There has been a growing interest in recent
years regarding non-classical effects of vitamin D,
and current evidence suggests that there is increased
risk of disorders like type 2 diabetes mellitus,
cardiovascular disease, hypertension, IR, dydlipi-
daemia and obesity with VDD [13,14]. Moreover,
Patients with low vitamin D levels are more prone
to thrombosis but there was limited data concerning
the pro-fibrinolytic, antitrombotic effect of vitamin
D [15].

On the other hand, several studies had shown
that the vitamin D supplementation might improve
IR and reduce serum androgens in PCOS [16].
Seyyed Abootorabiaet a., [17] also showed im-
proved fasting plasma glucose, HOMA-B, adi-
ponectin, and serum vitamin D level by Vitamin
D supplementation in vitamin D deficient women
with PCOS. However, another study failed to ob-
serve a positive influence of vitamin D3 supple-
mentation on insulin-sensitivity [12].

Therefore, the aim of this study wasto examine
the relationship between serum level of vitamin D
and PCOS metabolic and haemostatic parameters
and to evaluate the effect of vitamin D3 oral sup-
plementation on these parametersin letrozole-
induced PCOS rat models.

Material and M ethods

This study was conducted in Faculty of Medi-
cine, Zagazig University in the period from June
2018 to February 2019 and involved thirty healthy
adult female albino rats of local strain weighing
190-217g obtained from faculty of veterinary med-
icine animal house. Rats were kept under hygienic
conditionsin steel wire cages (5/cage) at room

temperature, maintained on a natural light/dark
cycle with free access to water and adapted to the
new environment for one week before the experi-
ment going on. All experimental procedures were
approved by the Institutional Research Board and
Ethics Committee of Faculty of Medicine, Zagazig
University.

Rats were randomly assigned to three equal
groups. Group (1): (Control) in which 1ml water
was given orally by gavage daily for 21 days, group
(I1): (PCOS induced) in which letrozole (ACDIMA
international) was given orally by gavage at a dose
of 1mg/kg dissolved in water daily for 21 days.
This dose was chosen according to the previous
study in which the cystic follicle formation was
induced [18], and group (I11): (Vitamin D3 treated
PCOS induced) in which letrozole was given orally
by gavage at a dose of 1mg/kg dissolved in water
with cholecalciferol (2001U/day) [19] daily for 21
days (Vidrop oral drops 2800 IU/ml (each drop
contains 1001V of vitamin D).

Determination of sexual cycle:

Vaginal smears were prepared daily by vaginal
washing with saline then the fresh unstained sam-
ples were examined microscopically during the
period of treatment, and cycles with duration of
4-5 days were considered regular [20]. Determina-
tion of estrus phases were done according to Gold-
man et a., [21].

Sample collection: Retro-orbital venous plexus
blood samples (6ml) were collected and divided
into three vials. Thefirst one (2ml) was containing
3.2% sodium citrate in the ratio 1:9 with the blood
and centrifuged at 2000rpm for 15min (sampling
of controls were taken in the estrus phase). Plasma
obtained was used for estimation of prothrombin
time (PT), activated partial thromboplastin time
(@PTT), plasma FVIIl, VWF, (tPA), PAI-1 activity,
D-dimers and fibrinogen levels. The second vial
(2ml) was used to separate serum. It was obtained
by allowing the blood samplesto clot then centrif-
ugation at 3000rpm for 20 minutes and kept at
(—20°C) and used to measure levels of, glucose,
in- sulin, total cholesterol (TC), triglycerides (TG),
high density lipoproteins cholesterol (HDL-c), very
low density lipoproteins cholesterol (VLDL-c),
low density lipoproteins cholesterol (LDL-c), tumor
necrosis factor-alpha (TNF- (x), interleukin-6 (IL-
6), LH, FSH, testosterone, estradiol and progester-
one. Thethird vial wasfilled with fresh blood
(2ml) for measuring the whole blood clotting time
(WBCT). The ovaries were dissected and right
ovaries were frozen immediately at —70°C until
used for determination of oxidative stress markers
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whereas, |eft ovaries were used for histopathol og-
ical examination.

