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Abstract  

Background:  Selenium supplementation could be effective  
on reproductive function, however, its effect on serum Oste-
opontin (OPN) level in Polycystic Ovary Syndrome (PCOS)  

is not studied yet.  

Aim of Work: The present study examines the effect of  
selinum on ovarian structure and function, in addition to its  

effect on OPN level in letrozole-induced PCO rat model.  

Material and Methods: Thirty albino rats were included  
in the study and divided into 3 groups: Group (I): Normal  

control group, Group (II) PCOS group and Group (III): PCOS  

treated group with intra peritoneal (i.p.) sodium selenite (0.3  

mg/kg) for 14 days after PCO induction, which was induced  
by oral letrozol (1mg/kg) daily for 21 consecutive days. At  

the end of the experiment physical parameters (body weight,  

duration of oestrous cycle, ovarian and uterine weights) were  
estimated, metabolic parameters (glucose, insulin and calcu-
lated HOMA-IR), hormonal profile (total testosterone, 17 p -
estradiol, progesterone, FSH and LH), inflammatory mediators  

(OPN and C-Reactive Protein (CRP)), and finally macro  

anatomical and micro morphological studies of the ovaries  

were done.  

Results: There was a significant increase in serum FSH,  
LH, testosterone, CRP, OPN, body weight and duration of  
esterous cycle with significant decrease in estradiol, proges-
terone level and uterine weight accompanied by appearance  

of multiple ovarian cysts and disappearance of corpus luteum  
in histological studies in Group II. However, selinum treatment  
for fourteen days reversed the above mentioned findings  

except for body weight. Moreover, OPN showed a significant  

positive correlation with FSH, LH and CRP. While it showed  
a significant negative correlation with estradiol and proges-
terone in both Group II and III.  

Conclusion: Treatment with selinum exerts beneficial  
effects in PCOS rats which might be due to its anti-
inflammatory properties.  
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Introduction  

POLYCYSTIC  Ovary Syndrome (PCOS) is a  
common gynecological, endocrine and metabolic  
disorder in women, it is influencing 6-18% of  
women at reproductive age [1,2] . It is an important  
cause of ovulatory and menstrual irregularity,  

subfertility and infertility, clinically evident hyper-
androgenism and gonadotropin abnormalities [3] .  
In addition, PCOS is an inflammatory disorder  

associated with Insulin Resistance (IR), glucose  
intolerance, obesity, and dyslipidemia, which may  
be related to higher risk of developing cardiovas-
cular disease and type 2 diabetes [4,5] . Although  
several studies presented in this issue, the patho-
physiological mechanisms of PCOS are still un-
known [6,7] .  

Osteopontin (OPN) is a glycoprotein that has  
a functional role in multiple physiological and  
pathological events such as bone mineralization,  

atherosclerotic process, inflammation, IR, and  

malignant diseases [8,9] . It is a pro-inflammatory  
cytokine and is expressed in various tissues includ-
ing bone, bone marrow, vascular tissues, kidney,  
ovary, activated macrophages, and T-lymphocyte  

[9] .  

Interestingly, Kuwabara et al., [10]  reported that  
there is a link between OPN and ovarian function,  
as its expression in mouse ovaries and circulating  

levels were increased after gonadotropin adminis-
tration.  

Additionally, Selenium (Se) is an essential trace  
element, which has important biological effects  

on human health. Recent studies has been presented  

that selenium may affect several gynecological  
and obstetric complications including male and  
female infertility [11,12] . However, data on the  
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beneficial effects of Se supplementation on biomar-
kers of inflammation, metabolic profiles and oxi-
dative stress in human and animal studies are  
conflicting [13,14] .  

So the present study was designed to estimate  
serum OPN level and its possible association to  

hypophyseal-ovarian axis and to determine the  

effects of Se supplementation on macroanatomical  
and/or microscopic ovarian structure, hormonal  

disturbances and inflammatory markers in PCOS  
rat model.  

Material and Methods  

Animals:  A total number of 30 female albino  
rats of local strain weighing 190-220g, were ob-
tained from the Animal House of Faculty of Veter-
inary Medicine, Zagazig University. The animals  
were kept in steel wire cages (4 rats/cage). They  
were housed in room temperature with natural  

light/dark cycles. They had free access to food and  

water. All rats received care in accordance with  

the national health guidelines and the study protocol  
was approved by the Institutional Review Board  
and Ethics Committee of Faculty of Medicine  

Zagazig University, the study was conducted in  

the period from November 2017 to January 2018.  
The rats were accommodated to laboratory condi-
tions for two weeks before the experiments was  

started.  

Study protocol:  Adult rats which had two se-
quential regular 4-5 days estrous cycles, confirmed  

using vaginal cytology, were subdivided into 3  
groups: Group I (n=10): Normal control group in  
which rats were given 1ml of 1% Carboxy Methyl  
Cellulose (CMC) orally all through the experiment.  

Group II (n=10): PCOS group, and Group (III)  
(n=10): PCOS rats treated with intra-peritoneal  

(i.p.) sodium selenite (0.3mg/kg bodyweight) (Sig-
ma-Aldrich) for 14 days [15]  starting from day 21  
of the study after approval of PCO by vaginal  
smear. At the same time control rats received i. p.  

saline as well.  

Induction of PCO:  It was induced by gavage  
letrozole (non-steroidal aromatase inhibitor)  

(ACDIMA international) (1mg/kg dissolved in 1%  
CMC) for 30 consecutive days [16] .  

Determination of the sexual cycle: Smears were  
obtained daily at 9a.m. by vaginal washing using  

saline and fresh unstained samples were evaluated  

microscopically during the experimental period,  

cycles with duration of 4 days were considered  
regular [17] . The four phases of the estrus cycle  
according to Goldman et al., [18]  are as follow:  

I- The proestrus phase:  The vaginal smear shows  
many live epithelium with smooth margins.  

II- The estrus phase:  The vaginal smear shows  
large cornified (keratinized) cells with irregular  

margins.  

III- The metaestrus phase: The vaginal smear  
shows many cornified cells plus infiltration of  
leukocytes.  

IV- The dioestrus phase:  The vaginal smear shows  
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 defined as persistent  
estrus, indicating development of PCO [19] .  

Blood sampling: At day 37 from the beginning  
of the intervention, 24h after the last dose of sodium  

selenite, weights of the fasting rats were estimated  

then rats were anaesthetized using ether, blood  

samples were obtained from orbital sinus (sampling  

of controls taken in the estrus phase). After clotting  

at room temperature blood was centrifuged for 15  

minutes at approximately 3000rpm [20] . The sepa-
rated serum was stored at –20ºC until assayed.  

Macro anatomical examination:  
After taking blood samples, the animals were  

fixed on ventrodorsal position then by sterile scis-
sor, their abdomens were opened under aseptic  

conditions to explore their genital tract.  

The genital tracts were dissected from the sur-
rounding visceral fat and ovaries were removed  

for macro morphological and macro morphometri-
cal studies using a magnifier lens. Ovarian length,  
width and thickness were measured by Stainless  
MAUB calliper (Polond manufacture). Then ovar-
ian and uterine weights were estimated using elec-
trical balance (Germany).  

Micro morphological studies:  
Right ovaries were fixed in 10% buffered for-

malin for 6 hours at room temperature and washed  

in a phosphate buffer saline solution, fixed tissues  

were dehydrated in an ascending series of ethanol,  

cleared in xylene and embedded in paraffin. 5 µm  
thick sections were mounted in slides previously  

treated with 3-aminopyropyl triethoxysilane and  
stained with hematoxylin and eoisin stain [21] .  