* Biochemical analysis:

Measurement of serumvitamin D: Serum vita-
min D was estimated as described by Holick [22]
using 25(0OH) vitamin D ELISA kit (Sigma-Aldrich
Co, Egypt).

Measurement of serum glucose and insulin:

Serum glucose was estimated as described by
Tietz [23] using specific glucose kit (Bioscience,
Egypt) and analyzed by spectrophotometer device
(URIT-810, China) at 546nm wave length.

Insulin was measured as described by Temple
et al., [24] using specific insulin kit (BioSource
Belgium) and analyzed by spectrophotometer de-
vice at 450nm wave length.

Calculation of Homeostasis model assessment
of insulin resistance (HOMA-IR): Was cal cul ated
according to the following formula:

[HOMA-IR=Insulin ( jU/mL) x glucose (mg/
dl)/405] [25].

Measurement of serum lipids profile:

TC and TG were measured by enzymatic color-
imetric method described by Tietz [23] using specific
cholesterol and triglycerides kits (Spinreact Spain)
and analyzed by spectrophotometer device at 500
nm wave length. HDL -c was measured by precip-
itating reagent method described by Tietz et al.,
[23] using HDL-c precipitating reagent kit (Spinre-
act, Spain) and analyzed by spectrophotometers
device at 600nm wave length. LDL-c and VLDL-
c were measured by using Friedewald et al., [26]
formula.

TG TG
LDLc=TC-HDLc z VLDc =—5—

Measur ement of serum sex hor mones;

Serum FSH level was measured according to
Rebar et al., [27] using Follicle-Stimulating Hor-
mone (FSH) enzyme immunoassay test kit (Catalog
Number: BC-1029, BioCheck, Inc 323 Vintage
Park Dr. Foster City, CA 94404), measured by
using spectrophotometer (spectronic 3000 Array,
Germany) at 450nm.

Serum LH level was measured according to
Tietz [23] using Luteinizing hormone (LH) enzyme
immunoassay test kit (Catalog Number: BC- 1031,
BioCheck, Inc 323 Vintage Park Dr. Foster City,
CA 94404), was measured by using spectropho-
tometer (spectronic 3000 Array, Germany) at
450nm. Serum testosterone level was measured
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according to Tietz [23] using testosterone enzyme
immunoassay test kit (Catalog Number: BC-1115,

BioCheck, Inc 323 Vintage Park Dr. Foster City,

CA 94404), was measured by using spectropho-
tometer (spectronic 3000 Array, Germany) at 450
nm. Serum estradiol Level: was measured according

to the method described by Tietz [23] using rat
estradiol (E2) enzyme-linked immunaosorbent assay
kit: (Catalog Number: 2011-11-0175, shanghai

sunred biological technology, china) at 280nm.

Serum progesterone L evel was measured according
to the method described by Tietz [23] using rat
progesterone enzyme-linked immunosorbent assay
Kit: (Catalog Number: Catalog Number: 2011-11-

0742, shanghai sunred biological technology, china)
at 254nm.

Measurement of serum TNF- a level: Serum
TNF-a level was measured as described by Fern-
ando et al., [28], using commercial ELISA Kit,
(Catalog Number RAB0480, provided by Sigma-
Aldrich Co).

Measurement of serumIL-6 level: Serum IL-
6 level was measured as described by Engvall and
Perlmann [29], using IL-6 ELISA Kit (Catalog
Number RAB0306 provided by Sigma-Aldrich
Co).

Measurement of Ovarian malondial dehyde
(MDA), superoxide dismutase (SOD) and glutath-
ione peroxidase (GPx): These markers of oxidative
stress were measured in ovarian tissue as described
by Ohkawaet al., [30], Kakkar et al., [31] and Reddy
et a., [32] respectively.

* Haemostatic parameters:

Bleeding time: It was measured according to
the method described by Martin [33].

Whole blood clotting time: It was measured
according to the method described by Quick, [34].