Estimation of serum biochemical parameters:  
1- Rat enzyme linked immunosorbant assay (ELI-

SA) kits were used to estimate level of 17 (3 - 
estradiol, progesterone, testosterone, Leutinizing  
Hormone (LH) according to the method de-
scribed by Tietz et al., [22]  (Cat: 2011-11-0175,  
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2011-11-0742, 2011-11-5126 and 2011-11-0180;  

respectively), Follicular Stimulating Hormone  

(FSH) according to the method of Rebar et al.,  

[23]  (Cat:2011-11-0183). Kits were provided  

from Bio Source Europe S.A.-Rue de l'Industrie,  
Nivelles-Belgium, and insulin following the  
instructions of Starr et al., [24]  (Cat: RAB0904,  
Sigma-Aldrich Chemie GmbH, U.S.A). OPN  
level was assayed according to kim et al., [25]  
(immune-biological laboratories Co, Japan; Cat:  

27350) and C-Reactive Protein (CRP) according  

to the instruction of Kimberly et al., [26]  
(Lifespan Bioscience, USA. Cat: LS-F26039- 
1).  

2- Glucose levels was assayed spectro–photome-
terically using glucose enzymatic (GOD-PAP)- 
liquizyme Kits (Biotechnology, Egypt) [22] .  

Insulin (μU/mL) X  

Calculation of homeostasis model 
 

Glucose (mg/dl)  
assessment of IR (HOMA-IR) = [27]  

405  

Statistical analysis: All data were expressed  
as mean ±  Standard Deviation (SD) for quantitative  

variables. The statistical analysis is done by using  
the Statistical Package for the Social Sciences  

(SPSS) program (Version 18 for Window 7). Mul-
tiple groups comparisons were carried using one-
way ANOVA, followed by post hoc test. The asso-
ciation between different variables was analyzed  
using Pearson correlation test. p<0.05 was consid-
ered to be statistically significant.  

Results  

Physical parameters:  

The results revealed a significant increase in  
body weight in PCO group and selinum treated  
PCO group in comparison to control group ( p  
<0.001). However, no significant change was ob-
served between both groups.  

Additionally, there was a significant decrease  

in uterine weight in PCO group when compared  

to control group (p<0.001) which was significantly  
increased after selinum treatment in Group (III)  

(p<0.001) in comparison to Group (II). In contrast,  

no significant change in ovarian weight was ob-
served among all the studied groups (p>0.05).  
Regarding the duration of esterous cycle, there  

was a significant prolongation in PCO group in  

comparison to control group which was significant-
ly shortened after Se treatment when compared to  

untreated PCO group (Table 1).  

Table (1): Physical parameters in all groups.  

Groups  
Parameters  Group I  Group II  Group III  

• Body weight (g)  265.6±7.69  342.9±27.11 a 
 331.7±30.39 a 

 

• Ovarian weight (g)  0.31 ±0.57  0.29±0.41  0.30±0.74  
• Uterine weight (g)  0.54±0.07  0.32±0.08 a 

 0.49±0.05b  
• Duration of estrous  4.50±0.63  10.15±0.51 a 

 5.6±0.53b  
cycle (days)  

a: Significant versus Group I.  
b: Significant versus Group II.  

Serum parameters:  
Untreated PCO Group (II) revealed significant  

increase in the serum levels of OPN, testosterone,  

FSH, LH, and CRP compared to control Group (I)  

(p<0.001, <0.001, <0.01, <0.001, and <0.001 re-
spectively). While, there were a significant decrease  

in estradiol and progesterone when compared to  

the same group (p<0.001) (Table 2).  

However, treated PCO Group (III) revealed  
significant decrease in the levels of OPN, FSH,  
LH, CRP (p<0.05), and testosterone (p<0.001)  
accompanied by a significant increase in estradiol  

and progesterone (p<0.001) when compared to  
Group (II).  

On the other hand, in comparison to control  
Group (I), this group showed significant increase  
in serum levels OPN, testosterone, and CRP (p<  
0.01, 0.001, and <0.01 respectively) and significant  

decrease in serum level of estradiol ( p<0.01),  
While, there was no significant change in levels  
of progesterone, FSH, LH between both groups.  
In addition, no significant change in glucose, insulin  
and calculated HOMA-IR was observed among all  
the study groups (Table 2).  

Table (2): Serum levels of all parameters in the studied groups.  

Groups  
Parameters  Group I  Group II  Group III  

Osteopontien (ng/ml)  36.02±4.2  75.1 ±5.8a 
 67.2±8.1 a,b  

Estradiole (pg/ml)  38.97±2.5  18.45±2.3 a 
 32.14±3.3 a,b  

Progesterone (ng/ml)  8. 12± 1 .06  5.78± 1 a 
 7.85±0.9b 

 

FSH (μIU/ml)  3.9±0.31  4.48±0.51 a 
 4.09±0.26b 

 

LH (μIU/ml)  2.24±0.36  2.87±0.05 a 
 2.49±0.35 b 

 

Testesterone (ng/ml)  74.4±7.1  225.2± 11.06a 
 187.3±7.8 a,b  

Glucose (mg/dl)  82.37±4.2  81.02±3.1  83.01 ±4.7  
INSULIN (μIU/mL)  10.95± 1  11.2±0.7  10.6± 1.1  
HOMA-IR  2.91 ±0.4  3.7±0.37  3.1 ±0.45  
CRP (μg/ml)  0.72±0.06  1.87±0.07 a 

 1.55±0.2a,b  

a: Significant versus Group I.  
b: Significant versus Group II.  

In addition OPN showed significant positive  
correlation with FSH, LH and CRP in both of  

Group II (p<0.01, <0.01, and <0.001, respectively)  
and Group III (p<0.05), while, it showed significant  
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negative correlation with estradiol and progesterone  

in Group II (p<0.05 and <0.01; respectively) and  

Group III (p<0.05). However, it showed insignifi-
cant correlation with testosterone, glucose, insulin  
and calculated HOMA-IR (p>0.05) in all groups  
(Table 3).  

Table (3): Pearson's correlation coefficient ( r) between serum  
osteopontin levels and the studied parameters within  

all groups.  

Groups  Group I  Group II  Group III  
Parameters  r  r  r  

Estradiole (pg/ml)  0.16  –0.65*  –0.71*  
Progesterone (ng/ml)  0.41  –0.88**  –0.68*  
FSH (µIU/ml)  0.4  0.83**  0.66*  
LH (µIU/ml)  0.03  0.86**  0.68*  
Testesterone (ng/ml)  0.02  0.5  0.54  
Glucose (mg/dl)  0. 01  0.27  0.15  
Insulin (uIU/mL)  0.27  0.41  0.56  
HOMA-IR  0.1  0.33  0.06  
CRP (µg/ml)  0.2  0.9***  0.65*  

*: p<0.05. **: p<0.01. ***: p<0.001.  

Macro anatomical and micro-morphological  
studies:  

In addition, macro morphological examination  

of the ovaries in control groups revealed that ovaries  

were located at the sub lumbar region caudal to  
the kidney. They have a grape like nodular appear-
ance with pinkish to reddish colour with mean  

ovarian weight (0.3 1g ±0.57) and average dimen-
sions (4.7mm X 4mm X 3.2mm). Moreover, their  
surfaces showed protruding mature graffian follicles  

with some reddish Corpora Lutea (CL) Fig. (1).  

Micro morphological examination of ovaries  
in control group showed that ovarian cortex con- 

tains different stages of follicle development Fig.  

(2): Primary follicle (the earliest stage of develop-
ment) was typically located under ovarian tunica  
albuginia. It was surrounded by single layer of  

simple squamous epithelium that may be changed  

into columnar one Fig. (3), secondary follicle: It  
was surrounded by multiple layers of proliferated  

granulosa cells (columnar epithelium) around the  
oocyte with appearance of zona pellucida between  

them Fig. (4), tertiary follicle: The spaces contain-
ing fluid between granulosa layers communicated  
to form large central cavity called follicular antrum  

filled by liquor folliculi. The oocyte is fixed with  

cumulus oophorus and surrounded with layer of  

corona radiate while the follicular theca is differ-
entiated into theca externa and theca interna Fig.  

(5), accompanied by three or four groups of CL  

Fig. (1).  