Prothrombin time: It was measured according
to the method described by Arkin [35] using coag-
ulometer (bmc coagulation analyzer 600).

Activated partial thromboplastin time: It was
measured according to method of Ansell [36] using
coagulometer.

Plasma fibrinogen levels: It was measured
according to the method described by Cooper and
Douglas [37] using coagulometer.

Plasma D-dimer level: It was measured using
ELIZA kit, (GenWay Biotech, Inc, ca 40-88-
234402, USA) according to the method described
by Declerck et al., [39].
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Plasma von willebrand factor antigen (VWVF)
activity: It was measured using ELI1ZA kit, accord-
ing to the method described by Declerck et al.,
[39].

Plasma plasminogen activator inhibitor 1 (PAI-
1) level: 1t was measured using EL1ZA kit, accord-
ing to the method described by Declerck et al.,
[39].

Plasma coagulation factor FVIII: It was meas-
ured using EL1ZA kit that was obtained from Amer-
ican diagnostic according to the method described
by Mannucci et al., [39].

Plasma tissue-type plasminogen activator (t-
PA): It was measured using t-PA ELIZA kit (catalog
No: MBS2507499, provided by myobiosource)
according to the method described by Ito et al.,
(40].

Histopathological examination:

The ovaries were dissected, fixed in 10% buff-
ered formalin for 6 hours at room temperature and
washed in a phosphate buffer saline solution. The
fixed tissues were dehydrated in an ascending
series of ethanol, cleared in xylene then embedded
in paraffin. 5 gutleick sections were mounted in
slides previoudly treated with 3-aminopyropyl
triethoxysilane and stained with hematoxylin and
eosin for light microscopy [41] .

Satistical analysis:

Data were presented as mean * SD. The Statis-
tical Package for the Social Sciences (SPSS),
version 19.0 (SPSSInc., Chicago, IL, United States)
was used for performing the statistical analysis.
Analysis of variance (ANOVA) followed by LSD
post hoc test was performed to compare means of
the different groups. Pearson's correlation analysis
was performed to display possible relationships
between serum vitamin d and the measured param-
eters. p-value <0.05 was considered to be statisti-
cally significant for all statistical tests done.

Results

The present study showed that while regular
sexual cycleswere observed in all rats at the be-
ginning of the experiments and in control rats,
letrozole-treated rats (rats with PCOS) were acyclic
and showed persistent estrus.

The present study also showed that letrozole-
treated rats (group 1) showed a statistically signif-
icant increase in the levels of serum insulin, glucose
and calculated HOMA-IR, Cholesterol, Triglycer-
ide, LDL-c, VLDL-c, testosterone (p<0.001), FSH

(p<0.01), LH, TNF-a, IL-6 and ovarian MDA
(p<0.001) in comparison to those of control group
(1), while there was a statistically significant de-
crease in the levels of 25(OH) vitamin D, HDL-c,
estradiol, progesterone, ovarian SOD and GPx
(p<0.001) when compared to controls.

However, PCOS rats treated with vitamin D
(group I11) showed a statistically significant de-
crease in the levels of serum insulin (p<0.01),
glucose and calculated HOMA-IR, Cholesterol,
Triglyceride, LDL-c, VLDL-c, testosterone ( p<
0.001), FSH, LH (p<0.05) TNF-a, IL-6 and ovarian
MDA (p<0.001) when compared to those of un-
treated letrozole-induced PCOS rats, but it showed
statistically significant increasesin the levels of
serum 25(OH) vitamin D, HDL -c, estradiol, pro-
gesterone, ovarian SOD and GPx ( p<0.001).

In addition, serum 25(OH) vitamin D showed
statistically significant negative correlations with
serum insulin, glucose, calculated HOMA-IR,
Cholesteral, Triglyceride, LDL-c, VLDL-c, TNF-
a, IL-6, LH, FSH, testosterone and ovarian MDA
in letrozole-induced PCOS studied group. However,
statistically positive correlations were found be-
tween 25(0OH) vitamin D serum level and HDL -c,
estradiol, progesterone and ovarian SOD, GPx
levelsin that group.