However, in PCO group macro anatomical  

examination detected the presence of several sub  

capsular cystic follicles accompanied by a well  

noticed decrease in width in the two uterine horns  

in comparison to control group Fig. (6). While,  

the histological examination of ovaries in the same  

group showed several numbers of cystic follicles  

surrounded by very thin layer of granulosa cells  

with no antral follicles or CL indicating anovulation  

Figs. (7,8).  

Interestingly, in selinum treated group, there  
was a decrease in the number of cystic follicles  

and increasing the number of the growing ovarian  

follicles through the stroma accompanied by ap-
pearance of a CL Figs. (9,10).  

(3) (4)  

(1)  (2)  

(5)  



(7)  (8)  

(6)  

(9) (10)  
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Figs. (1,6,9): Photomicrographs of insitu fresh female rat genitalia (left) and isolated dissected one (right) showing (a) ovary  

with grape like appearance, (b) uterine horns, (c) uterine body, (d) rectum of all studied groups. With appearance  

of several ovarian cysts externally in fig 6 (PCO group).  

Fig. (2): A photomicrograph of normal ovarian section with the cortex (c) containing numerous follicles in different maturation  

stage (f) with protruded several bodies as Corpus Luteum (CL). The medulla contains several blood and lymphatic  
vessels and nerves (H & E X4).  

Fig. (3): A photomicrograph of the primary follicle showing (a) oocyte, (b) A layer of granulosa cells, (c) ovarian cortex (H &  

E X10).  

Fig. (4): A photomicrograph of the secondary follicle showing (a) oocyte, (b) several layers of granulosa cells, (c) ovarian cortex  

(H & E X10).  

Fig. (5): A photomicrograph of the tertiary follicle showing (a) oocyte, (b) follicular antrum (c) zonagranulosa and cronaradiata,  
(d) cumulus oophorus (e) theca interna and (f) theca externa (H & E X10).  

Fig. (7): A photomicrograph of ovarian section of PCO group showing several cysts (the arrows) and absence of CL (H & E  

X4).  

Fig. (8): A photomicrograph with high magnification of one ovarian cyst showing a fluid-filled cyst surrounded by single thin  
layer of granulosa cells (the arrow).  

Fig. (10): A photomicrograph of ovarian section of PCO treated group showing a decrease in the number of cysts (black arrow)  

and several follicles begin to appear in different developmental stages (yellow arrows) (H & E X4).  
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Discussion  

The results of the present study revealed that  

experimentally induced PCOS is similar to that of  
the human in several ways, this observation was  
in accordance with the results of Daneasa et al.,  

[16]  and Rajan et al., [28] .  

The development of PCOS in this study was  
evidenced by significant reduction of uterine weight  
despite having no significant effect on ovarian  

weight, accompanied by significant decrease in  
serum estradiol and progesterone levels, as well  
as significant elevation of testosterone, LH and  

FSH levels when compared to control group, which  
is confirmed by the micro morphological ovarian  
findings that showed variable number of sub cap-
sular ovarian cysts and capsular thickening together  

with decreased number of CL or incomplete leuti-
nization with lutenized cells distributed in crescent  
shape or as a thin layer of cells.  

It was noticed by Daneasa et al., [16]  that Letro-
zole could induce high androgen level and ovarian  

cysts by inhibiting androgen conversion to estrogen  
and promoting alteration of the hypothalamic-
pituitary-gonadal axis and high LH levels. Addi-
tionally, decreased progesterone levels are also  

indicative of anovulation [29] . This hormonal dis-
turbance was responsible for irregular oestrous  
cycle and a persistent estrous phase caused the  

cysts to be filled with large amount of fluid which  

prevent the follicular growth [17] . Furthermore,  
eruption of ovarian follicles are controlled by  

progesterone and prostaglandins and alteration in  
these hormones cause un erupted follicles with or  

without leutinization [30] .  

Moreover, as uterine weight is regulated by  

estradiol, so their weight loss in loterazole only-
treated rats may be due to its low plasma levels  
[31] .  

Interestingly, Se administration in the present  

work caused significant increase in serum estradiol  

and progesterone in Group III accompanied by  

significant decrease in serum T, FSH and LH when  

compared to PCOS non treated group. It could be  

explained by its action on the granulosa cells by  

modulating their proliferation and estradiol syn-
thesis [32]  which was supported by an increase in  
the number of healthy growing follicles and the  

significant increase in uterine weight in this group.  

This finding was also supported by the obser-
vation of Sakr et al., [33]  who reported that Se  
protecting effect on folliculogenesis was responsi-
ble for recovery in ovarian steroidogenesis and  

normal functioning of the hypothalamo-hypophysial  
-ovarian axis which could be attributed to dimin-
ishing lipid peroxidation and oxidative stress,  
caspase 3 and cytochrome c28 inhibiting the apop-
tosis pathway in the ovary [34] .  

Moreover, Chattopadhyay et al., [31]  noticed  
that Se prevents the ovarian and uterine weight  

loss induced by arsenic, and this may be due to  

the rapid distribution of Se to the ovary and uterus,  

which in turn may activate the selenium-dependent  

peroxidase activity which is one of the major  
components of ovarian antioxidant system.  

However, Razavi et al., [35]  and Hosseinzadeh  
et al., [36]  did not observe any significant change  

in serum total testosterone after Se supplementation  

in PCOS patients.  

In addition, our results revealed a significant  

increase in body weight in PCOS non treated and  
Se treated groups when compared to control group  

with no significant change between both groups.  
This observation was in accordance with this of  

Abdulghani et al., [37]  who reported that increased  
concentration of testosterone in peripheral blood  

can be the reason of increased body weight of  
letrozole treated rats, and the increased body weight  

in those rats was not related to relative changes in  

body fat or lean body mass, but letrozole may  
stimulate general growth without affecting relative  

body composition [38] .  

Furthermore, Jamilian et al., [14]  observed that  
Se supplementation in PCOS patients had no effect  
on Body Mass Index (BMI) or dietary intake of  
energy.  

It worth noticing that, in the present study there  
weren't any significant changes in serum glucose,  
insulin or HOMA-IR levels among all groups. This  
observation was in agreement with the previous  
findings of Rajan et al., [28]  who found no signif-
icant change in oral glucose tolerance test as letro-
zole does not affect insulin signalling pathways,  
induce IR or reduce insulin sensitivity [39] .  

Additionally, Jamilian et al., [14]  found that Se  
supplements to PCOS patients had no effect on  

plasma glucose level, however, it significantly  

decreased serum insulin levels and HOMA-IR.  
Unlike, Hosseinzadeh et al., [36]  showed that Se  
supplementation worsened IR in PCOS patients.  

Interestingly, in this study, there was a signifi-
cant increase in OPN levels in Group (II) in com-
parison to control group which was in line with  

the results of Saklamaz et al., [40]  who reported  
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that increased circulating OPN levels in PCOS  
may be a compensatory mechanism to overcome  
a possible defect on OPN-mediated signaling path-
way, and it is not clear whether increased OPN  
levels are primary activators or a result from the  
disorder.  

Furthermore, androgen was shown to act on  
bone metabolism directly through androgen recep-
tors, increasing the formation, differentiation and  
maturation of osteoblasts [41] , which are a source  
for OPN secretion [42] .  

In addition, Dehdashtihaghighat et al., [43]  and  
Palo et al., [44]  stated that PCOS is considered a  
low-grade chronic inflammatory condition. Inter-
estingly, OPN is a multifunctional pro-inflammatory  
cytokine that is able to promote inflammation and  
increased concentrations of OPN have been ob-
served in inflammatory diseases [45]  and itis ex-
pressed by inflammatory cells such as macrophages  
[46,47] . Also, Inoue and Shinohara [48]  recognized  
that OPN controls immune cell functions including  
monocyte adhesion, migration, differentiation, and  
phagocytosis.  

Moreover, OPN knockout mice exhibited di-
minished leukocyte recruitment at sites of inflam-
mation. It worth noting that OPN is not only critical  
for macrophage recruitment, but also regulates the  
secretion of cytokines during cell-mediated immu-
nity [8] , as it activates the transcription factor  
nuclear factor (NF)- кB modulating the expression  
of a variety of inflammatory genes [49]  and increas-
ing tumor necrosis factor alpha (TNF- a) expression  
[50] , which may explain the protective effect of  
OPN knockout and neutralization on adipose tissue  
inflammation [51] .  