Moreover, statistically significant decreasesin
bleeding and clotting times, PT and aPTT (p<0.001)
with statistically significant positive correlations
with serum 25(OH) vitamin D together with statis-
tically significant increasesin plasma FVI111, Vwf,
D-dimers, PAI-1 activity and fibrinogen levels
(p<0.001) (with statistically significant negative
correlations with serum 25(0OH) vitamin D) were
observed in letrozole-induced PCOS rats that were
improved with vitamin D supplementation in the
treated group.

Additionally, histopathological examination of
ovaries from the control group revealed numerous
ovarian follicles at various grades of maturation
surrounded by dense ovarian stroma (Photo 1).
However, follicular cysts were observable on the
surface of ovaries from PCOS group (11) in the
form of fluid-filled sacs and histological examina-
tion revealed large cystic folliclesfilled by granu-
losa cells and surrounded by dense stroma (Photo
2). However, the number of cystic follicles was
significantly decreased by vitamin D adminstration
in vitamin D3 treated PCOS group (letrozole +Vit.
D3) (Photo 3), but were still higher than control

group.
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Table (1): Biochemica Parameters of all studied groups.

Parameter Group | Group 1 Group 1

25(0H) vitamin D 34.65:2.36 19.6+3.16  32.4+2.17.4
(ng/ml) p<0.0012 NSa, p<0.001b

Glucose (mg/dl)  81.25:6.4 153.6:6.4  126.65+7.3
p<0.0018  p<0.0018b

Insulin (nIU/ml)  20.58%*2.1 29.5%2.1 25.25+2.8
p<0.00128  p<0.0012 p<0.01P
Photo (1): Photomicrograph of ovarian tissue of control group HOMA-IR 414406 11.2+16 7.9%11
showing numerous variable sized graffian follicles p<0.0012 p<0.001 &b
(black arrows) at different stages of maturation
surrounded by dense spindle shaped ovarian stroma Cholesterol 7342457 126.2+9.2 97.89+6.4
(H&E X200). (mg/dl) p<0.0012  p<0.001&P
Triglyceride 69.2+3.1 132.2+9 80.9+6.4
(mg/dl) p<0.00128  p<0.012 p<0.001P

HDL-c (mg/dl) 404725 2761+32  34.18%29
p<0.0012  p<0.001&b

LDL-c(mg/dl) 1911464 72.14%101  47.53%7.3
p<0.0018  p<0.001ab

VLDL-c(mg/dl) 13.84+06 26.44*18  16.18+12
p<0.00128  p<0.012 p<0.001P

Testosterone 1.33+0.37 238+0.2 1.72+0.2
(pg/ml) p<0.0012  p<0.012 p<0.001P
Estradiol (pg/ml)  34.62£2.6 21.7+34 27.37%2.7
Photo (2): Photomicrograph of ovarian tissue of letrozole- p<0.0012 p<0.001ab
induced PCOS group showing increased cystically
dilated graffian follicles (red arrows) surrounded Progesterone 27.82t2.6  15.78+2.3 21.69+2
by dense ovarian stroma (H& E X200). (ng/ml) p<0.0018  p<0.001&b
LH (1U/ml) 0.86+0.03 0.95+0.05 0.90+0.02
p<0.0012  <0053D
FSH (1U/ml) 4.39+0.48 4.95+0.28 4.56+0.39
p<0.018 NSa, p<0.05b

TNF-a (pg/ml)  24.75t42 470745  36.63t2.9
p<0.0018  p<0.001&b

-6 8174095 21.71:315 14.23%173
p<0.0018  p<0.0018b

MDA (mmol/gm) 81.3+63  144.79+11.45 103.95+8.89
p<0.0018  p<0.001&b

SOD (U/gm) 751+£0.5 4.37+0.76 6.07+0.68
Photo (3): Photomicrograph of ovarian tissue of vitamin D 3 p<0.0012 p<0.001ab
treated PCOS group showing reduction in the size
and number of the previously cystically dilated GPx (U/gm) 23.3%25  1213#2,05 19.27+2.12
graffian follicles (red arrows) with normal graffian p<0.001@ p<0.001 &b

follicles (black arrows) (H& E X200).
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Table (2): Haemostatic parameters of all the studied groups.