Chronic low-grade inflammation in PCO is  
closely linked to endothelial inflammation and  
consequent endothelial dysfunction [52] , as well  
as pro-inflammatory immune cell accumulation in  
adipose tissue [53] . It could be explained by in-
creased CRP level which is not only an inflamma-
tory marker of atherosclerosis, but also has direct  
deleterious effects on the vascular endothelium  
and decreases the production of nitric oxide as  
well [44] . Interestingly, in this study, serum level  
of CRP in PCOS group was significantly increased  

when compared to control group.  

Which was in line with Dehdashtihaghighat et  
al., [43]  who observed increased CRP in case of  
PCOS and they reported that this increase could  

be due to excess production in the liver under the  
influence of interleukin-6 and TNF- a , but it was  
independent on BMI or IR and it could be due to  

hyperandrogenism in those patients, also, as report-
ed by Gonzalez et al., [54]  that is in lean reproduc-
tive age women, proatherognic and inflammatory  

markers increased after raising circulating andro-
gens to levels observed in PCOS. However, the  
definite cause of CRP increase in PCOS is un-
known.  

In addition, the results in this work showed a  
significant positive correlation between both CRP  

and OPN in Group (II), so elevated OPN level  

added anew modulating factor for increased the  

inflammatory condition in case of PCOS.  

Interestingly, rats receiving Se group exhibited  

a significant decrease in both OPN and CRP when  

compared to PCO untreated Group (II).  

Furthermore, Toossi et al., [55]  reported that Se  
compound can down regulate OPN expression with  
significant negative correlation between Se and  
OPN in healthy individuals and patients with pso-
riasis. The effect of Se on OPN level could be  
explained by its ability to decrease the formation  
of ROS and entry of Ca

2+ 
 in the leukocytes inhib-

iting neutrophil activation, the release of inflam-
matory factors and oxidative stress [11] .  

In accordance with these results, Razavi et al.,  
[35]  and Jalili et al., [56]  noticed that administration  
of Se has reduced CRP among PCO and rheumatoid  
arthritis patients. Similar finding was also seen in  
centrally obese women who consumed selenium  
[57] .  

Se intake may decrease serum CRP levels  
through inhibiting the activation of NF-kB by  
modulating selenoprotein genes expression [58]  
and increasing endogenous selenoprotein biosyn-
thesis [59] .  

As increased inflammatory factors in patients  
with PCOS render them at a potential increased  
risk for the development of infertility, and other  
comorbidities [60] . So, the decreased OPN and  
CRP levels after Se treatment could explain the  
improving effect of Se on the ovarian function in  
the present work.  

In disagreement, no significant effect was ob-
served on CRP levels after intake of cereal biscuit  
with selenized onion, for 2 months among healthy  
adults [61] .  

The discrepancy between any of our findings  
and those of others could be attributed to species  
differences and/or difference in selinum form, dose,  
duration and route of treatment.  
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In addition, our results showed a significant  
positive correlation between serum OPN level and  

both LH and FSH accompanied by a significant  

negative correlation with estrogen and progesterone  

in Group II and III, with insignificant correlation  

with total testesterone which could be supported  
by the findings of Kuwabara et al., [62]  who showed  
that OPN level and expression increased in mouse  
serum and ovarian granulose cells respectively in  

response to gonadotropin. Also Duleba and Dokras  
[49] , revealed an insignificant correlation between  
OPN and androgen.  

In summary, OPN involvement in PCOS en-
larges the list of cytokines able to stimulate the  

inflammatory response in this disease and could  

disturb ovarian structure and function providing  

the possibility of using this inflammatory cytokine  

as new target in the treatment of PCOS as it provide  

a new mechanism by which Se treatment could  

improve pituitary-ovarian hormonal axis and ovar-
ian micro morphological changes in letrazole-
induced PCOS rat model.  
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