Parameter Group | Group 11 Group 111
BT (sec) 93.6+3.2 74.6+3.02 87.2+3.25
p<0.0012 p<0.001ab
WBCT (sec) 119.8+14.39 76.6+9.33 98+8.01
p<0.0012 p<0.001ab
PT (sec) 16.4+2.01 9.5+19 12.8+1.54
p<0.0012 p<0.0012b
aPTT (sec) 24.09+3.07 15.9+2.51 19.7+2.40
p<0.0014 p<0.0lab
Plasma Fibrinogen (mg/dl) 221.1+12.55 323+27.1 268.7+17.35
p<0.0012 p<0.001ab
Plasma D-dimer (mg/dl) 63.69+3.59 112.1+10.95 80+9.53
p<0.0012 p<0.001ab
Plasmafactor VIII (U/L) 263.09+9.56 310.3+14.75 285.4+11.64
p<0.0012 p<0.001a.b
Plasma Von Willebrand factor (vWF ) (ng/ml) 92.08+3.69 131.38+7.69 103.37+6.27
p<0.0012 p<0.0012ab
Plasma tissue plasminogen activator (tPA) (ng/ml) 1.85+0.22 2.03+£0.27 1.89+0.29
NSa Nsab
Plasma PAI-1 (ng/ml) 4.07+0.46 13.83+1.82 7.43+1.25
p<0.0012 p<0.001a.b
a=Versusgroup |. b=Versus group II. NS=Non-significant (p>0.05).
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Figs. (1-3): Correlation between serum vitamin D and serum glucose, insulin and HOMA-IR respectively in group I1.
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Figs. (4-6): Correlation between serum vitamin D and serum cholesterol, triglyceride and HDL -c respectively in group I1.
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Figs. (13-15): Correlation between serum vitamin D and serum testosterone, estradiol and progesterone respectively in group I1.
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Figs. (16-18): Correlation between serum vitamin D and ovarian MDA, SOD and GPx respectively in group I1.
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Figs. (19-21): Correlation between serum vitamin D and BT, WBCT and PT respectively in group I1.
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Figs. (22-24): Correlation between serum vitamin D and aPTT, Plasma Fibrinogen and D-dimer respectively in group I1.
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Figs. (25-27): Correlation between serum vitamin D and Plasmafactor VIII, vWF and Plasma PAI-1 respectively in group I1.

Discussion

Polycystic ovary syndrome (PCOS) is acom-
mon and multifactorial disease associated with
both endocrine and metabolic disorder and charac-
terized by hyperandrogenism and ovarian abnor-
malities, resulting from a disruption in the hypoth-
alamic-pituitary-ovarian axis [42].

Women with PCOS have shown dysregulation
of the hemostatic system that may contribute to
CV disease (CVD) [43].

The etiology and pathology of PCOS are ex-
tremely complicated and management of this dis-
order remains controversial. Thus, the treatment
protocols are applied according to the symptoms
of affected women [44]. During recent years, vitamin
D supplementation is also involved in these proto-
cols and differences in the therapeutic efficacy of
vitamin D were reported in PCOS patients [45].
The number of studies with regard to effect of
vitamin D treatment on ovarian morphology in
PCOS is aso extremely low [46].
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Consequently, we examined the therapeutic
effects of vitamin D supplementation and the as-
sociation between its serum level and some bio-
chemical and hemostatic parametersin letrozole-
induced PCOS rat models.

Our results revealed that PCOS rats had lower
serum 25(0OH) vitamin D concentrations, consistent
with the findings of previous studies that reported
lower serum vitamin D levelsin PCOS patients
than in non-PCOS subjects [10,47] . However, Ganie
et al., [49] did not find such difference in serum
25(0H) vitamin D levels. The effect of vitamin D
deficiency on metabolic and reproductive dysfunc-
tionsin PCOS may be mediated by insulin resist-
ance. Insulin resistance increases hyperandrogenism
through insulin increasing ovarian androgen pro-
duction, and reducing sex hormone-binding glob-
ulin (SHBG) production [9].

In our PCOS model, the serum FSH, LH and
testosterone levels were significantly higher in the
PCOS group than in the control group with signif-
icant negative correlations with vitamin D serum
level. On the other hand, the serum estradiol and
progesterone levels were significantly decreased
with significant positive correlations with vitamin
D level in the PCOS group. Letrozole, a non-
steroidal aromatase inhibitor, reduces conversion
of androgensto estrogens in the ovary and results
in a condition termed hyperandrogenism with
hyperandrogenemia, in which serum estradiol con-
centration significantly decreases and consequently
non-arometizabl e androgens such as testosterone
increase. Hyperandrogenism as a key regulator in
the pathogenesis of a majority of PCOS cases
devel oped cystogenesis by impairing maturation
of developing folliclesin the ovaries [49]. Moreover,
decreased rate of normal ovulations or anovulation
and lack of developing CL have been shown to
lead to decreased serum progesterone concentra-
tionsin the present model, as aso seen in PCOS
women [50] . Such hormonal disturbance led to
constant estrus manifestation in PCO rats [51].

It was also reported that the increase of LH
level probably plays an important role in the path-
ological mechanism of the higher androgen pro-
duction in the ovaries. It is estimated that the
significant increase in LH levels causes an increase
in LH/FSH levels, while relative FSH deficiency
causes impaired follicle maturation [52].

In this study, we also elucidated the beneficial
effects of vitamin D in PCOS treated rats. We
found that treatment with vitamin D alleviated the
serum gonadotropins, estradiol, progesterone, and
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testosterone and improved insulin resistance. These
findings are in accordance with those of Celik et
al., [46] which showed that vitamin D treatment
lowered FSH, LH levels, LH/FSH ratio, and testo-
sterone levelsin dehydroepiandrosterone (DHEA)
treated rats. The possible mechanism may be the
direct stimulatory effect of 1,25(OH)2D3 on the
aromatase gene expression in reproductive tissues
[53].

Moreover, histological examination of ovaries
from the letrozole-induced PCOS rats reveal ed
large cystic follicles filled by granulosa cells and
surrounded by dense stroma. However, vitamin
D3 supplementation significantly decreased the
number of these cystic folliclesin the treated PCOS
group (letrozole +Vit. D 3).

Similar results were reported from other studies
that observed an improvement in ovarian morphol-
ogy after vitamin D treatment [46] . It has been
suggested that testosterone stimulates the early
stages of follicle growth and vitamin D might
inhibit the testosterone-induced early stages of
follicular growth [54] . They also reported that the
junctional complexes between granulosa cells of
the follicles contain high levels of Connexin43
(Cx43) in every stage of follicle development and
the expression of Cx43 was decreased during fol-
licular atresia. In the same study it was reported
that high dose testosterone administration down-
regulates Cx43 levels and the testosterone-induced
downregulation of Cx43 can be reversed by vitamin
D treatment.

VD may play an important role in reproductive
functions since Vitamin D receptors (VDRS) have
been found in the ovary, endometrium and placenta
[55] . Severa studies have shown that VD and cal-
cium supplementation may help in ovulation and
normalization of menses [56-58] . On the contrary,
Ganie et a., [48] observed no relationship to men-
strual cyclicity/ovulation. They also found a posi-
tive correlation between serum 250HD and serum
total testosterone levelsin contrast to the negative
correlation reported in our study and in the study
of Yildizhan et al., [9].

Moreover, insulin resistance (IR), evidenced
by the significantly increased serum glucose and
insulin levelsin addition to increased HOMA-IR,
with significant negative correlations with vitamin
D were observed in this study. Insulin excess can
cause fulliculogenesis disruption through stimulat-
ing androgen production by theca cells and elevat-
ing serum-free testosterone levels [59,60] . This
finding is consistent with previous studies revealing
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anegative association of 250HD and HOMA-IR
in PCOS women [61] .

We also elucidated the beneficial effects of
vitamin D3 on IR in PCOS treated ratsin our study.
Vitamin D might directly increase insulin sensitivity
via stimulating the expression of insulin receptors
in peripheral tissues [62]. Vitamin D receptors are
expressed in 2776 genomic positions and modul ate
the expression of 229 genesin more than 30 dif-
ferent tissues, such as skeleton, brain, breast,
pancreas, parathyroid glands, immune cells, cardi-
omyocytes, and ovaries [63]. Vitamin D may play
arolein glucose metabolism by enhancing insulin
synthesis and release, and increasing insulin recep-
tor expression or suppression of proinflammatory
cytokines that possibly contribute to the devel op-
ment of insulin resistance [63].

More over, in the present study, dydlipidemia
manifested by significant increases in total choles-
terol, triglyceride, LDL, VLDL (with a significant
negative correlation versus serum 250HD level),
and a significant reduction in HDL (with asignif-
icant positive correlation versus serum 250HD
level) was observed in PCOS rats. Thisis probably
due to excessive hypersecretion of apolipoprotein
B and very low density lipoprotein (VLDL) from
the liver following insulin stimulation, ultimately
resulting in hypertriglyceridaemia, low levels of
high-density lipoprotein (HDL) and high levels of
low-density lipoproteins (LDL) [44] . A previous
research has also shown that the 250HD isinverse-
ly correlated with the total cholesteral, triglycerides,
body weight, and other metabolic disturbancesin
PCOS patients suggesting that vitamin D deficiency
might be a causal factor in the pathogenesis of
PCOS [65] . However, Ganie et al., [48] and Kumar
et al., [66] did not demonstrate any relationship
between serum 250HD levels and clinical, meta-
bolic or insulin sensitivity

Vitamin D treatment also significantly improved
the dyslipidemiain PCOS treated rats. Von Hurst
et a., [61] and Wehr et al., [68] also showed positive
effects on insulin sensitivity and IR, lipid profile,
menstrual cycle and follicular development with
Vitamin D supplementation. In contrast, Jiaet a.
[45] failed to detect any therapeutic effect of vita
min D3 supplementation in PCOS.

Moreover, the present results revealed a signif-
icant increase in serum TNF-a and IL-6 level, with
a significant negative correlation versus serum
250HD level. Thisisin accordance with results
of Rezvanfar et al., [51], who detected higher serum
TNF-a concentration in the letrozol e-induced

PCOS rats when compared with controls. Vitamin
D co-treatment to letrozole-induced PCO ratsin
this study also significantly prevented the elevation
of TNF-a and IL-6 concentrations and kept it close
to that of controls.

Chronic low-grade inflammation has appeared
to be akey contributor to the pathogenesi s of
PCOS. TNF-a and IL-6 could induce insulin re-
sistance, stimulate the production of androgen and
lead to hypothalamic-pituitary-ovarian axis secre-
tion disorder [69] . Emerging data from experimental
models and from clinical studies suggest that hy-
perandrogenism is progenitor of chronic low-grade
inflammation that in turn directly stimulates excess
ovarian androgen production [70] . It can arrest
follicular development via apoptosisin granulosa
cells resulting to poor oocyte quality and ultimately
progressive follicular atresia through higher serum
TNF-a concentrations [71].

Aside from inflammation and hyperglycemia,
oxidative stress also contributes to PCOS [72]. In
PCOS group in our study, ovarian SOD, and GPX
were decreased with significantly higher levels of
ovarian MDA.. These findings also co-related with
the previous researches [18,73]. However, Vitamin
D administration had also improved the antioxidant
activities and decreased ovarian MDA level.
Algasim et a., [74] aso demonstrated the beneficial
antioxidant effect of vitamin D in diabetic rats.
Vitamin D might impro ve the downregulation of
nuclear factor-like 2-kelch-like ECH-associated
protein 1 (Nrf2-Keapl) pathway that regul ates the
expression of antioxidant proteins as well as sup-
press nuclear factor kappa-light-chain-enhancer of
activated B cells (NF-kB) and NADPH oxidase
activity [79].

Interestingly, our results also showed a pro-
thrombotic state in PCOS group, as reflected by
decreased bleeding and clotting times, PT and
aPTT together with significant increasesin plasma
D-dimers, PAI-1 activity and fibrinogen levels.
This hypercoagulable state can be explained by
insulin resistance, dydlipidemia, inflammatory
mediators and oxidative stress that all have been
elucidated above in our study.

Elevated levels of fibrinogen, factor V111, and
VWEF could lead to hypercoagul ability. Fibrinogen
is mainly produced by hepatocytes in response to
inflammatory cytokines [76] . Fibrinogen levels
have also been reported to be elevated in PCOS in
other studies [43,77] . However, Kebapcilar et al.,
[4] reported normal level.
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PAI-1 isthe principal inhibitor of fibrinolysis.
Increased PAI-1 activity is associated with hypofi-
brinolysis and may contribute to thrombosis. Con-
sistent with reports of Manneras-Holm et al., [43],
PAI-1 activity was found to be higher in PCOS
rats than controlsin this study. Low SHBG and
high insulin levels were the strongest explanatory
factors of high PAI-1 activity in PCOS [7g].

Huang et al., [79] also noted a hypercoagulable
state with higher FX levels and probable micro-
thrombus formation in the uterine vesselsin PCOS
women compared with non-PCOS women, which
would probably lead to poor microcirculation of
endometrium in PCOS women and influence suc-
cessful embryo implantation as well as subsequent
maintenance of pregnancy.

The subclinical inflammation is thought to be
an important underlying mechanism leading to
coagulation/fibrinolysis abnormalities in PCOS.
It was demonstrated that both lean and obese pa-
tients with PCOS have increased plasma C-reactive
protein levels compared with BMI-matched con-
trols, indicating that the subclinical inflammation
seen in PCOS might be related with the presence
of the disorder rather than with obesity [80].

It isaso well established that insulin resist-
ance/ hyperinsulinemia may alter fibrinolysis
by enhancing PAI-1 secretion [81] . Treatment
with insulin sensitizersis associated with a
reduction in PAI-1 levelsthat is aso paralleled
by adecline in circulating androgen levels,
suggesting a link between plasma androgens
and PAI-1 levels [82].

Notworthy, vitamin D 3 adminstration signifi-
cantly improved these haemostatic parametersin
the treated PCOS group. In line with these findings,
Ohsawa et a., [83] found that 1,25(OH)2D exerts
anticoagulant effects by upregulating the expression
of the anticoagulant glycoprotein, thrombomodulin,
and downregulating the expression of acritical
coagulation factor, tissue factor, and upregulates
thrombomodulin expression in monocytic cells,
counteracting the effects of tumor necrosis factor
(TNF)-a and oxidized low-densitylipoprotein cho-
lesterol.

Moreover, vitamin D receptor (VDR) knockout
mice exhibited an exacerbated multiorgan thrombus
formation after lipopolysaccharide injection. These
results suggest that the VDR system plays a phys-
iological role in the maintenance of antithrombotic
homeostasis [84] .
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Taking the present findings together, it can be
concluded that letrozole-induced PCOS is charac-
terized by a prothrombotic state, as reflected by
increased PAI-1 activity, fibrinogen & D-dimers
levels and decreased bleeding, clotting times, PT
and aPTT that can be explained by insulin resist-
ance, inflammatory mediators and oxidative stress

Vitamin D might be used as an interesting,
economical, and safe therapeutic approach in PCOS
patients especially those who had hypovitaminosis
D.

Additional studies are required to detect the
precise mechanism of PCOS and to investigate the
potential therapeutic role of vitamin D in PCOS
patients with hypercoagulable state.
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